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P R E F A C E

The purpose of writing this bool? is to provide a basic 
Text Book in Nutrition for undergraduate and post-graduate 
students of Nutrition and Dietetics, Food Science and Techno­
logy and Flome Science and also a reference volume for students 
of Medicine and Public Health. During the last decade, the 
science of Food and Nutrition has grown progressively broader 
in scope and hence it has become difficult to cover all the 
aspects in one Volume. The book is, therefore, divided into 
two Volumes. Volume I deals with the Fundamental Aspects 
while Volume II deals with the Applied Aspects. The different 
topics have been covered in 49 Chapters in simple language so 
that the student can readily understand the subject. References 
for supplementary reading are appended to each Chapter. It is 
hoped that the students and teachers concerned with the 
discipline of Nutrition will find this book useful. The Report 
of the FAO/WHO Ad Hoc Expert Committee (1973) on 
“ Energy and Protein Requirements ” was received when 
the printing of the book was nearing completion. Flence, 
a summary of the report is given as a separate Chapter in 
Volume I. The material for Chapter “ Applied Nutrition 
Programme ” (Volume II) was kindly provided by Col. Barkat 
Narain. I am thankful to several colleagues in the Institute for 
kindly providing material for preparing the Chapter on “ Food 
Processing, Preservation and Storage ” (Volume II) and also to 
Mr. V. A. Daniel for ably assisting me in going through the 
manuscript before sending it to the press and in the correction 
of the proofs.

I wish to thank Dr. H. A. B. Parpia, Director, Central I'ood 
Technological Research Institute, Mysore lor kindly granting 
permission to publish this book.

I also wish to express my gr hanks to M's. Ganesh
& Co., Madras for their keen inte^- " '^oiiragcment and to 
Mr. P. M. Kuruvilla, Superint Press, Mysore,
for his kind co-operation and exccllc.



C O N T E N T S

CHAPTER

1. History of Nutrition'
' 2. £arbohydrtito6
-

4. .J^teinS
5. Nucleic acids

t 6. Composition and Functions of Tissues and Organs 
7. Endocrine Glands

' 8. Energy 'Value of Foods and Energy Requirements 
■ 9. Vitamins 
, 10. Minerals
. 11. Composition of Blood and Anaemias 
 ̂ 12. |\Vater, Electrolytes and Acid Base Balance 

* l.EcVf(}utritive Value of Foods
14. Effect of Cooking and Heat Processing on the Nutritive 

Value of Foods
 ̂ 15. Lathyrism
, 16. Recommended Dietary Allowances

17. Nutrition and Feeding of Normal Infants
18. N.utrition of Pre-school children
19. Nutrition of School Children and ,\dolescents
20. Nutrition of Expectant and Nursing Mothers
21. Nutrition of Industrial Workers

of Athletes
Undernutrition

PAGE

1
8

37
57

103
108
122

130
158
277
318
333
342

385
398
405
420
439
447
455
479
500
506



APPENDICES
Table lA: The Chemical Composition of Foods ... 336
Table 2A: Vitamin Bg, Pantothenic acid, Biotin, Choline

and Inositol contents of Foods ... 552
Table 3A: Magnesium, Copper, Sodium, Potassium and

Oxalic acid contents of foods ... ... 555
Table 4A: Amino Acid Composition of Some Important

Food Proteins ... ... ... 558
Table 5A ; Normal Values of Blood Constituents ... 564
Table 6A: Some Common Units and Measures with

Conversion Factors ... ... 565̂
Table 7A: Normal Heights and Weights of Infants and

Pre-school Children (birth to 5 years) ... 566
Table 8A: Normal Weights and Heights of Children and

Adolescents (5-18 years) ... ... 567
Errata ... ... ... ... ... 56S
Subject Index ... ... ... ... 569



HISTORY OF NUTRITION

Man has exhibited much thought and foresiglit in cultivating 
a variety of grains, fruits, vegetables, nuts and oilseeds and in 
rearing birds and animals for use as food. The selection of 
foods best suited for promoting good health has been found out 
by trial and error by continued use. Use of milks of different 
mammals as food for infants has been practised from very early 
times. The newer knowledge of nutrition has been built upon 
the observations made by several pioneers during the nineteenth 
century. The early history of nutrition may be conveniently 
discussed under the following heads: (1) Chemical nature of 
plant foods and animal tissues, (2) Observations on respiration and 
energy output in animals and human subjects, (3) Early studies on 
protein nutrition, (4) Feeding experiments with animals on purified 
diets leading to the disco\X‘ry of vitamins and (5) Observations 
on the treatment of certain diseases in human heings by changing 
diet.

Important landmarks in the history of nutrition are given 
in Table 1.1.

Chem ical nature o f plant foods and anim al tissues
A.Fr. de Fourcroy (1789) distinguished three kinds of 

animal products on the basis of their nitrogen content and laid 
the foundation for the study of the proteins by noting similarity 
of gluten of wheat and animal flesh and by showing that plant 
juices when heated gave a coagulum similar to animal proteins. 
He also discovered adipose tissue fat (Corpse wax) and described 
cholesterol which he obtained from bile. Shcelc (1742-1786) 
prepared and described tartaric acid, citric acid and lactic acid. 
In 1747, Marggraf discovered milk sugar, ;uid malt sugar tvas 
discovered by Front in 1806. The latter also crystallise'^ 
glucose from grape juice. In 1814, Chevreu! discovered tl-- 
fats are composed of fatty acids raid glycerol. Kirsc 
(1815) studied the acid hydrolysis of starch. A'thour* 
of milk as it separates from sour milk, gelatin from water



Table 1.1 I m p o r ta n t  la n d m a rk s  in  th e  h is to ry  o f  n u tr i t io n

I. Chemical nature o f plant foods and animal tissues:
1789. A. Fr. dc Fourcroy identified proteins and fats in plant and anim al 

tissues.
1742-1786— Sheele described tartaric, citric and lactic acids.
1747— M arggraf discovered m ilk sugar.
1806— Prou t discovered m alt sugar and glucose.
1814—  Chevreul described that fats arc com posed of fatty acids and glycerol,
1815—  K irschoff studied  acid hydrolysis o f starch.
1818— Beccaria p repared  and studied  gluten of wheat,
1820— Prout m ade the elem entary analysis of proteins.
1822— Bracconnot hydrolysed proteins w ith  acids.
1872—  Rithausen w rote a book on the  p roteins o f seeds.
1873- 1878— Claude B ernard discovered glucose in blood and glycogen in

liver.
1895— Baum ann discovered iodine in thyroid  gland.
1785-1850— Prout w rote a book ‘C hem istry  and the F unction  of D igestion’. 
1895— A twater published a book ‘C hem istry  and Econom y of Food’.

I I .  Observations on respiration and energy output in ariimals and human subjects:

1770-1794— Lavoisier discovered th a t organic com pounds were oxidised 
in the  body to C O 2 and water, producing heat.

1842— Leibig suggested th a t it was n o t carbon and hydrogen w hich were 
oxidised b u t carbohydrates, fats and proteins.

1849— Regnault determ ined  the  resp irato ry  quotient.
1852— Bidder and S chm idt published a book ‘D igestive Juices and Metabolism^ 

and found that the energ\^ m etabolism  was constant m a fasting 
animal.

1862— Carl Voit determ ined the  energ>' requirem ents o f m an  using a hum an 
respiration calorim eter.

1892— R uhner built a calorim eter for studying  energy  m etabolism  in dogs.
He established that 1 g. carbohydrate p roduced  4.1 K C al, 1 g. p ro tein  
4.1 K C al and 1 g. fat 9.2 K C al on oxidation in dogs.

1899— A twater determ ined  the  energy requirem ents o f h um an  beings using 
a hum an respiration  calorim eter and found the physiological calorific 
value of 1 g. carbohydrate as 4 K C al, 1 g. of protein as 4 KCal and 
1 g. fa t as 9 KCal.

Early studies on protein nutrition:

1890— Car! Y ou and co-workers determ ined  the p rotein  requirem ents 
o f adult m an  as l ld g . /d a y .

^ ittc iid cn  found the proteir* requ irem ents to be 35-45 g/day.



1905-1912— Folin d istinguished betw een Uvo types o f N  m etabolism  (i) 
‘endogenous' i.e., m etabolism  of tissue pro teins and (u) ‘exogenous’ 
i.e., m etabolism  of d ietary proteins.

^906— Flopk ins \ T h ey  show ed th a t zein (a p rotein  from  maize) did not
1912— O sborne I  support prowth in mice as it was deficient in lysine and

and M endel | tryptophan and good growth occurred when these two 
amiiio acids w^ere added to zein diet.

IV. Feedinri expen'??ic’nt-s with animals on purified diets leading to the discovery 
of vhamins:

1881— Lunin  found that m ice did no t survive on a diet based on casein, milk 
fat, cane sugar and inorganic salts for m ore than  a few' m onths.

1897— Eijkm an discovered th a t addition of rice polishings extract cured 
polyneuritis in chicken fed on polished rice diet.

1905—  Pekclharing found th a t addition of sm all am ounts of m ilk to a synthetic
diet helped to p rom ote  grow th in mice.

1907— H olst and I 'ro lich  produced  scurvy in guinea pigs^by feeding them  on 
a d iet based on oats.

1906—  Hopkins observed that addition  of 2 ml. of m ilk per ra t to  a synthetic
diet prom oted grow th. He called the grow th factors p resen t in milk 
‘accessory grow th’ factors.

1912—  Funk coined the  term  ‘V itam ine’ for the  grow th factors and propounded
the fam ous ‘V itam ine’ theory.

1913—  M cC ollum  and Davis and O sborne and M endel independently  showed
th a t b u tte r fat or egg yolk fat or cod liver oil added to a synthetic  diet 
p rom oted  good grow th. M cC ollum  and Davis designated the factor 
as ‘F a t soluble A’ and it is now known as vitam in A.

1916— M cCollum  and co-w orkers show ed th a t addition of whey of m ilk to 
synthetic diet p rom oted good grow th of rats. T h ey  called it ‘W ater 
soluble B ’.

V. Observations on the treatment o f certain diseases in human beings by changing 
diets

1753— Jam es L ind  clearly established that scurvy am ong British sailors could 
be prevented  by lim e Juice.

1820— C oindet used iodides for the  trea tm en t o f goitre.
182‘4— S chutter used cod liver oil for the trea tm en t o f rickets.
1887— Takaki prevented  the  occurrence of beriberi am ong sailors in Japanese 

Navy by  adding m eat, vegetables, condensed m ilk and barley to 
polished rice diet.

1915— G oldbcrger established th a t addition o f 200 g. o f m eat or 30 g. o f b rew ers’ 
yeast prevented  the occurrence of pellagra in volunteers fed on a poor 
maize diet.

1935— Cicely W illiam s dernonstrated  th a t kwashiorkor in children is a disease 
caused by protein deficiency and can be cured  by feeding milk.



meat had been cooked, egg white and flesli of animals were familiar 
examples of jirotein materials from time immemorial, no idea of 
their nature was gained till Becearia (1S18) ]iiepai ed and studied 
the properties of the gluten nl' wln at. Front ( 1820) made the 
first elementary analysis of proteins. Hraceoni'.ot (1822) first 
hydrolysed proteins with acids. He diaetn .. redi the amino acids, 
glycine and l.ucint.. Mulder in 1838 e diieel the term ‘protein’. 
In 1872, Kithausen tvrote his fmok on tlie ’piroteins of seeds. 
Claude Bernard (1873-1878) diseoevred glucose in blood and 
found that livei' could store glucose as glycogen eiliich lie first 
lirepared. Baumann (1895) iliscovercd that iodine is present 
in thyroid gland. Proul ^17S5-185(f) published in 1834 a b;>ok 
‘Chemistry, Meteorology and the I'uneuon of Oigestion’. In 
this book, he set forth the modern \ ie\\s that siweral kinds of 
nutrients are essential. Me distinguished t'ae.n r..i sacehaiine 
group, oleaginic group and albuminous group and stated tliat 
during digestion these are dissolyed. .Vtwater analysed .\meric.m 
fooels for carboh.ydrates, fats and proteins and published in 1895 
a honk 'Cheniistn' and Economy of Food’.

Observations on respiration and energy output in anim als 
and hum an subjects

Lavoisier (1770-1794) made the great discoyen- regarding 
the nature of respiration. He beliewed that organic substances 
were oxidised in tlie bod\' with the production of CO., and heat. 
\  calorimeter deyised hv him was used to measure the heat 
production in guinea pigs. The studies of Iwibig in 1842, 
showed that it was not carbon and hydrogen \vhicli were burnt 
in the body but carbohydrates, fats and proteins. Regmuiit 
(1849) first determined the rcs]iiratory quotient i.e., ratio of 
volume of CO., cxiiired to Ô  consumed in animals. With 
Reisert, he studied O., consumption by animals of different sizes 
and found that small animals used far more O., per unit body 
weight than did large animals. It was 10 times gre-ater in sparro'.vs 
than in chicken. They rightly assigned thi.s dilference to the 
relative difference in the body surface between the large and 
small birds. Biddei' and Schmidt (1852) publislied a lv>nk 
‘Tlie Digestive juic.s and Metabolism’. Tiiey described the 
results of studies on fasting animals, showing tliat energy



metabolism as represented by the amount of heat lost to the 
environment is constant, having the same value for animals with 
similar body volume, surface and temperature. Carl Voit deter­
mined the energy requirements of human adults. Atwater 
(1873-1900) studied the energy output of human subjects using 
the human respiration calorimeter and related the energy output 
to oxygen consumption.

Early studies on protein nutrition
Carl Voit and co-workers (1870-1890) carried out pioneering 

studies on protein metabolism and protein requirements. They 
found that when gelatin was substituted for meat protein in the 
diet of dogs, loss of body protein occurred. They showed that 
protein consumed in e.xcess was not stored but oxidised to urea 
and excreted in urine. Voit set the protein requirements of 
adidt humans at 118 g. per day. Chittenden (1901) carried out 
extensive studies on the protein requirements of adult man and 
found that active men coidd be maintained in good health on 
protein intakes of 36 to 45 g. per day. Folin (1905-1912) made 
extensive studies on protein metabolism. He distinguished two 
types of protein metabolism (i) endogenous i.c. metabolism of 
tissue proteins and (ii) exogenous i.e. metabolism of dietary 
proteins. The pioneering studies of Hopkins (1906) in England 
and Osborne and Mendel (1912) in U.S.A. showed that rats 
did not grow on a purified diet containing zein (a protein from 
maize) as the sole source of protein. Chemical analysis revealed 
that zein did not contain tryptophan and lysine. They showed 
that when these two amino acids were added to zein, rats grew 
well.

Feeding experim ents with anim als on purified diets 
leading to the discovery of vitam ins
Lunin (1881) fed mice on a diet containing casein, milk fat, 

cane sugar and different inorganic salts. The animals survived 
for some montlis and finally lost body weight and died. Eijkman 
(1897) in Batavda reported that chicken fed on polished rice, 
developed polyneuritis and addition of rice polishings extract 
cured the disease. Pekelharing (1905) in Holland, found that 
mice did not sundve on diet based on bread, rice flour, egg



albumin, casein, lard and a mixture of salts and addition of small 
amounts of milk to the above diet helped to promote growth and 
maintain the animals in good health. In 19U7, Holst and Frolich 
produced scur\^ in guinea pigs by feeding them on a diet based 
mainly on oats. Hopkins (1906) found that rats fed on purified 
mixture of casein, starch, cane sugar, lard and inorganic salts 
did not grow and died after some months. Addition of milk in 
small quantities (2 ml. per rat) promoted growth. He postulated 
the presence of some unknown growth factors in milk which 
are essential for the growth of rats and called them ‘accessory 
factors of the diet’, which are now known as ‘vitamins’. Funk 
(1912) coined the name 'Vitamine' for the accessory food factors 
and propounded the famous ‘Vitamine’ theory that natural foods 
contained distinct anti-beriberi, anti-scury\", anti-rickets and anti­
pellagra ‘vitamines’. AIcCollum and Davis (1913) and Osborne 
and Mendel (1913) independentlv showed that albino rats fed 
on a diet containing bread, casein, lard or olive oil, starch and 
inorganic salts did not grow but when butter fat or egg yolk fat 
or cod liver oil was added, good growth occurred. McCollum 
and Davis designated the factor as ‘I'at soluble A’ and it is now 
known as vitamin A. McCollum and co-workers (1916) using 
purified diets showed that whev of milk contained a factor neces­
sary for the growth of rats. 'Fhey called it ‘Water soluble B’.

Observations on the treatment o f certain diseases in human  
beings by changing diet

Burnt sponge has been used from time immemorial in the 
treatment of goitre. Courtois (IS ll) discowred the presence 
of iodine in burnt sponge. Baumann (1896) disco\ered the 
presence of iodine in thyroid gland. Iodides were used in the 
treatment of goitre by Coindet in 1820. Cod liver oil has been 
usetl in the treatment of rickets from ancient times. Its use for 
the treatment of rickets was reported in 1824 b'.' Schutit r. Takaki 
(1887) reported the results of a remarkable in vestigatioii in which 
he showed t’nat addition of meat, vegetables, co.idensed mill; and 
ba.rley to a ration based mainly on raw miliec.1 rice, Itelped to 
lircvent the occurrence of beriberi among sailors in the Jana'n.'se 
Ne.vy. Jatnes Lind (1753) clearly established tlnit scinwv can lie 
prevented or cured by the provision of fresh fruits or vegetables



among sailors in the British Navy. From 1795 onwards the 
British Navy introduced lime juice as part of the sailors’ ration. 
Goldberger (1915) in U.S.A. found that addition of milk and eggs 
to a poor maize diet prevented the occurrence of pellagra among 
inmates in an institution. They also produced pellagra among 
human volunteers by feeding them on a poor diet consisting of 
maize, wheat flour, potato, salt pork and syrup for a period of 6 
months and found that addition of 200 g. meat or 30 g. of brewers’ 
yeast or 2 pints of milk can cure the disease. Cicely Williams 
demonstrated in 1935 that kwashiorkor in children is caused 
by protein deflciency and can be cured by feeding milk.

R E F E R E N C E S

G . Lusk, (1928), Science o f N utrition , Saunders, U .S.A .
E. V. M cC ollum , (1957), A  History o f N utrition, H oughton MifRn Co., Boston, 

U .S.A .



C hapter 2 

CARBOHYDRATES

Caibohydrates are widely distributed in plants in which 
they are formed from carbon dioxide of the atmosphere by 

^l^tosynthesis. They may be broadly classified as follows:

I. M onosaccharides
1. Biose, Glycolic aldehyde.
2. Trioses, e.g., Glyceraldehyde and dihydroxy

acetone.
3. Tetroses, e.g., Erythrose, threose.
4. Pentoses, e.g., Arabinose, xylose, ribose, de-

oxyribose,
5. Hexoses, C^Hj^Og, e.g.. Glucose, galactose, fructose,

mannose.

II. O ligosaccharides
1. Disaccharides, Cj^Hj^O^j, e.g.. Sucrose, lactose, maltose,
2. Trisaccharides, CjgHg^Ojj, e.g., Raffinose.
3. Tetrasaccharides, e.g., Stachyose.

III. Polysaccharides

1. Pentosans e.g., Araban, xylan.
2. Hexosans, (a) Starch, dextrin and glycogen.

(b) Cellulose, inulin, mannan, gallactan.

IV. Complex Polysaccharides

Hemicelluloses, gums, mucilages, pectins.
The chemical properties and uses of carbohydrates are briefly 

described below:



I. MONOSACCHARIDES

Biose (C^Iipj

Glycolic aldehyde can be prepared synthetically. It is a 
crystalline substance M.P. 95-97°C. It is easily soluble in 
water and has a sweet taste.

The chemical structure is given below;

C H O
I

C H .—O H  

Glycolic aldehyde.

Triases (C^H^Oj)

Two compounds of this category, i.e., glyceraldehyde and 
dihydroxy acetone occur in small amounts in animal and plant 
tissues in the form of phosphoric esters. These are derived 
from the break-down of glucose.

C H O
I

H —C —H O
I

C H ,— O H
D  (-l-)-G lyceraldchyde

Glyc er aldehyde

The chemical structure of D(+) glyceraldehyde is given below.
The DL-glyceraldehyde has been pre­
pared synthetically. It is a crystalline 
compound (MP 138"C) with a sweet 
taste and easily soluble in water. This 
compound has been taken arbitrarily 
as a reference compound for represen­

ting the configuration of sugars. In D-glyceraldehyde, the OH 
group of the CHOH is shown on the right side and in the 
L-glyceraldehyde on the left side. The optical rotation, dextro 
and levo is shown by (-)-) or (—) within brackets and not by 
the letters D and L. Glyceraldehyde phosphate is formed 
during the conversion of glucose to lactic acid in animal and 
plant cells.



-OH

Dihydroxy acetone
The chemical structure of dihydroxy acetone is given below.

It is a white crystalline compound. 
It is readily soluble in water and has 
a sweet taste. Dihydroxy acetone 
phosphate is formed during the conver­
sion of glucose into lactic acid in animal 
and plant cells.

CH,.-
I ■ 

CO

CHj—OH
’D i-hydroxy  acetone

Tetroses (C^HgO )̂
The chemical structure of D(-) erythrose is given below.

CHO occurs in small quantities in micro-
I organisms and plants. It is an intcr-

H—C—OH mediary product in the photosynthesis
H—c—OH of glucose in plants.

ICHj—OH 
D (-) Erythrose

PENTOSES
From the number of assymetric carbon atoms present, 4 

isomers of aldopentoses are possible. These are arabinose, 
xylose, ribose, lyxose. Pentoses are not oxidised in the body 
to an appreciable extent.

L(+) Arabinose: It does not occur free in nature. 'The 
polysaccharide, Aniban present in cherry gum or gum arabic is 
formed by the combination of a large number of arabinose mole­
cules. Arabinose can be obtained from the hydrolysis of cherry 
gum or gum arabic.

L(+) Xylose: Xylose does not occur in free state. The 
polysaccharide, Xylan present in wood gum and straws, is formed 
by the combination of a large number of xylose molecules.

D(-) Ribose: It occurs in the nucleotides, adenylic acid and 
ribonucleic acid (RNA) present in the plant and animal tissues. 
It is svntlies'sed in the tissues from glucose according to the 
pentose p.ithway.

D-2-Dro\yribose: It is present as a constituent of deoxy 
ribonucleic acids (DNA) present in the nucleus. It contains 
one oxygen atom less than ribose. The structures of ribose and 
deoxyrihose are given in Fig. 2.1.



OH
Ic
I
H

D -  r ib o se D - 2 -  d e o x y r ib o se

Fig. 2.1. T h e  structures o f  r ib ose  an d  d eo xyrib ose

HEXOSES
Like other monosaccharides, hexoses can be divided into two 

main groups: (t) Aldoses or sugars containing an aldehyde group, 
e.g., glucose, galactose and mannose and (/V) Ketoses, or sugars 
with a ketone group, e.g., fructose and sorbose. The chemical 
structures of some important hexoses are given in Fig. 2.2

H
1 /

h

CHjOH 
C -----
H

OH
C ­
I
H

CH2OH

O H /^
j . /  H

H T -
I

H

H
1/

■C

CHOH

OH

D - g iu c o s e

V/c
I
OH

CHOH

V/
C
l \
OH

H
1

C -

H
Jc-
OH

C
OH /  I

. I / O H
1
H

D -fr u c to s e

CH,OH 
I -

1/  H \
CHOH• ' OH OH /

OH
1
H

1 /-c
I
H

D - g o l a c t o s e

Fig. 2.2. S tructures o f  h e x o se s

D- mannose

H



Glucose {Dextrose): Glucose occurs in the free state in many 
/fruits (?.-() per cent) and in honey (30-40 per cent). It contains 

/ an aldehyde group. Glucose on reduction gives sorbitol. Glucose 
has been described as the ‘Current carbohydrate coin of the body’ 
as the body iitdises carbohydrates mainly in the form of glucose. 
Normal human blood contains about 80-100 mg. of glucose per 
100 nd. ol blood. This level is maintained constant in healthy 
subjects. In persons suffering from the disease diabetes inellitus 
the concentration of glucose in blood may be very high (180 to 
300 mg per 100 ml. of blood), depending on the severity of the 
disease. Glucose is not present in the urine of normal persons 
but in persons suffering from diabetes, glucose is excreted in the 
urine (upto 6 per cent).

Medicinal glucose {Glucose D, Dextrose): Glucose is manufac­
tured on a large scale by the hydrolysis or starch b\' dilute hvdro- 

'^chlo ric acid or enzymes. Glucose (with or without added calcium 
salts and vitamin D) is used as a source of energy in the diets of 
medical and surgical patients as it is readily absorbed and utilised 
by the body.

Fructose {Levalose, fruit sugar): Fructose occurs in the free 
state along with glucose in many fruits (2-5 per cent) and in honey 
(30-40 per cent). Fructose is readily utilised by the body as a 
source of energy. Recent investigations have shown that fructose 
is better utilised as a source of energy by diabetic patients than 
glucose. It is twice as sweet as glucose. Fructose on reduction 
yields a mixture of sorbitol and mannitol.

Galactose: It dees not occur in the free state but is widely 
distributed in the combined state. lyactose, the sugar present 
in milk is a compound of glucose and galactose. It also occurs 
in cerebrosides present in brain and nervous tissues and hence 
its nutritional importance. Galactose on reduction yields the 
alcohol, dulcitol.

£>(-!-) Mannose: This does not occur free in nature. It is 
found in the form of a polysaccharide, mannan occurring in ivory 
nuts, i.e., the seeds of Tagua palm, Phytchphas luacrocarpa 
and in yeast polysaccharides. Mannose is a constituent of 
prosthetic polysaccharides of albumin, globulins and mucoids and 
also cf the prosthetic polysaccharide of tubercle bacilli. Alannose 
on reduction gives mannitcl.



Sugar alcohols. The important sugar alcohols are, sorbitol, 
mannitol and dulcitol. Of these, sorbitol has found use in 
diets for diabetic patients. D-sorbhcl (D-glucitol) is an alcohol 
made commercially from glucose by hydrogenation. B}" this 
means, the aldehyde (CHO) group of glucose is reduced to an 
alcoholic group (CII^OH). Sorbitol is found in small amounts 
in some fruits (such as rowan berries); it is chiefly the 
product made from glucose that finds use in diets for diabetics. 
About 90 per cent of the ingested sorbitol is absorbed and meta­
bolised, probably after conversion to glucose as indicated by 
tracer studies. The rate of absorption from the gut is slow as 
compared witlr glucose and hence does not increase the blood 
sugar level. It is about 60 per cent as sweet as sucrose.

/  DISACCHARIDES
The disaccharides are form''d bv the condensation of two 

monosaccharides with the eliminatiim (h one molecule of water. 
The disaccharides of nutritional importance are (1) Sucrose,

Lactose {a form ) 
D-glucose -l-i/S-D-galactoside)

Fis. 2.3

CH.OH

a-B-gUicop>Taiiosyi-/3-u-fri;ctofur.anoside

Fi''. 2.4



(2) Maltose and (3) Lactose. The structures of these compounds 
are given in Figs. 2.3—2.5.

CH.OH

2i

M a lto se  (a form )
T)-e,lucose 4 - (a -D -g lu c o s id e )

F/ff. 2.5

Sucrose {Carte sugar, beet sugar, saccharose): Sucrose occurs 
iti sugar cane (10-12 per cent) and beet root (12-18 per cent). 
It is manufactured on a large scale from sugar cane or beet root. 
It is also present in certain fruits, vegetables and honey.

Sucrose is formed by the condensation of one molecule of 
glucose and one molecule of fructose.

Sucrose is easily hydrolysed to glucose and fructose eithe 
by dilute mineral acids or by the enzyme sucrose present in the 
intestinal juice.

D ilu te  H C l
Sucrose-l-H aO --------------------- >G lucose-t-Fructose

Sucrase
^■Glucose -f-FructoseS u c ro se+  HoO------ ---------

' Maltose {Malt sugar): Maltose is present in malt. It is 
'formed in cereal grains (Barley, jowar, ragi, etc.) during germina­
tion by the hydrolysis of starch by the enzyme, diastase (amylase).

amylase
S ta rch ------------------ >-Maltose

It is also formed when starch present in the food is digested 
by salivary and pancreatic amylases. Maltose is formed by the 
condensation of two glucose molecules. It is hydrolysed to 
glucose by the enzyme maltose present in the intestinal juice.

M altasc
Maltose+H20- ^G lucose (two m olecules).

' Lactose {Milk sugar): Lactose occurs in the milk of all mammals 
\^ u t  has not so far been found in plant products. Cow’s and



buffalo milks contain about 4 per cent while human milk contains 
about 7 per cent of lactose. Lactose is synthesised in the 
mammary gland by the glucose supplied by the blood. Lactose 
is formed by the condensation of one molecule of glucose and one 
molecule of galactose with the elimination of one molecule of 
water. Lactose is hydrolysed to glucose and galactose by the 
enzyme lactase present in the intestinal juice.

Lactase ^
Lactose +  H 2O ------------------ >-Glucose +  Galactose

The relative sweetness of sugars and some artificial sweeteners 
taking the sweetness of sucrose as 100, is given in Table 2.1.

Table 2.1. R e la t iv e  s w e e tn e s s  o f  su g a rs

Sugar Relative sweetness 
(Sucrose, 100).

I.actose 16
Raffinose 22
Galactose 32
Rhamnose 32
.Maltose 32
Xylose 40
Glucose 74
Sucrose 100
Invert sugar (1 :1 glucose and fructose) 130
Fructose 173
Sodium  cyclamate 3000
Saccharin 45000

POLYSACCHARIDES

STARCH

Starch occurs widely in the vegetable kingdom. The im- 
^portant sources of starch are (1) Cereals and millets (65-85 per 

cent) and (2) Roots and tubers (19-35 per cent). Starch occurs 
in the forms of granules which have characteristic shapes when 
seen under microscope. Starch is a polysaccharide formed in 
nature by the condensation of a large number (4000-15000) of 
glucose molecules.



Properties of Starch
It is a white, tasteless powder, insoluble in cold water. When 

stardi. is boiled with water, it forms a paste. Cereal starches 
differ from root and tuber starches in their physical properties. 
A starch paste (containing 5 per cent starch) made out of cereal 
starches sets to a thick jelly on cooling, whereas a starch paste 
(5 per cent starch) made out of tuber starches remains as a thick 
Huid and does not set to a thick jelly. A starch paste (.t per cent 
solution) made out of waxy cereal starches does not set to a jelly.

Starch is readily hydrolysed by hot dilute mineral acid; to 
glucose. When cooked starch is acted upon by the enz^tme, 
amvlasc present in saliva or pancreatic juice, it is In drolyscd to 
maltose. During th.e hydrolysis of starch by amylase, certain 
intermediate products called dextrins are formed.

S ta rch - >D cxtrins- ^•Maltose
S tarch  w hen h^'drolysed com pletely by d ilu te  H C I yields "lucose 

Acids
S tarch---------------- ->Glucosc

Starch, is used for the manufacture of glucose, dextrins, 
custard powder and sago.

Dextrins: Dextrins are polysaccharides formed by the partial 
hydrolysis of starch by means of enzymes or acids.

Chemistry of Starch
Starch consists of a mixture of two components namely amylosc 

and amylopectin. These can be separated from one another.
Ainylosc: This is a long unbranched chain of glucose mole­

cules linked together by 1: 4 linkage, simihir to that present in 
maltose. Tlie molecular weights of amyloses range from lO'’ to 
10®. One molecule of amylose may contain 500 to ,5000 glucose 
molecules. Amylose dissolves readily in water. The solution on 
keeping turns turbid due to the precipitation of amylose br' a 
process known as rctrogradation. Amylose is mainly responsible 
for the stiffening of cooked rice on standing. Amylose gives 
a blue colour with iodine.

Am\’l:ipc:tii:: .Vmylopcctin is insoluble in water. It lias a larger 
molecular weight than amylose, the molecular weights ranging 
from KFto Kff. One molecule of a.mvlopectin mav contain 50,000



to 500,000 glucf)se molecules. Ainylopectin has been shown to 
consist of branched chains, each chain consisting of 20 to 30 
glucose units linked by 1:4 linkage. The different chains are 
linked to each other by 1:6 linkage. .A.mylopectin gives a purple 
colour with iodine. "

The amylose and amylopectin contents of some starches are 
given in Table 2.2.

Table 2.2 A m y lo se  a a d  a m y lo p e ctin  co n ten ts  o f  c e r e a l and  root s ta rch es

Source of Starch .Amylose (% ) Am ylopectin (% )

Rice, (normal) 25 75
Rice glutinous 10-20 80-90
W heat 24 76
Corn 28 72
Sorghum 22 78
Tapioca 17 83
Potato 22 78
Sago paint 27 73
IJanana 21 79
•Arrowroot 20 80
Sweet potato 
W axv rice 1

18 82

,, Corn i' 
,, Sorghum  ^

.1. 97-99

Other Polysaccharides y ,

^  Glycogen: Glycogen is the reserve carbohydrate found in the 
animal and human btxly. It is found mainly in the muscles (0.5 
to 1 per cent) and liver (3 to 7 per cent). In a well nourished 
adult human being, the liver may contain about 200 g. and the 
muscle about 350g of glycogen. The liver contains enzymes 
which can convert glucose into glycogen and vice versa. Glycogen 
resembles starch in its chemical properties. It is formed by the 
condensation of a large number (5000-10000) of glucose mole­
cules. It is a branched chain polysaccharide, resembling amylo­
pectin. The chain length varies from 8 to 12 glucose units. 
The molecular weight of glycogen from different sources ranges 
front 10® to 10®. ' '
^  Cellulose: Cellulose is a polysaccharide made up of glucose. 
Its cherrucal structure differs from starch in the mode of linkage

2



between the glucose molecules. In starch, Alpha-glucose units 
are linked liy 1:4 linkage. While in cellulose, ileta-glucose units 
are linked by 1:4 linkage. Due to this difference in the chemical 
structure, cellulose is not acted upon by amylases present in tire 
digestive juices in the same way as starclr. Cellulose is acted on 
by an enzyme called cellulase produced by some moulds. Pure 
forms of cellulose are cotton and paper pulp.

Fructnsflns: Fructosans are polysaccharides formed bv com­
bination of large number of fructose molecules. The well known 
example is imdin present in Jerusalem artichoke. Inulin on 
hydrolysis with dilute mineral acids yields fructose. Inulin 
when injected into the blood is readily excreted by the kidneys. 
The inulin molecule is small enough to lie filtered through the 
renal glomerular membrane. Use is made of this property in 
the inulin clearance test of kidney functifin.

Galactam: Galactans are polysaccharides composed ot 
galactose molecules. In addition, they contain D-mannonic 
acid and sulphuric acid in combination. They occur in large 
amounts in sea weeds. The well known poly-galactan is agar- 
agar. Agar-agar is insoluble in cold water, but solulrle in hot 
water at concentrations of 1-4 per cent. Tire solution sets to a 
jelly on cooling. Agar-agar is used in media for culturing bac­
teria. Since it is not acted upon by digestive enzymes, it 's 
used in medicine for relieving constipation in children.

Mamnins: Alannans are polysaccharides composed of man­
nose. They occur in yeast, bacteria and some plants. The most 
abundant source of mannan is ivory nuts, i.e., seeds of Tagua 
palm Phyfelephas macrocarpa. ,

Pentosans: Pentosans are polysaccharides formed by the 
combination of large number of pentoses. The most familiar 
examples are Xylan (composed of xylose) and Araban (composed 
of arabinose). They occur in grasses, straw, wood, gums and 
mucilages. They are not hydrolysed by the enzymes present 
in the digestive juices of human beings. The bacteria present in 
the large intestines decompose them.

Dextrans and Levans: Dextrans and levans arc polysaccha­
rides formed by the action of bacteria on glucose and fructose. 
Dextrans have high molecular weights and form rather viscous 
colloidal solutions in water. They have attracted considerable



clinical interest because of their possible use as plasma substitutes, 
since they form nontoxic solutions, with a high colloidal osmotic 
pressure, suitable for intravenous administration as a temporary 
replacement of plasma proteins lost from blood by haemorrhage. 
Dextrans so administered are slowly oxidised and gradually 
disappear frojn the circulation. Dextrans consist of D-glucose 
units joined in chains of 1:6 glycoside linkage with evidence (jf 
occasional cross-linking between chains bv 1 :4 linkage. Levans 
are composed of fructose units with 2:6 linkages between units, 
thus differing from inulin, which contains 1:2 linkages.

Pectins: Pectins are compounds formed by the combination 
of large number of galacturonic acids—anhydrogallacturonide 
residues, part of the carboxyl group existing as methyl esters. 
On hydrolysis, pectin yields mainly galacturonic acid and small 
amounts of galactose and arabinose. In the presence of sucrose 
and citric acid, pectin forms a gel. Pectin is used in food industry 
as an ingredient of jams and jellies. Pectin is also used in medicine 
for treating diarrhoea.

Hemicelluloses: Hemicelluloses are polysaccharides contain­
ing pentoses, hexoses and urcnic acids. They are present in 
small amounts in all vegetables and in large amounts in corn cobs, 
grain hulls and straws. They are hydrolysed by hot dilute acids, 
but are not acted upon b)' the digestive juices in the human 
intestinal traet. They are acted upon by bacteria present in the 
large intestines.

Carbohydrate derivatives present in the m am m alian  
tissues
A large number of carbohydrate derivatives occur as cons­

tituents of various proteins in the body.
^ iil to  sti^ojs: The two important amino sugars are D- 

glucosamine and D-galactosamine. The amino group is attached 
to the second carbon atom. Glucosamine occurs as a constituent 
of various mammalian polysaccharides and also of Chitin, the 
major polysaccharide of shells of insects and crustaceans. Galac- 
tosaminc is found in the characteristic polysaccharide of cartilage- 
chondroitin sulphate.

Sialic acids: Sialic acids are a group of naturally occurring 
N- and 0-acyl derivatives of a 9-carbon, 3-dcoxy-5-amino sugar



acid called neuraminic acids. Tho\' are present in blood and 
\arious tissues of the body.

Mwaviic acid: The mucopeptides of bacterial cell walls 
contain another complex sugar derivative called mumrnic. acid. 
This may be considered as a compound of N-acetvlghicosamine 
and lactic acid.

Mucopolysaccharides: They are widely distributed throughout 
the animal body in the connective tissues. Some mucopolysaccha­
rides and their constituents are given in Table 2.3.

Table 2.3 S o m e  M u c o p o ly sa cch a r id es  a n d  th e ir  C on stituents

M ucopolysaccharide C onstituents

H yaluronic acid 
C hondro itin  
C hondroitin  sulphate A

C'hondroitin su lphate  C

i^crm atan sulphate (for­
merly chondroitin su l­
phate B)

K eratosulphate

Heparin

D -G lucuronic  acid; N -acctyl-D -glucosam ine 
O -glucuronic acid; N -acctyl-D -galactosainine 
D -G lucuronic  acid: V -acctyl-D -galactosam inc

4-su lphatc
D -(jlucuron ic  acid; X -acetyl-D -galactosam ine

6-su1nhate

L -Iduronic acid; N -acetyl-H -G alactosainine
4-sulphate

U-G alactose 6-sulphate; N -acetyl-glucosam inc
6-sulphate

(ilucuron ic  acid 2-siilphate, G lucosam ine 6 -0  
su lphate; N -suIphate

Hyaluronic acid: Hy'aluronic acid is a polysaccharide com­
posed of glucuronic acid and glucosamine. It forms a highly 
viscous solution in water and acts as a protective and lubricating 
factor. It is found in the synovial fluid of joints and in the vitreous 
humour of the eyes.

Mucus: Mucus is a secretion of mucous glands located in 
epithelial structures. Older literature refers to the presence 
in mucous of a polysaccharide of specific structure, which was 
termed mucoitin sulphate. Recent work does not provide any 
evidence for the presence of mucoitin sulphate. Mucous secre­
tions contain a mixture of mucopolysaccharides and glycoproteins.

Chondroitin sulphate: Chondroitin is a polymer of D-glucuro- 
nic acid and N-acetyl-galactosamine. Chondroitin sulphate is 
widely distributed in connective tissue.



Heparin: Heparin is an anticoagulant produced in liver and 
found in blood. It is a sulphated polysaccharide and yields on 
hydrolysis, one molecule each of D-glucosamine, and D-glucuronic 
acid and two molecules of sulphuric acid. The molecular weight 
is in the range of 20,000.

Blood group polysaccharides: Blood-group specific polysaccha­
rides are present in red blood cells. They are quite complex in 
structure and yield on hydrolysis glucosamine, galactosamine^ 
galactose, fucose and N-acetylneuraminic acid.

Important sources o f carbohydrates in the diet
The important sources of carbohydrates in the diets of children 

and adults are cereals, millets, roots, tubers, pulses, sugar and 
jaggery. The important sources of carbohydrates in the diets of 
infants are milk and sugar.

The carbohydrate contents of different groups of foods are 
given in Table 2.4.

Table 2.4 C arbohydrate co n ten ts  o f  so m e  foods

N am e of food Carbohydrate
(g/lOOg)

C ereals and m illets (Rice, jowar, etc.) 63-79
I’ulses (Bengal gram , red gram , etc.) 56-60
N uts and oilseeds 10-25
Roots and tubers (potato, tapioca, sweet potato, etc. 

on  fresh basis)
22-39

A rrow root flour 85-87
Cane sugar 99
Sago 87-89
Honev 79-80
Jaggery 
M ilk (fresh)

94-95
4- 5

D ried fruits (Raisins, dates, etc.) 67-77
Fresh  fruits 10-25

The carbohydrate contents of individual foods are given in 
Table 1 A in the Appendix:

Functions o f carbohydrates
Carbohydrates have a variety of functions in the anima 1 

organisms: (1) they supply energy for body functions, (2) they 
are essential for the oxidation of fats, (3) they exert a sparing



action of proteins, (4) some of the carbohydrates are present in 
some tissue constituents (3) they add flavour to the diet and (6) 
starch which forms the main source of carbohydrates, in the 
average diets, has a bland taste and is non-irritant. It can be 
consumed in large amounts without any ill efl'ects, thus providing 
the major portion of the energy requirements of the body.

The main function of carbohydrates is to supply energy for 
the bodv processes. Glucose is essential for life processes. 
A greater part of the energy in the diet, i.e., more than 50-80 
per cent is supplied by carbohydrates. Even though fat yields 
twice as much energy as carbohydrates for unit weight, carbohy­
drate is essential for the oxidation of fats. The common expres­
sion that ‘fat burns in the fire of carbohydrates’ is used to em­
phasize the fact that in the absence of carbohydrates, fats cannot 
be oxidised by the body to yield energv. Recent studies have 
shown that oxaloacetic acid, a break down product of carbo­
hydrate, is essential for the oxidation of acetate which is the break­
down product of lats. In the absence of oxaloacetic acid, acetate is 
converted into ketone bodies (acetoacetic acid, acetone etc.), 
which are toxic to the animal organism. Ketosis occurs in 
diabetes where the cells cannot utilise carbchvdratcs and in 
starvation where the cells must use fat stores in the body as a 
source of energy. Carbohydrates like sucrose are used to sweeten 
food preparations and drinks to make them more acceptable.

Digestion and absorption of carbohydrates
The first stage in the digestion of carbohydrates takes place 

in the mouth when the food is chewed. The saliva contains an 
alpha-amylase known as Ptyalin. This enzyme acts on starch 
splitting it into dextrin and maltose. Amylase acts best at neutral 
pH. As soon as the toed reaches the stomach, it mixes with the 
gastric juice and amylase activity is inhibited. The acidity of 
the stomach contents may cause the hydrolysis of some of the 
sucrose present in the diet. The digestion of carboh^•drates is 
mainly accomplished in the small intestines where thev are sub­
jected to the action of pancreatic amylase and intestinal amylase, 
sucrase, lactase, maltase and isomaltase (Oligo 1:6 glucosidasc). 
Ultimatch', starch is broken down to glucose, sucrose to glucose 
and fructose, maltose to glucose and lactose to glucose and 
galactose.



Pancreatic
Amvlose-— -------------- ^M altose

Amylase

Pancreatic
A m ylopectin- »M altose+  Isom attose

Amylase 

Pancreatic
G lycogen------------------»-Maltose+ Isom altose

Amylase

Maltase
M altose------------------ s-Glucose

Isom altase
Isom altose---------------- ^-Glucose

Sucrase
Sucrose----------------->Glucose-l- F  ructose

Lactase
Lactose--------------- ->Glucose + G alactose

The hexoses are absorbed through the walls of the intestines. 
The rates of absorption of the three hexoses present at 10 per 
cent solution by a 50 cm. length Jejunum in one hour are as 
follows: Galactose, 9.5g; glucose, 8 g; and fructose, 5 g.

The non-digestible polysaccharides present in the food, 
viz., cellulose, pentosans, galactans, fructosans are not acted 
upon by the enzymes present in the digestive juices. They are, 
however, acted upon by bacteria present in the large intestines, 
with the formation of CO ,̂ alcohols and organic acids.

Fate o f absorbed carbohydrates

Glucose, galactose and fructose absorbed in the intestines 
pass thi'ough the portal circulation to the liver. In the liver, 
a part of glucose and the entire galactose and fructose are con­
verted into glycogen. A part of tire glucose passes into the general 
circulation and to the various tissues. A scheme of utilisation 
of glucose, galactose and fructose absorbed from the food is shown 
in Fig. 2.5. It is evident that (a) a part of the glucose enters the 
systemic circulation to different tissues for being oxidised and used 
as energy, (h) some of the glucose and the entire quantity of galac­
tose and fructose pass to the liver for being converted into glycogen 
and (c) a small part may pass to adipose tissue for conversion to 
fat. All these processes occur at the same time.



ESSKNTIALS OF FOOD AND NUTIUTION 

D ietary  hexoses

G lucose
I

G alactose F ructose

Blood g lucose—̂ L iv e r  (glycogen)

I " I .
1 B lood lactic acid

—  n  I I ' ^  .
Adipose tissue All tissues M uscle glycogen ^ L a c t i c  acid, (m uscle)

(as fat)

Fig. 2.6 M ode of u tilisa tion  o f glucose and o ther hexoses in the body.

Formation of glycogen in liver
Fructose absorbed from the intestines is ctmverted into glucose 

and glycogen. Fructose is converted into fructose-6-phosphate 
which, in turn, can be converted into gIucose-6-phosphate. 
Galactose absorbed from the intestines is converted into galactose-
I-phosphate which can be converted into glucose-l-phosphate. 
The steps involved in the conversion of glucose, fructose and 
galactose into glycogen in the liver are shown in Fig. 2.7.

G lycogen G alactose
t I I t

G lu co se-l-phosphate  G alactose-1-phosphate.
I t

G lu c o s e ^  G lucose-6-phosphate
I t

Fructose->-Fructose-6-phosphate

Fig. 2.7. F o rm ation  of glycogen from  glucose, fructose and galactose.

Data regarding the quantity of glycogen and glucose present 
in the body are given in Table 2.5.

Table 2.5 C arbohydrate co n ten t o f  a n o rm a l adult

Body weight, 70 kg., liver w eight, 1800g; m uscle m ass, 35kg., volum e of 
b lood  and extracellular fluid, 21 litre s  (Soskin an d  L evine 1952)

O rgan  or tissue Per cent g-

M uscle  glycogen 0.07 245
L iver glycogen 6.00 108

Blood and extra cellu lar fluid glucose 0.08 17

T  otal 370



METABOLISM OF CARBOHYDRATES
'Ehe metabolism of glucose can be discussed under the follow­

ing heads: (1) Glycolysis, (2) Kreb’s tri-carboxylic acid cycle 
and (3) Other pathways of carbohydrate metabolism.

Glycolysis
The term glycolysis is used t(j the anaerobic phase of the 

carbohydrate metabolism whereby glucose or glycogen is con­
verted to lactic acid. The sequence of reactions is frequently 
referred to Embden-Meyerhof pathway (Fig. 2.8). The con­
version of glycogen to glucose is known as glycogenotysis, while 
the reverse process, i.e., conversion of glucose to glycogen is known 
as glycogenesis.

Glucose
t f

Glucose 6-Phosphate
f f

Fructose 6-phosphate
t  f _

Fructose 1, 6 -d iphosphate
t  f

Glyceraldehyde 3-phosphate  ̂ D ihvdroxvacetone phosphate
t  f

f t ,  3 -D iphosphoglyceric acid 
t  4- .

2 3-Phosphoglvceric acid
t  4

2 2 Phosphoglyceric acid 
t 4 _

2 Phosphopyruvic acid
, 4 4
2 Pvruvic acid
\  t.4 ■

2 Lactic acid
Fig. 2.8. T h e  reactions o f glycolysis

Oxygen is not required for glycolysis. Although tv'o of the 
individual steps are oxidoreductions, viz., the oxidation of 
glyceraldehyde-3-phosphate to 1-3 Diphosphoglyceric acid and 
the reduction of pyruvic acid to lactic acid, the participation of 
DPN in both these reactions results in no net oxidation or reduc­
tion. The net yield of energy liberated in the overall process 
of glucose to lactate may be computed from a balance of molecules 
of ATP consumed and regenerated per mole of glucose degraded 
to lactate. It is evident that 2 Mols. of ATP are utilised and



4 Mols. of ATP are regenerated. Out of a total energy of 
6,86,000 cal. per mole of glucose oxidised, only about 8 per cent 
of this, i.c., some 56,000 calories arc produced per mole glucose 
converted to lactate. Glycolysis takes place mainly in muscle 
during muscular contraction and in almost all tissues.

Oxidation of carbohydrates—Kreb’s tricarboxylic acid  
7  cycle

Undei' anaerobic conditions, pyruvic acid is converted into 
lactic acid but under aerobic conditions, pyruvic acid is oxidised 
through Kreb’s tricarboxylic acid cycle to CO„ and water. This 
scheme was originally discovered bv Krebs and co-workers.

The different steps in the Kreb's cvcle leading to the oxidation 
ot acetate arc shown in Fig. 2.9 and discussed below :

I’ym vic acid is oxidised to acetyl C o .\
I’yiuvic acid---- >-Acetyl C o A + C O j

The acetyl group of .Vcetyl Co.\ is oxidised through Kreb’s 
tricarboxylic acid cycle as outlined in b'ig. 2.9.

Oxaloacetic acid +  .Acetyl C o .\---- ^C itric acid
.t .

Malic acid C is-.\conitic  acid
I V

Fuinaric acid Iso-citric acid
. t . . V

Succinic acid-t-o^-Ketoglutaric acidx-Oxalosuccinic acid

Fig . 2.9. K re b ’s tricarboxylic  acid cycle

(1) Acetyl CoA reacts with oxaloacetic acid leading to the 
formation of citric acid

(2.) Citric acid is converted into Cis-aconitic acid
(3) Cis-aconitic acid is converted into iso-citric acid 
(-(■) Isocitric acid is converted into oxalosuccinic acid 
f.5) Oxalosuccinic acid is oxidised to K-kctoglutaric acid
(6) x-ketoghitaric acid is oxidised to succinic acid
(7) Succinic acid is convert, d into fumaric acid
(8) Fumaric acid is converted into malic acid
(9) .Malic acid is oxidised to oxaloacetic acid.

The oxaloacetic acid thus regenerated reacts again with another 
molecule of acetyl CoA and the cycle is repeated.



Alternate pathways o f carbohydrate m etabolism
The glycolytic pathway and the tricarboxylic acid cycle serve 

as the most important mechanisms whereby carbohydrates are 
oxidised to produce energy. However, alternate pathways 
for the metabolism of carbohydrates are known which serve 
not only to supplement the main ones, but also may provide a 
means for the oxidation or synthesis of metabolites which do not 
appear as an intermediate in the above pathways. The alternate 
pathways include (1) the hexose monophosphate shunt or the 
pentose phosphate pathway or phosphogluconate oxidative path­
way, (2) the glucuronic acid cycle, (3) the Enter-Doudoroff 
pathway and (4) the glyoxylate pathway. The last two occur 
mainly in microorganisms and hence will not be described here.

(1) The hexose ninnophosphate shunt or the pentose phosphate 
pathway: The extent of the role this pathway plays in the total 
metabolism of carbohydrates in the animal body is not completely 
known. In liver, the pentose pathway may account for as much 
as 60 per cent of the total carbohydrate oxidation. It also operates 
quite actively in adipose tissue but is less important in other organs 
or may even not operate in other organs and tissues. By this 
pathway, ribose is formed from glucose.

(2) The Glucuronic acid cycle: Ascorbic acid can be synthesis­
ed from glucose by animals other than man, guinea pigs and 
anthropods by this pathway. This pathway is not of much 
importance in men and guinea pigs.

The regulation of glucose level in blood
In the fasting stage, the blood contains about 80 to 100 mg. 

of glucose/100 ml. After a meal, the glucose level steadily rises 
and may reach a level of 130-150 mg/100 ml. but rarely exceeds 
180 mg/100 ml. in normal human subjects. If the ler̂ el reaches 
above 180 mg/100 ml. (Renal threshold level), glucose is excreted 
in urine as in persons suffering from the disease, diabetes rnellitus. 
The effect on the blood glucose level of taking 30 g. of glucose 
by mouth in the fasting state is known as the glucose tolerance 
test. This is described later in this chapter under diabetes 
rnellitus. In the fasting state, the blood glucose level is maintained 
constant by the break down of glycogen in liver into glucose.



Various hormones play important roles in maintaining the blood 
glucose at a constant level. These are discussed below.

(1) Insulin: Insulin is a hormone secreted into the blood In 
the beta-cells of the islets of Langerhans of the pancreas. The 
normal stimulus to insulin secretion is ingestion of carbohy­
drates. Injection of insulin brings down the blood glucose h \ el 
within a few minutes. Insulin increases the utilisation of glucose 
by the tissues. The bulk of current evidence favours the view 
that glucose is translocated from blood and extra cellular com­
partment to the intra cellular compartment, i.e. within the tissue 
cells. Sjmthesis of glycogen by liver and muscle and of fatty 
acids by liver and adipose tissue is enhanced; lactic and pyruvic 
acids are formed in greater quantities and a rise in the fasting 
respiratory quotient towards unity, indicating that large amounts 
of glucose have been utilised by the tissues for oxidation.

(2) Adrenaline: This is a hormone produced by the adrenal 
medulla. Injection of adrenaline produces a rapid but transitory 
rise in blood glucose by releasing glucose into circulation by the 
break-down of liver glycogen.

(3) Glucagon: This is a hormone produced by the alpha- 
cells of the pancreatic islets. Injection of glucagon causes an 
increase in blood glucose due to the break-down of liver glycogen.

(4) Cortisone: Cortisone and allied compounds produced bv 
the cortex of adrenal gland increase the formation of liver glycogen 
from protein and fat (glycerol of fat) and hence increase the 
potential supply of blood glucose.

(5) Hormones of the anterior pituitary: Growth hormone 
of the anterior pituitary has been studied in relation to 
carbohydrate metabolism. Injection of growth hormone mobi­
lises fat from the adipose tissue and also causes a rise in 
blood sugar level after a few days. In dogs, permanent state 
of diabetes mellitus can be produced by repeated injection of 
the growth hormone. Histological examination has revealed 
injury to the /3-cells, thus affecting the production of insulin.

Houssay made the important discovery that in animals from 
which the anterior pituitary and pancreas have been removed, 
diabetes could not be induced by the injection of growth hormone. 
These animals (Houssa}' animals) are extremely sensitive to in­
jections of insulin.



The regulatory mechanisms mentioned above are so balanced 
that they help to maintain the blood glucose level within normal 
range despite great variations in the rate of supply from the food 
and in the rate of utilisation by the tissues.

(^Hypoglycemia and Hyperglyce7iiia() If the fasting blood glu­
cose level falls below 80 mg/100 ml., the condition is known as 
hypoglycemia. If the level falls below 50 mg., convulsions may
occur.

Hyperglycemia may be dehned as a condition in which the 
fasting blood glucose increases over 180 mg/100 ml., the level at 
which glucose appears in the urine. Glucosuria is a condition 
in which "lucose is excreted in urine.

Diabetes m ellitus
Diabetes mellitus is a chronic disease characterised be a 

blood glucose level higher than 180 mg/100 ml. Numerous 
factors may be responsible for the disease. The most common 
factor is inadequate production and secretion of insulin by the 
beta-cells of the Islets of Langerhans of the pancreas. In many 
cases, the activity of insulin is inhibited by a number of factors, 
thus making the available insulin ineffective. A familial tendency 
to diabetes exists but the precise genetic factor and mode of 
inheritance are not known. The disease may appear at any age 
but about 80 per cent of the cases occur in adults over 50 years.

Insulin deficiency
Inadequate production and release of insulin from the ;S-cells 

of the Islets of Langerhans of pancreas will cause the following 
biochemical changes; (1) a reduction in the removal of glucose 
from blood and (2) increased breakdown of liver glycogen and 
release of glucose into blood stream. In support of this, histo­
logical changes have , been observed in the beta-cells in the 
majority of diabetics after autopsy. The other metabolic conse­
quences of insulin deficiency are as follows; Synthesis of protein 
is depressed and accelerated protein degradation takes place. 
With impairment of glucose utilisation in diabetes, the demand 
for energy is met by increased metabolism of fats and proteins. 
There is increased glucc neogenesis from protein with a greater 
excretion of nitrogen in the urine and a wasting of body tissues.



i'viuch of the glucose produced is also wasted in the absence of 
insulin. Less of oxaloacctate will be available for combining 
with acetyl CoA obtained from fat oxidation. The excessive 
mobilisation of lipid from body stores leads to lipemia and may 
result in fatty hver and development of atherosclerosis. In 
addition, there is increased production of ketone bodies as acetyl 
Co.A is not oxidised and ketosis occurs.

Antagonists to insulin
An insulin antagonist may be defined as a substance capable 

of interlering with the action of insulin. Such interference 
might occur in the synthesis of insulin in the pancreas or release 
into the portal circulation; an antagonist might increase the 
rate of degradation of insulin or modify or combine with cir­
culating insulin so as to inhibit its biological activitv. The action 
of several insulin antagonists is listed belo\v:

(i) Injection of growth hormones of anterim- pituitary can
produce permanent diabetes in dogs. A majority of 
persons suffering from over-activity of the anterior 
pituitary have diabetes mellitus.

[ii) Increased insulin sensitivity is an important feature of
Addison’s disease and of hypopituitarism and this can 
be corrected by the administration of corticosteroids, 
whereas many patients with Cushing’s syndrome are 
diabetic. The administration of cortisone to patients 
suffering from diabetes will usually raise further their 
blood glucose level.

(m) Adrenaline increases blood glucose by causing the break­
down of liver glycogen to glucose.

(tv) Thyroid hormone secretion in excess will aggravate 
diabetes.

(z;) An insulin antagonist associated with plasma albumin 
(the svnalbumin antagonist) has been demonstrated in 
normal plasma. It has been reported to be present in 
excess amounts in severe diabetes.

(vi) An enzyme known as imulinase is produced by liver and 
is present in the blood and other tissues. This in­
activates insulin. The insulinasc activity may increase 
in diabetes.



M etabolism of carbohydrate, protein and fat in diabetes 
m ellitus
In diabetes mellitus, carbohydrate metabolism is markedly 

disturbed; consequently, there is also disturbance in protein and 
fat metabolism.

Carbohydrate m etabolism
The excretion of sugar in urine is due to hyperglycemia. 

Hyperglycemia is due to (f) decreased oxidation of glucose, 
(it) decreased formation of glycogen in liver from dietary car­
bohydrates, (Hi) increased formation of carbohydrates from 
certain amino acids and glycerol of fat (increased gluconcogenesis).

Oral glucose tolerance test
The patient starves overnight. After emptying the bladder, 

a sample of blood is taken to determine the fasting blood glucose 
level and 50g. glucose dissolved in about 200 ml. of water is then 
given by mouth. Thereafter, blood and urine specimens are 
collected at half-hourly intervals for two hours and their glucose 
contents estimated. In normal persons, the findings will be 
as follows;

(t) the fasting glucose level in blood does not exceed 120 
mg/100 ml.

(ii) the level after the test dose does not exceed 180 mg/100 
ml.

(m) the level returns to the fasting level within two hours, 
and

(iv) glucose is not present in the urine collected during the 
test. In the diabetic subject, the fasting level will be 
over 130 mg/100 ml. After the glucose tolerance test, 
the glucose level in blood goes upto 300 mg/100 ml. or 
more and does not return to the fasting level in two hours.

Protein m etabolism  in diabetes m ellitus
Protein metabolism is seriously affected. There is increased 

breakdown of tissue proteins for energy
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nitrogenous portion of 13 of the 21 known amino acids and gly­
cerol are converted into glucose, while the non-nitrogenous 
portion of the remaining amino acids are converted into fatty 
acids or their break-down products. The formation of glucose 
from amino acids and glycerol of fat (neo-glucogenesis) is normally 
kept in check by insulin and is stimulated by diabetogenic hor­
mone. Owing to the absence of insulin in diabetes mellitus, the 
latter hormone acts unchecked with the result that excessive- 
amounts of glucose are formed from the oxidation products of 
amino acids. The evidences in support of the above view are: 
(?) Hyperglycemia and glucosuria persist in a severe case of 
diabetes even after fasting for a few days. As the glycogen 
stores will be used up on the first day of fast, the excess glucose 
present in blood and urine must therefore be derived from non­
carbohydrate sources, e.g. proteins and glycerol of fats by 
gluconeogenesis and (n) There will be negative nitrogen balance 
due to increased break-down of tissue proteins.

Fat m etabolism
The danger to the diabetic’s life arises from the excessive 

break-down of fats into the ketone bodies, e.g. aeetoacetic acid, 
acetone and beta-hydroxy butyric acid. Since liver glycogen 
stores and the oxidation of glucose by the tissues are decreased 
due to deficiency of insulin, fat is oxidised in large amounts in the 
liver to ketone bodies. This ketogenesis is normally inhibited 
bv insulin and stimnlated by diabetogenic hormone. Owing 
to excessive ketogenesis, the level of ketone bodies in blood in­
creases, as the tissues cannot oxidise the ketone bodies as soon as 
thej' are formed. There is a tendency to acedemia. Aeetoacetic 
acid and acetone are toxic when present in excessive amounts. 
They stimulate breathing, causing deep respiration, and de­
press the higher centres causing loss of conciousness (Diabetic 
coma).

Treatment
The treatment of diabetic patients consists in controlling the 

diet"and administration of hypoglycemic drugs or insulin.
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Diets for diabetic patients
Diet control is by far the most important factor in the manage­

ment of diabetes. The percentage of calorics derived from 
carbohydrates should be approximately 40-45 per cent, from 
proteins 20-25 per cent and the remaining 35-40 per cent from fat. 
An approximate range of calorie requirejnents for the various 
groups will be as follows; (/) An obese middle aged or elderly 
diabetic 1400 to 1600 KCal (//) An adult diabetic of normal 
body weight—1600-2000 KCal and {Hi) An young active diabetic 
2000-3000 KCal per day. In the case of obese subjects, the 
body weight should be reduced gradually while in the case of 
subject with normal body weight, the body weight should be 
maintained constant. In the case of diabetics who are under­
weight, the body weight should be increased to norjnal level.

Diets for diabetic patients providing varying amounts of 
calories are given in Table 2.6.

Carbohydrate):: The types of carbohydrates included can be 
starch, sucrose and fructose. The intake of carbohydrates 
should be restricted to provide 40-45 per cent of the calorie 
requirements.

Protein!:: The catabolism of proteins is increased in diabetes. 
Hence, the diet should include liberal amounts of proteins of high 
nutritive \ alue, e.g., egg, fish, meat and milk proteins. Studies 
carried out in India have shown that (1) incorporation of certain 
legumes in the diet, e.g., black gXcim {Phaseolus mungo) and field 
bean {Dolichos lahlab) tends to bring down the blood sugar level 
in diabetic patients and (2) addition of casein as calcium caseinate 
has been reported to bring down the blood glucose level to a 
significant extent. The protein intake of the subjects should 
be at least 2g/kg. body weight and should provide about 20-25 
per cent of the calories in the diet. The protein intake should 
be adequate to make up protein loss due to increased catabolism 
of tissue proteins and maintain positive N balance.

Fat: Since the lipids and cholesterol in scrum are increased 
in diabetes mellitus, dietary fat should consist mostly of vegetable 
oils rich in polyunsaturated fatty acids which will help to bring 
down the serum cholesterol level. The fat intake should provide 
about 35-40 per cent of the calories in the diet.
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Table 2.6 D ie ts  fo r  D ia b e tic  a d u lt s  (g /d a y /c a p u t)

Foodstuff HOOFICal IfiOOKCal ISOOKCal 200 iKCal 2.100KCal 2J00K.' ■al
V N V V NV V NV V NV V NV V NV

C ereals 90 90 n o n o 130 130 ISO ISO 170 170 200 200 WiOr)
Pulses
N u ts  rich in p ro tein  (g ro u n d n u t,

90 60 90 60 90 60 90 100 100 70 lOO 70 §

c ishrw nut etc.) 30 30 40 40 50 50 fO 60 70 70 80 80 >
Chec'^c 50 50 _ 50 50 - 50 50 _ <r.
A ilk, full fat 900 500 900 500 900 500 900 500 900 500 9U0 500 p
I'.gLS - one — one - one — one - one _ one
IVIca  ̂ and Fish - 100 - ino - 100 - 1(10 - 100 _ lOO o
X 'ecitables. green leafv 200 200 200 200 200 200 200 200 200 200 200 200 o
O th er Veyerables (excluding

roots and tubers) 200 200 200 200 200 200 200 200 200 200 200 2U0 >
F ats rich  in essential fa tty  acids o

(sesam e, soybean, safflower, 
niger and cottonseed oils) 20 20 30 30 40 40 50 .H) 60 60 70 70

X

B u tte r or ghee 10 10 10 10 10 10 10 10 10 10 10 10
H

P ro te in s (g) M 82 86 87 91 92 96 97 103 104 108 109
b

F at (g) 70 75 80 85 90 95 100 105 n o 115 120 125
C arb o h y d ra tes  (g) H 7 125 144 129 178 165 212 197 232 220 255 245



Insulin or oral hypoglycemic drugs

These must be administered under the advice of physicians. 
Administration of insulin helps the utilisation of carbohydrates 
and prevents the breakdown of proteins and excessive breakdown 
of fats. In the case of moderate and severe diabetes, it is essential 
to administer insulin according to the advice of the physician, in 
addition to the diet being controlled as suggested above.

Carbohydrate requirem ents

The body has a specific need for carbohydrates as a source 
of energy for the brain and other tissue cells, for the synthesis of 
lactose of milk (lactating women) and galactose and other sugars 
present in the cerebrosides, mucopolysaccharides etc. Carbohy­
drate is essential for the oxidation of fats and for the synthesis 
of certain non-essential amino acids. The percentage calories 
derived from carbohydrates in diets consumed by a vast majority 
of people in the developing countries is as high as 60-70 per cent 
while it is 40-50 per cent in Europe and 30-40 per cent in U.S.A. 
The carbohydrate calories should be at least 40 per cent in well 
balanced diets. The level of carbohydrate calories in the diet 
will also depend on the availability of fat and the economic con­
dition of the people as fat is about twice as costly as cereals on 
equicalorie basis in the developing countries and the per caput 
production of fat per day is low (10-15g). The optimal 
levels of carbohydrates in the diet, taking, into account the 
physiological needs for proteins and fats are given below:

Age group O ptim al 
(Calories as

level o f carbohydrates 
per cent o f total calories)

Adults 50-70

E xpectant and nursing  m others 40-60

Infants (1-12 m onths) 40-50

Preschool children  (1-5 years) 40-60

O lder children  and Adolescents 50-70
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C hapter 3

LIPIDS

The term lipid is applied to a group of naturally occurring 
substances characterised by their insolubility in water, greasy 
feel and solubility in some organic solvents. They occur widely 
in the plant and animal kingdom, e.g., oils and fats.

CLASSIFICATION

A. Simple lipids
Oils and Fats: Esters of fatty acids and glycerol. Oils are 

liquids at 20°C while fats are solids at 20°C.

B. Compound lipids

The compound lipids contain, in addition to fatty acids and 
glycerol, some other organic compounds.

(1) Phospholipids (Phosphotides): These contain phosphoric 
acid and nitrogenous base in addition to glycerol and fatty acids. 
(Lecithin, Cephalins, Plasmalogens, Sphingomyelins).

(2) Glycolipids: Complex lipids containing carbohydrates in 
combination with fatty acids and glycerol (Cerebrosides, Gan- 
gliosides and Cytolipin).

(3) Sulpholipids: These contain sulphuric acid in combination 
with glycerol in addition to fatty acids and sugars.

C. Waxes
Esters of fatty acids and long-chain aliphatic alcohols.

D. Derived lipids
Fatty acids, alcohols, and sterols.



CHEMISTRY

Simple lipids
Simple lipids consist of esters of fatty acids with glycerol. 

The Iritty acids commonly occurring in natural fats and oils con­
tain even number ot carbon atoms. Their cliemical structures are 
given in T;ibles 3.1 and 3.2. Fatty acids are broadly dic'ided into 
two main groups: (1) Saturated fatty acids and (2) Unsaturated 
fatty acids (containing one or more double bondsj. Fats and oils 
arc triglycerides as shown below where R.j R., and R̂  represent 
bitty acids. The fatty acid contents of some common fats and 
oils are given in Table 3.3.

C H ,~ 0 —OOC—R,

CH—O—OOC—R,

CIR —O— OOC—R,

Table 3.1 Saturated Fatty A cid s

.Molecular form ula C om m on nam e System atic nam e Structural form ula

Ĉ HjOj
C ,H ,,0 ,
QHi.O,
C,„Hj„0,
C ,d L ,0 .
C„H.,aO,
CmH3,0,OieI"l3fl02
02oH4o03

n-B utyric
Caproic
Caprylic
Capric
Laurie
M yristic
Palmitic
Stearic
.\rach id ic

n-Hexanoic 
n-Octanoic 
n-D ecanoic 
n-Dodecanoic 
n -T  etradecanoic 
n-Hexadecanoic 
n- Octadecanoic 
n-Eicosanoic

CH,(CH,)2C00H
CHilCHhjCOOH
C H jCCH,), C O O H
CHjlCtLlsCOOH
CH,(CH,),„COOH
CH ,(CH ,),,CO O H
CHsiCHOuCOOH
CHj (CH..)„COOH
CHalCHoJi.COOH

Table 3.2 U n saturated  Fatty A cid s

M olecular C om m on System atic N um ber o f double
formula nam e nam e bonds

Palmitolcic 9-He\*adecenoic 1
Oleic a.t-9-Octadecenoic 1
Elaidic ^rf7«v-9-Octadecenoic 1

C 43I I 3 .O 2 Vaccenic 11-Octadecenoic 1
lunolcic cis, m -9 , 12-Octadecadieuoic 2
i .inolenic 9 , 1 2 , 15-Octadecatrienoic 3
■ -linoicnic 6 ,9 , l2-O ctadecatrienoic 3
Eleostearic 9, 11, 13-Octadecatricnoic 3

^ 20  ̂^32^2 A rachidon ic 5, 8, 11, 14-Eicosatetraenoic 4



Table 3.3 P e r c e n ta g e  c o m p o s it io n  o f  fa tty  a c id s  in 
c o m m o n  o ils  a n d  fa ts

F a t 1C4-12 Cl4 Cl5 C 18 C 1 6 : 1 C18: 1* ClS:2* Poly-unsaturrued

B utter fat 1 1 8 26 11 3 33 4 2
C oconut oil 63 18 9 2 —  8 1.6
C orn oil 
C ottonseed

— — 8 2 1 30 56 2

oil 1 17 2 1 30 56 2
Egg fat 
G ro u n d n u t

— T  race 25 8 3 52 9 3

oil — T race 9 3 T race 65 17 T race
Olive oil ■--- 1 16 2 1 65 15 T  race
Ox fat — 3 29 21 3 41 2 T race
Pig fat ------- 1 28 15 2 47 4 3
R apescedoil — — 2 — —  28 15 59
Red palm  oil 
Safflower

— 2 35 5 T race 52 5 T race

seed oil — — 6 4 —  38 51 —
Sesam e oil — — 8 4 T race 45 41 T race
Soybean oil 
Sunflower

— T.”ace 10 2 T race 29 51 6

seed oil — — — — Trace 14 73 1
Sardine oil — 6.6 15.5 3 . 7 9.5 17.3 2.5 30.1

* Cl8;l =  01eic acid ; * C l8 :2= L inoleic  acid.

Prpperties of fats

(1) Solubilitv: Fats are soluble in ethyl ether, petroleum ether, 
acetone, hot alcohol and benzene. The quantity ol fat present 
in food materials is usually determined by extraction with ethyl 
ether or petroleum ether.

(2) Saponification value (Saponification number!: The 
saponification value is defined as the number ol milligrams of 
potassium hydroxide required to saponify 1 g. of fat or oil.

(3) Iodine value (Iodine number) is a measure ol the extent 
of unsaturated fatty acids present in fats and oils. It is defined 
as the number of grams of iodine absorbed by 100 g. of fat.

(4) Reicherl-Meissl value: This is defined as the number cf 
millilitres of O.IN alkali (sodium or potassium hydroxide) required



to neutralise the steam volatile water soluble fatty acids present in 
5 g. sample oi fat. The test determines the amount of butvric 
acid and caproic acid which are readily soluble in water and a part 
of caprylic acid which is slightly soluble in water.

(5) Thiocyanogen value: The thiocyanogen number is the 
amount of thiocyanogen absorbed b\ one hundred grams of fat 
or oil. It has been found that thiocyanogen reacts n ith the un­
saturated linkage in oleic acid, with only one of twe unsatarated 
linkages in linoleic acid and two of the tliree unsaturated linkages 
in linolenic acid. When used in conjunction with iodine value, 
the thiocy^anogen value can be used to estimate the quantity of 
oleic, linoleic and linolenic acids in a fat or oil. Data for some 
chemical constants for certain fats and oils are given in Table 3.4.

Sterols

The sterols comprise one of the important groups of lipids. 
They possess a cyclic structure i.e. cyclopentenophenanthrene 
ring with one secondary alcoholic group. In nature, they occur 
in the free state and as esters with fattv acids. Sterols are 
classified as follows : (f) Animal sterols e.g. cholesterol (it) Plant 
sterols e.g. phytosterol and (m) Mycosterols e.g. ergosterol.

Cholesterol: The chemical structure of cholesterol is given 
in Fig. 3.1. It occurs in all animal and human tissues. 'The 
white matter of the brain contains about 14 per cent cholesterol 
while the grey matter contains 6 per cent on dry basis. Large 
amounts of cholesterol are also present in sebum secreted by 
the sebaceous glands.

CHj\  y' 'i 
CH CH,

B'ig. 3.1 C h o lestero l



Table 3 .4  S o m e  C h em ic a l C onstants for cer ta in  Fats a n d  O ils

N am e of Refractive Iodine Saponifica- R .M . Special
O il o r fat Index Value tion  value Value characteristics

Arachis or 1.4628- 83-101 190-196 0.5 C ontains arachidic
g roundnut oil 1.4645 acid
Beef tallow 1.4573-

1.4587
38-44 193-200 0.5

B utter fat 1.459- 26-38 220-232 23-25 C ontains butyric
(Cows) 
B utter fat

1.462
30-36 222-234 20-24

acid

(Buffalo) 
C astor Oil 1.4705-

1.4720
82-90 177-187 0.2-2.3

Coconut oil 1.4486-
1.4492 8-9 255-260 6-8

Codliver Oil 1.4700-
1.4730

155-170 182-188 0.1-0.6

C orn Oil 111-128 187-193 4.3
Cottonseed Oil 1.4646-

1.4653
105-112 191-195 0.7-0.9 H alphen  reaction

L ard 1.4588-
1.4620

53-65 195-196 0.5-0.8

Linseed oil 1.4725-
1.4748

175-200 187-195

M utton  tallow 34-46 192-195
M ustard  Oil 1.4655-

1.4670
115-126 174-180

Nigersced Oil 120-125 186-194
Olive Oil 1.4605-

1.4635
79-88 189-196 0.9-1.2

Rape seed oil 1.4652-
1.4659

97-105 170-177

Rice Bran oil 97-104 185-194
Safflower seed 
oil 138-144 187-192
Sesame Oil 1.4650-

1.4675
103-115 188-193 B u d o in T est

Soybean O il 1.4675-
1.4682

130-136 190-193 0.6-0.8

Sunflower 1.4669-
seed oil 1.4684 120-130 189-193
Vanaspathi 60-68 190-196 Contains sesame o il
(H ydrogenated and answers B udoin
groundnut oil) T est



C o m p o u n d  L i p i d s

I he important compound lipids present in animal and 
human tissues are given below. 'I’hey occur in large amounts 
in nervous tissues and in small amounts in other tissues. 
The concentration ot compound lipids in brain is given below :

C on centration  o f  c o m p o u n d  lip id s  in  brain  
(g/100 g  fresh  tissu e)

C o n stitu en t G rey m atter W hite m atte r

T o ta l lip ids 4.5-—7.6 13.6— 22.4
T otal phospholip ids 3 .2--4 .4 6.0—8.9
Cholesterol 0.7— 1.3 3.5—5.6
G lycolipids 0 .4 -1 .8 3 .8 -7 .2
Sphingom yelins 0.4— 1.8 1.6—4.2

Phospholipids
The important members of this group are lecithin, cephalin, 

plasmalogens, phosphoglycerides and phosphoinositides.
Lecithin: Contains glycerol, phosphoric acid, choline and 

fatty acids.
Cephalin: Contains glycerol, phosphoric acid, ethanolamine 

and fatty acids.
Phosphatidyl serine: Contains glycerol, phosphoric acid, 

serine and fatty acids.
Plasmalogens: These differ from lecithin and cephalin in 

that one of the fatty acids is replaced by a unsaturated
ether. They arc present in brain and heart.

Phosphoglycerides: 'I'hev contain 3 molecules of glycerol and 
2 molecules of phosphoric acid. An example is cardiolipin, 
originally isolated from heart muscle.

Phosphoinositides: 'I’hcse compounds contain 1 molecule of 
glycerol, 1 molecule of inositol, 2 molecules ot tatty acids and 
1-3 molecules of phosphoric acid. They are present in brain.



Sphingom yelins
They contain a complex amino alcohol called sphingosine, 

choline, fatty acid and phosphoric acid. I'hey are present in 
brain and other tissues.

G lycolipids
'I’he important members of this group are cerebrosides, 

gangliosides and cytolipins.
Cerebrosides: 'I’hey contain hexoses (galactose or glucose) 

one fatty acid and the amino alcohol, sphingosine but no 
phos}ihoric acid or glycerol.

Gangliosides: These compounds contain sphingosine, fatty 
acids, hexoses (galactose or glucose) and neuraminic acid.

Cytolipins: These contain fatty acids, sphingosine, glucose 
and galactose.

Sulpholipids
These contain sphingosine, 

sulphuric acid and potassium.
galactose, cerebronic acids,

- Refined .'tND H ydrogenafed Fats

The crude oils and fats obtained by the expeller process 
or using village ghanis are widely consumed by the people. In 
addition, a fair quantity of the edihle oils is sold in the form of 
refined and hydrogenated fats. The process of refining and 
hydrogenation is given below:

Refi?ied Oils: The process of preparation of refined oil 
consists of the following steps; (1) alkali refining to remove free 
fatty acids, (2) bleaching with fullers earth or activated carbons to 
remove colouring matter and (3) deodourisation with super­
heated steam. The refined oils thus obtained are free from odour.

Hydrogenated Oil: The refined oil obtained as described 
above is hvdrogenated under optimal temperature and pressure 
in the presence of Nickel catalyst. During the process of hydro­
genation, hydrogen is added to the unsaturated linkages. The 
changes in the unsaturated fatty acids taking place are as follows:
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Oleic acid H ydrogenation

Linoleic acid

L inolenic acid -

O leic acid 
Iso-oleic acid

j Linoleic 
/ Iso-linol

L inoleic acid 
inoleic acid

Stearic  acid. 

S tearic  acid

Oleic acid 
Iso-oleic acid

The liquid fat becomes a solid fat and the unsaturated fatty 
acid contents decrease as a result of hydrogenation. Vanaspathi 
sold in India consists mostly of h\ drogenated refined groundnut 
oil. Small amounts of refined cottonseed oil or soybean oil 
may be mi.Ned with groundnut oil before hydrogenation. Since 
it is used as a substitute for ghee, Vanaspathi has been fortified 
with Vitamin-A. According to the Government Food Act, 
addition of sesame oil at 5 per cent level to \hrnaspathi is obli­
gatory. Vanaspathi containing sesame oil gives a positive 
Budoin’s Test.

>7 Fats}R.a n c id it y  I>7

The development of off-flavours in fats is known as rancidity. 
There are three main types of rancidity—(a) Hydrolytic, (b) 
Oxidative and (c) Ketonic.

Hydrolytic rancidity: Hydrolysis of fats by lipase need not 
always produce off-flavours. In the case of butter fat and 
coconut oil, butyric acid and other low molecular weight fatty 
acids are set free by hydrolysis by lipase. The odours of these 
acids contribute largely to the smell of rancid butter. The higher 
fatty acids such as palmitic and stearic acids have little odour.

Oxidative rancidity: This is the common type of rancidity 
observed in all fats and oils. The oxidation takes place at the 
unsaturated linkage. Certain metals e.g. copper, hasten the 
onset of oxidative rancidity. The addition of oxygen to the 
unsaturated linkage results in the formation of a peroxide which, 
on decomposition, yflclds aldehydes and ketones having pro­
nounced off odour.

Ketonic rancidity: This type is most frequently encountered 
as a result of action of such fungi as Aspergillus niger and blue- 
green mould, PencilUuni glaucum on coconut or other oilseeds.



The tallowy odour developed may be due to aldehydes and 
ketones formed by the action of the enzymes present in the fungi 
on oil.

Tests for rancidity
The important tests for rancidity are (1) Determination of 

Peroxide Value, (2) Determination of Carbonyl compounds, 
and (3) Thiobarbituric acid test (TBA).

Peroxide value: The quantity of iodine liberated when rancid 
fats react with potassium iodide in acetic acid solution is a 
measure of the peroxide value.

Carbonyl compounds: The carbonyl compounds, i.e. aldehy­
des and ketones are measured colorimetrically by reaction 
with 2:4 dinitrophenyl hydrazine.

Thiobarbituric acid test: When rancid fats react with thiobar­
bituric acid, a red colour is produced. The compound which 
reacts with thiobarbituric acid has been identified as malonal- 
dehyde.

[ Reversion)
Many refined oils undergo change in iiavour before the 

onset of rancidity. This process is known as ‘reversion’. It 
has been observed that oils containing linolenic acid and other 
unsaturated fatty acids having three or more unsaturated linkages 
develop off flavour due to ‘reversion’. This is due to the fact 
that such fatty acids undergo oxidation rapidly ŵ hen exposed to 
air and decomposition products formed contribute to the off 
flavour.

E s s e n rr.4 L  E '. '.t t y  i V r t o s

The term ‘Essential fatty acid’ (EFA) was introduced by Burr 
and Burr in 1930 for linoleic acid. They found it to be essential 
for the growth and health of young albino rats. Later they showed 
that linoleic acid was also effective in curing fat deficiency synd­
rome in rats. Turpeinen (1938) reported that arachidonic 
acid was highly effective in promoting growth in rats on a fat- 
free diet. The relative biological activities of the different 
essential fatty acids are given below:



Fatty  acid No. of double bonds Biological activity 
(growth)

Linoleic acid (18c) 2 100
Linolenic acid (18c) 3 9

y-L inolenic  acid (18c) 3 100
A rachidonic acid (20c) 4 131
11, 14-Eicosadienoic acid (20c) 2 43

The essential fatty acid contents of some fats and oils are given 
in Tables 3.5 and 3.6. Data regarding the ratio between poly­
unsaturated fatty acids and saturated fatty acids (P/S ratio) of 
some fats and oils are given in Table 3.7.

Table 3.S T h e re la tiv e  a m o u n ts o f  e sse n tia l fatty a c id s  in  v e g e ta b le  
fats a s  d e te rm in e d  by a n a ly sis  an d  by b io a ssa y

Vegetable fat 
or oil

Values by analysis T o ta l essential fatty 
acids by bioassay 

per centL inoleic acid 
per cent

Linolenic acid 
p er cent

Alm ond 19.9 0
Avocado 10.3 0 —

B eechnut 38.0 2.9 30.1
C astor oil 3.6 0 3.8
Cocoa bu tter 21.1 0 2.2
Coconut 2.6 0 1.1
Corn 39.1 0 —

C ottonseed 50.4 0 48.5,48.0
H em psecd 68.8 24.3 —

Kapoksced 31.3 0 26.9
Linseed 43.0 40.0 25.6
N iger 53.5 — —

Olive 15.0 0 15,8
Palm 10.9 0 10.6
Palm  kernel 0.7 0 1.5
Peanut 27.4 0 31.1
Poppyseed 62.2 — —

Rapeseed 29.0 3.5 17.3
Rice bran oil 32-0 1.0 —

Safflower 78.0 0 78.8
Sesame 40.4 0 28.2
Soybean 58.8 8.1 62.4
Sunflower 68.0 0 55,65
W alnut 75.5 10.0 —

W heat germ 52.2 3.5 52.9



Tabic 3.6 T he re la tiv e  m a x im u m  a m o u n ts  o f  e sse n tia l fatly  
in  h y d rogen ated  fat, m ilk  fat and  a n im a l fat a s  d eter ­

m in e d  by a n a ly sis  and  by b ioassay

a c id s

Values by analysis
■ •

Fat Linoleic Linolenic 
acid acid 0 • 0/70 /O

■\rachidonic
acid
%

T otal essential 
fatty acids by 

bioassay 
%

Hydrogenated fa ts  
C oconut oil 0 0 0 0
Vanaspati (G roundnu t oil) A.-) — — —

M argarine oil 4.8 0 0 4.1
Shorten ing  (non-selective) 6.8 0 0 13.2

M.ilk fa t
M ilk fat (cow) 5.8 0 0.4 —

.Vlilk fat (goat) 1.5 0 0 —

M ilk fat (hum an) 7.9 5.4 0 —

M ilk fat (buffalo) 1.8 0 0 _
^  «)
H um an and aninud body fa t

H um an  bodt’ fat 11.0 0 1.0 —

Goose body fat 19.3 0 0 —

H en body fat 21.3 0 0.6 —

Ox body fat 5.3 0 0.5 1.5
Fig body fat 15-26 0.5 — —

Sheep body fat 5.0 — — —

Fish Oils
Codliver oil 1.2 0.8 3.2 3.9
H erring  oil 4.3 3.4 3.4 7.9
Sardine oil 2.5 1.3 2.5 —
W hale oil 2.0 0.8 4.1 6.4

[physiological and biochemical functions: Deficiency of essential 
fatty acids leads to cessation of growth and development of scaliness 
of the skin, and haemorrhages on the tail. Scales also develop 
on the dorsal and plantar surface of the feet and around the ears. 
Hair is lost from the face and around the back. Blood may 
appear in the urine. Essential fatty acid deficiency affects 
adversely (I) reproduction and lactation (2) integrity of the cell 
membranes and cells, (3) certain enzyme systems, (4) transport 
of cholesterol and (5) water balance.



Table 3.7 T h e polyu n satu rated  and  sa tu ra ted  fatty  a c id  c o n ten ts  
and th e  P S ratio* o f cer ta in  c o m m o n  food  fats and  

o ils  (per c en t  o f  total fa tty  a c id s)

P o ly -u n s u tu ra - ■Saturated M o n o  u n s a tu -
P /S *
ra t ioF o o d te d  f a t ty  a c id s  

%
fa ttv  acid.s

'7o
ra tc tl  f a t tv  a c id s  

%■

B u t te r 3 60 37 0 .05
L a rd 12 40 48 0 .3 0
C o c o n u t 2 92 6 0 .02
C o r n .S5 12 33 4 .5 8
C o tto n s e e d 52 26 22 2 .0 0
I n n se e d 83 10 7 8.3
.N iger 54 9 37 6 .0 0
0 1 i \ e 5 9 86 0.55
P a lm  k e rn e l 1 85 14 0.01
P e a n u t 31 19 50 1 .63
S a fflo w e r 75 7 IS 10.71
S e s a m e 43 14 43 3 .07
S o y b e a n 64 18 18 3.56
S u n f lo w e r 53 12 35 4 .42
E g g  fa t 14 34 52 0.41
B e e f  fa t 3 43 54 0 .07
L a m b  fa t 3 59 3S ('.05
P o u l t ry  t a t  (c h ic k e n

a n d  tu rk e y ) 22 30 48 0 .73
,, D u c k 31 26 43 1.19

I’o r k  fa t 10 39 51 0 .26
S a r d in e  oil 3U 26 44 1.16

* R a tio  b e tw e e n  p o ly u n s a tu r a te d  a n d  .s a tu ra te d  fa t ty  a c id s .

Ejfects of essential fatty acid deficiency in hmnan beings: Pliiyno^ 
derma: One of the common disorders of malnutrition observed 
in adults and children in India and many other developing coun­
tries is (Phrynoderma’ or ‘toad skii^ This condition was first 
described by Nicholls in 15133 in Ceylon and subsequently bv 
several workers in India. (f]̂ he condition is characterised by the 
presence of horny papular eruptions on the posterior and lateral 
aspects of the limbs, on the back and buttocksJ^ Earlier workers 
have reported that phrynoderma could be cured by cod liver 
oil or vitamin A concentrates. Recent studies by Gopalan and 
associates have shown that phrynoderma is cured rapidly by the



administration of linseed or safflower seed oil rich in essential 
fatty acids (EFA) along with vitamins of the B.,-complex but 
not by vitamin A.

Deficiency in infants: Hansen and co-workers have reported 
that infants fed on a EFA deficient diet developed perianal 
irritation and changes in the skin within a few weeks. The skin 
changes appeared as dryness, thickening, and desquamation with 
oozing in the intertriginous folds. Supplementation of the diet 
with linoleic acid restored the skin to normal condition within 2 
weeks.

importance of fa t in the diet^  Imt has several important 
functions (f) It is a concentrated source of energy, yielding more 
than twice the energy supplied by carbohydrate per unit weight, 
(ii) Fats are essential for the absorption of vitamins A, D, E, K and 
especially carotenoids (provitamin A) present in foods of vegetable 
origin, (Hi) Some animal fats e.g., fish liver oils, butter and ghee 
contain vitamin A and many vegetable fats contain vitamin E 
and red palm oil is a good source of carotene (Provitamin A), 
(tf) Fats contain essential fatty acids, viz., linoleic, linolenic and 
arachidonic acids which are essential for maintaining the tissues 
in normal health.' (ti) Fats help to reduce the bulk of the diet as 
starchy foods, absorb lot of water during cooking, (vi) Fats improve 
the palatability of the diet and give a satiety value, i.e., a feeling 
of fullness in the stomach, (vii) Fats are essential for the utilisa­
tion of galactose present in lactose, (viii) Phosphatides and other 
complex lipids arc essential constituents of nervous tissue, and 
(ix) Fats are deposited in the adipose tissue. This deposit serves 
a reserve source of energy during starvation. Further, adipose 
tissue functions like an insulating material against cold and physical 
injury.

The dietary fats should be a good source of essential fatty 
acids and hence at least 50 per cent of the dietary fat should be 
vegetable oils rich in EFA. Tire approximate optimal fat require­
ments for different age groups are as follows:

■ \d u l ts ,  e x p e c ta n t  a n d  n u r s in g  
m o th e r s

C h i l d r e n  a n d  a d o le s c e n ts  (1 -1 8  
y e a r s )

In fan ts  b ir th  to 1 year

1 0 -2 0 %  o f  t h e  to ta l  c a lo r ie s  f ro m  fa t

15-20%  „

25-30% „



D i g e s t i o n  a n d  A b s o r p t i o n  o f  F a t s

Flit is not digested in the stomach. The presence of fat in 
the diet delays the emptying of the food from the stomach. This 
may he responsible tor the feeling of satiety after a meal rich in 
fat. In tire du(;denum, where pancreatic juice and bile arc 
secreted, the digestion of the fat begins, bile salts and small 
cfuantities of fatty acids andmonogl^xerides liberated by pancreatic 
digestion help in the emulsification of fat. Lipases present in 
the pancreatic and intestinal juices hydrolyse fats into fatty acids, 
diglvcerid js, monoglycerides and glycerol. Hydrolysis often 
stops at the monoglyceride stage.

TIte products of digestion pass into tire cells of the mucous 
membrane of the intestines. Within the cells, synthesis of new 
triglycerides characteristic of the animal species takes place. The 
resvntlresised triglycerides enter the lacteals of the small intestines 
as small particles known as chylomicrons. The chylomicrons 
pass through the lacteals and mesenteric lymph vessels, enter the 
thoracic duct and join the systemic cirerdation. A major part 
of tire fat absorbed enters the circulation via the thoracic 
duct. A small paid, consisting mostly of shoit chain fatly acids 
ma/ reach the liver via the portal circulation.

The phosphatides are hydrolysed by the enzymes secreted 
by the intestines and absorbed. A degree of selectivity is 
exhibited by the intestinal mucosa in regard to the absorption 
or sterols. Of the dietary sterols, only cliolesterol is readily 
absorb, d. Phytosterols present in plant foods and I'egetable fats 
and oils are not absorbed to any appreciable extent.

vipids of the feces—Steatorrhe^
Lipids present in the feces consist of (i) small amounts of 

unabsorbed food fat and (fi) lipids excreted in bile or pancreatic 
juice. Wiicn excessive amounts of lipids are present in the stools, 
the conditiem is known as Steatorrhea. Three important types 
of disturbances may lead to this condition (;) absence of bile, 
(/;) inadequate secretion of pancreatic juice and [Hi) defective 
absorption by the intestinal mucosa. The steatorrhea due to bile 
insuiiiciency is usually recognisable by the presence of excessive 
amounts of digested and undigested fat. The lack of bile



pigment in the feces helps in classification. The steatorrhea which 
results from deficiency of pancreatic juice is characterised by the 
presence in the stools of excessive amounts of undigested fat. 
In diseases of the intestinal tract such as celiac disease in children 
or sprue in the adult, the steatorrhea is due to the failure of absorp­
tion of the hydrolysed fat. The fipids in the feces consist pre­
dominantly of fatt^' acids and their salts.

T r -'.n s p o r t  o f  L i p i d s  i n  t h r  B l o o d

Chylomicrons are removed from the blood mainly by the 
liver and adipose tissues. In the liver, chylomicrons are broken 
down and resynthesised into triglycerides and phospholipids. 
Fat leaves the liver in two forms (i) in the form of minute particles 
(average diameter 70 in/r) known as secondary particles and («) 
as lipoproteins.

Normal human blood plasma in the post absorptive state 
contains about son mg. of total lipids per 100 ml. of which about 
one-tpiarter is triglycerides. There are 180 mg. or more of 
cholesterol of which about two-thirds is esterified with fatty acids. 
Phosphatidcs comprise about LSO mg. per 100 ml. Free fatty 
acids (non-esterified fatty acids—NEFA) are present to the e.xtent 
of 8 to 20 mg. per 100 ml. Tliese fatty acids irave a high metabolic 
turnover ratio.

Plasma contains lipoproteins which arc concerned in the 
transport of fat. Two groups of lipoproteins namely alpha and 
beta lipoproteins have been separated. They are synthesised 
in the liver. In plasma and serum, all lipid constituents including 
phosphatides and cholesterol exist mainly as alpha and beta 
lipoproteins. Alpha-lipoproteins contain about 30 per cent and 
beta-lipoproteins about 70 per cent of the blood lipids. The 
cholesterol of alpha-lipoproteins exchanges rapidly with chylomi­
cron cholesterol indicating that the newly absorbed cholesterol 
may be conveyed to the liver by way of alpha-lipoproteins. An 
elevation of bcta-Iipoproteins in plasma indicates the possibility 
of development of atherosclerosis.

N o n - e s t e r i f i e d  F .^ t t y  .A.c i d s  (NEFA) i n  B l o o d

Lipid is mobilised from the adipose tissue in the form of free 
fatty acids. These are transported in lose combination with



serum albumin. The level of NEFA, in blood provides a rough 
index of rates of fat mobilisation. The fasting level of XEFA, 
in plasma is about 0.5 m-mole/1 (i.e., about 128, mg fatty acid/ 
litre). The rate of turnover of NEFA is high. The level of 
NEFA is very sensitive to the nutritional state. After a meal 
or test dose of glucose or injection of insulin, the level is reduced 
to 0.25 m-mole/1 or less. In starvation, NEFA, rises slowly 
m plasma and may be 1-m-mole/l or even more as fat is mobilised 
and used as energy during starvation.

F I y p e r l i p i d e m i a

Hyperlipidemia is a non-specific term referring to conditions 
in which one or more lipid components of the serum is present 
in abnormally high amounts. They may be broadly grouped 
under two heads—(f) Hypertriglyceridemia with hypercholes­
terolemia and (ii) Hypercholesterolemia with normal triglyceride 
concentration.

H ypercholesterolem ia
In this condition, the level of cholesteiol in serum is ver\' 

high. The normal levels of plasma cholesterol in children and 
adults lie between 120 and 160 mg. per 100 ml. Clinical experi­
ence has shown that atherosclerosis and coronary heart disease 
are minimal and intravascular thrombosis is rare when the blood 
cholesterol level is below 190 mg/100 ml. In countries where 
the blood cholesterol level is over 220 mg. per 100 .ml. in middle- 
aged males, the incidence of coronary heart disease is high. 
Changes in total serum cholesterol usually reflect changes in the 
beta-lipoprotein concentration. The concentration of alpha- 
lipoproteins is quite constant and does not correlate with proness 
to atherosclerosis. The amount and kind of fat in the diet are 
the most important factors controlling the levels of cholesterol 
and beta-lipoproteins in blood. About 30 per cent of plasma 
cholesterol is in the alpha and 70 per cent in the beta-lipoprotein 
fractions. The cholesterol/phospholipids ratio is about 0.50 
in alpha-lipoproteins and 1.34 in beta-lipoproteins.

Diet and serum cholesterol: Many factors influence the 
serum cholesterol level. The most important of these '; are:



(1) calorie intake, (2) cholestv.ro! intake (3) fat intake and (4) quality 
of fat. Low calorie intakes tend to reduce serum cholesterol 
level while calorie excess tends to increase the same. The dietary 
intake of cholesterol in human adults consuming large amounts 
of fat from milk and foods of animal origin may vary from 500 to 
1200 mg. per day. Data regarding the cholesterol content of 
foods are given in Table 3.8. The adult b(jdy synthesises, 
daily about 2000 mg. cholesterol. In a person with a tendency 
to hypercholesterolemia, dietary cholesterol intake should be 
restricted. The quantity of fat consumed influences serum 
cholesterol levels, the level being high in populations consuming 
excess of fat. The quality of fat has a profound influence on 
serum cholesterol level, saturated fats tending to increase and 
polyunsaturated fats tending to decrease scrum cholesterol levels.

i^therosclerosis^is a general term denoting a number of 
different processes which produce thickening of the arterial wall.

Table 3 .8  C h o l e s t e r o l  c o n t e n t  o f  f o o d s

F o o d s C h o le s te ro l  x- i 
1 A h o o d  s m g / 100  g

C h o le s te r o l  
m g /1 0 0  g

Dairy Products
H u tte r 28 0 R a b b it 50
G h e e 310 V ea l 100
C h e e se , S w iss  P ro c e ss e d 145 B e e f, l iv e r 26 0
C h e e s e , A m e r ic a n  p r o c e s s e d  160 C a lf , l iv e r 36 0
C r e a m , p ro c e s s e d 140 L a m b , l iv e r 61 0
M ilk , w h o le  ( fre sh ) 11 P o r k ,  l iv e r 4 2 0

,, s k im m e d  (fre sh ) 0 .4 B ra in 2 0 0 0
,, p o w d e r  (w h o le ) 88 H e a r t 150
,, p o w d e r  (sk im m e d ) 0 .4 K id n e y 375

P a n c re a s 2 5 0
Poultry products

K gg , H e n  (w h o le ) 408 Animal Fats
Y o lk

„  W h i te
1330

0 L a r d  a n d  o th e r  an im a l fa ts  95

,, w h o le  (d r ie d )  
,, C h ic k e n , d a r k

3 ''0 0  
6 0 Fish and Sen foods

,, l ig h t 90 C o d 50
C ra b 145

Flesh foods: F ro g 40
B eef, r o u n d  le a n 95 L o b s te r 200

,, r o u n d  m e d iu m  fa t 125 M a c k e re l 80
D u c k 70 O y s te rs 200
I /a m b 70 S a r d in e 70
P ig e o n 110 S h r in tp s 150
P o rk 6 0 T u n a 65



Alarclvand defined the term Atlterosclcrosis to designate tlic soft 
amorphous lipid accumulation in the intima. The lesions are 
iisualh’ scattered in distribution and are loca.lised. They consist 
of internal plaques which are formed by connective tissue pro­
liferation and the deposition of lipids. The lesion tends to 
enlarge encroaching upon the lumen, causing tire formation of 
thrombus. Progression of the atherosclerotic process results 
in narrowing of the blood vessel with resultant intra.vascular 
thrombosis. The main pathological changes in advanced athe'ros- 
elenrsis are {i) hyalinised base on the plaque, (//) presence of a 
large mass of amorphous cholesterol and lipids in tire plaque, {Hi) 
surhice ot the plaque composed of compact fibrous tissue, (h ) 
calcium deposition in the centre of the plaque, usuallv in the form 
ot line granules, (n) slight marginal vascularisation, ((7') fragmenta­
tion or frequent absence of internal elastic lamina and (tvV) 
moderately thin, occasionally vascularised, media with loss of 
muscle fibres and increased fibrosis below the plaque. The 
important dietary factors contributing to the development of 
atherosclerosis are (1) consumption of large amounts of saturated 
fats, e.g., butter fat, coconut oil, etc., (2) consuiiiplion of large 
quantities of milk and animal foods rich in cholesterol and (3) 
e.xc.essive calorie intake, leading to obesity. These factors in­
crease the lipid and cholesterol contents of blood, leading to the 
development of atherosclerosis. In addition, lieretlitv and hor­
monal factors are also involved in the causation of atherosclerosis.

Sinrnge of fat {Adipose tissue): Fat is stored in adipose tissues. 
In noiMual human subjects, about P) to 1,5 per cent of the bodv 
weight consist of adipose tissue. It ma\' increase upto 30 per cent 
in very obese persons. Ihit, after absorption, is transported in 
the blood to adipose tissues in the form of cliclomicrons and from 
liver as .secondary particles and lipo-proteins. The composition 
of the adipose tissue fat is ch.aracteristic of eaclr animal species and 
has very little relation to the composition of dietaiy fat, Fxccssb e 
consumption of dietary fat influences to a considerable extent the 
composition of adipose tissue fat. The deposition and mobilisation 
of fat in the adipose tissue proceeds at rates '.shich arc 
dependent on tlie fat and energy content of the last meal and the 
imimdiate need for energy for physical and other activities. 
The main iunctions of adipose tissue fat are (/) to serve as a reser- 
A'oir of energy especially during stanattion, (/;) as an insulating



U, etc., it is possible to isolate prot

ripitation. By increasing th 
moniuin sulphate, it is p 

min from globulin.
The name ‘Protein’ was suggested by iVrJ*;ier in 1838 to the 

complex organic nitrogenous substances found in animal and 
plant tissues. Proteins constitute about three fourths of the 
animal body on moisture-free basis. They are essential for 
life processes. They play an important role in many biochemical, 
biophysical and physiological processes in the body. Most 
of the enzymes are protein^ There is hardly an important 
physiological function in which proteins do not participate. 
The important functions of dietary proteins are: (1) to replace 
me daily loss of body proteins, (2) to provide amino acids for 
the formation of tissue proteins during growth, (3) to provide 
the amino acids necessary for the formation of enzymes, blood 
proteins and certain hormones of protein nature and (4) to provide 
amino acids for the growth of foetus in pregnancy and for the 
production of milk proteins during lactation.

C h e m i c .'vl C o m p o s i t i o n

Proteins contain carbon, hydrogen, nitrogen and sulphur 
and some contain also phosphorus. Proteins are large molecules 
formed from the combination of a large number of simpler 
substances known as amino acids. The nitrogen content of 
proteins varies from abcut 14 to 20 per cent and in most of the 
proteins, the value is near about 16 per cent. This average 
figure of 16 per cent is used commonly for converting nitrogen 
content of foodstuffs or tissues into proteins by multiplying by 
the factor 6.25 (100/16). This factor, however, varies with differ­
ent proteins as shown in Table 4.1.

P r o p e r t i e s  o f  P r o t e i n s

Amphoteric nature: Like amino acids, proteins are ampholites,
i.e., they act as both acids and bases. Since proteins have electric 
charges, they migrate in an electric field, the direction of migration 
'epending on the net charge on the molecule. For each protein.



are optically active and possess L-confiy'aration. The aniino 
acids naturally occurring in proteins have been broadly classified 
under the following heads; (1) Monoaniino-inonocarboxylie 
acids (2) Monoamino-dicarboxylic acids (3) Diamino-mono­
carboxylic acids (4) Sulphur containing amino acids and (5) 
Aromatic and heterocyclic amino acids.

1. Movoaviino-monocayboxyUc acids':
Glycine:—Amino-acetic acid 
Alanine:—^-amino-propionic acid.
Valine:- -o(-amino-/3’-methvl-n-butyric acid.
Leucine:—o(-amino-y-methyl-n-valeric acid.
Isoleucine :■—o(-amino-/3-methvl-n-valeric acid.
Norleucine :■—=^(-amino-n-caproic acid.
Serine :■—<=(-amino-/^-hydroxy-propionic acid.
Threonine:-—o(-amino-/i-hydroxy-n-butyric acid.

2. Monoamino-dicarhoxylic acids:
Aspartic acid:—V-amino-succinic acid.
Glutamic acid:—<^^-amino-glutaric acid.

3. Diaminn-inonocachoxylic acids:
Arginine:—o(-amino-5-guanidino-n-valeric acid.
Lysine:—/3,^-diamino-n-caproic acid.

4. Sulphur containing amino acids:,
Cystine:—di-(V-amino-/3-thio-propionic acid).
Cysteine;—/ii-mercapto-o^-amino propionic acid. 
Methionine:—T-amino-y-methyltbio-n-butvric acid.

5. Aromatic and heterocyclic aniino acids:
Phenylalanine:—°(-amino-/:i-phcnyl-propionic acid. 
Tvrosine:—=^-aminc-/3-parahydroxy phenjl-propionic acid. 
Histidine:■—=(-amino-/^-imidazole-propionic acid. 
Tryptophan:-—=(-amino-/:i-indole-propionic acid.
Proline:— -pyrrolidine-carboxylic acid.
Hydroxy proline;—y-hydroxy-o(-pyrrolidine-c-aroo,xylic acid.



1. M o n o a m in o -m o n o ca rb o x y lic  a c id s
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2 . M o n o a m i n o - d i c a r b o x y l i c  a c i d s
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3. D ia m in o -m o n o ca rb o x y lic  a c id s
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4. Sulphur co n ta in in g  a m in o  a c id s

C!̂-, — SH
1 ‘
CH — NH2

1COOH

CysUif't

CH;;— S — — CHo o-u -  5 - 0 * 
11CH— NĤ

1
CH — NH2
j

1CH, 
1 ^1COOH COOH 1CH-NH2
1

Cystine (dieyst«ln«)
1COOH

5. A ro m a tic  a n d  h e te r o c y c lic  a m in o  a c id s

CHj  —CH — COOH HO < c _ >  CHj —CH — coov^

P̂cnylalô 1̂oe Tyrosin?

CH= C-CH,—CH-COOH
1 1 1N NH NH,

CH

CK2 —CK2
-CHp C H — COOH
\  /

NH

-CH^—CH —COOH

Tryptophan

HO —CH— CH;>
I i

CHp CH — COOH

\  /
NH

Hvdroxy-prolinc * 

* Contains imino group 

Fig. 4.1 S tru ctu res o f  a m in o  a c id s

. I CLA SSIFICA nO N  OF PROTEINS

The classification oT proteins according to the recommendations 
of the American Physiological Society and the American Society 
of Biological Chemists are given below;



I. Simple Proteins

Proteins which yield only amino acids or their derivatives 
on hydrol3’sis.

(fl) Alhmnins: Soluble in pure water and coagulable by heat. 
Examples: egg albumin, serum albumin (blood).

(/;) Globulins: Insoluble in pure water, but soluble in 
neutral salt solutions. Examples: serum globulin (blood) 
tuberin (potato,) arachin and conaraeliin (peanuts).

(c) Gliileli/is: Insoluble in all neutra.l solvents, but soluble
in very dilute acids and alkalis. The best known 
protein of this group is the glutenin of wheat.

(d) Prolaviiifs: Soluble in 70-80 per cent alcohol. Examples:
gliadin (wheat) and zein (maize).

(e) Fibrous proteins: Proteins characteristic of the skeletal
structures of animals and also of the external protective 
tissues, such as the skin, hair, etc. Examples: collagen, 
elastin and keratin.

(f) Histones: Soluble in water and insoluble in very dilute-
ammonia. On hydrob'sis, they yield several amino 
acids, among which the basic ones predoniinate. The 
important members of this group are the thymus his­
tones and the globin of haemoglobin.

(g) Protamins: Strongly basic proteins with low molecular
weight, soluble in water, not coagulable by heat, and on 
hydrolysis yield large amounts of basic amino acids.

Example: Salmine from salmon sperm.

II, Conjugated Proteins
Proteins united to some other molecule otherwise than as a 

salt.

(a) Nucleoproteim: Compounds of proteins with nucleic 
acid.



(h) Glycoproteins: Protein molecule combined with a 
carbohydrate group . Example: mucins.

(c) Phosphoproteins: Proteins in which phosphorus is in 
union with the protein molecule. Examples: caseinogen (milk), 
ovovutelin (egg yolk).

(d) Haemoglobins: Protein molecule combined with haem. 
Example: Haemoglobin of blood.

(e) Lecithoproteins: Protein molecule combined with lecithin 
or related substances.

III. Derived Proteins

1. Primary protein derivatives: Derivatives of the protein 
molecule apparently formed through hydrolytic changes which 
invohx- onlv slight alterations.

(a) Proteans: Insoluble products which apparently result 
Irom the Incipient action of very dilute acids or enzvmes. Ex­
amples: Casein (Curdleb milk), fibrin (coagulated fibrinogen).

(/;) M etapro teinsProducts resulting from the action of 
acids and alkalis whereby the molecule is sufhcientlv alterec. to 
form proteins soluble in weak acids and alkalis, but insoluble in 
neutral solvents.

(c) Coagulated proteins: Insoluble proteins which lesult 
from (1) the action of heat on protein solutions or (2) the action 
of alcohol on the protein. Example: Cooked egg albumm, or 
egg albumin precipitated by alcohol.

2. Secondary protein derivatives: Products of the further 
hydrolytic cleavage of the protein molecule.

{a) Proteoses: Soluble in water, not coagulable hv heat, 
precipitated by saturating their solutions with ammonium 
sulphate.

(/;) Peptones: Soluble in water, not coagulable by heat and 
not precipitated by saturating their solutions with ammonium 
sulphate. These represent a further stage of cleavage than the 
proteoses (the term ‘peptone’ is generally used to all protein



digestion products not coagulated by boiling and containing a 
mixture of proteoses, peptones and peptides.)

(c) Peptides: These are compounds containing two or more 
amino acids. An anhydride of two amino acids is called a 
di-peptide, one having~Tliree amino acids, a tri-peptide and one 
containing several amino _acid&j-£P^poI -̂pQptide  ̂ Peptides result 
from the further hydrolytic cleavage of the peptones.

S tructure of Proteins

Proteins are large molecules formed by the combination 
of a number of amino acids. The molecular weights of 
some proteins are given in Table 4.2. The chemical nature of 
different amino acids has been discussed in the previous section. 
In 1920, Hofmeister and Emil Fisher proposed independently 
that the main type of linkage between the amino acids in the 
protein molecule is the peptide bond. The modern views on the 
structure of proteins are summarised below.

Tahte 4.2 M o lecu la r  w e ig h ts  o f  s o m e  proteins

Protein Source M ob Wt.

Insulin Bovine 5,700
Ribonuclease Bovine pancreas 13,700
Lysozyme Chicken egg white 14,400
M yoglobin H u m an  muscle 17,000
Papain Papaya 21,000
Trypsinogen Bovine pancreas 24,400
T ry p s in Bovine pancreas 24,000
C hym otrypsinogen Bovine pancreas 24,700
c^-chym otrypsin Bovine pancreas 24,300
Ovalbum in H e n ’s egp: 40,000
Serum  albumin H um an serum 66,500
Enolase Rabbit  muscle 67,000
Haemoglobin H um an  erythrocytes 65,000
Lactic  acid dehydrogenase Bovine muscle 140,000
7-Globulin H um an  serum 160,001)

Primal \  structure: The main mode of linkage of the amino 
acids in proteins is the peptide bond formed by the reaction



ot the '^(-carboxvl group of one amino acid wirh -^-amino group 
of another as indicated below. This is sometimes called primary 
structure of proteins.

H , N — C H ,— C O — N H — C H ,— C O O H  

glycyl— glycine

Secondary structure: If peptide bonds were the onlv struc­
tural linkage in proteins, the protein molecules tuuild behave 
as randomh' coiled long-chain pol\peptides. However, the 
properties ol globular proteins indicate a coiled structure in 
which peptide bonds are folded in a regular manner. Alueh 
of the folding is the result of linking of the carboxyl and amide 
groups of the peptide chain bv means of hvdrogen bonds. Such 
folding produced or maintained by hvdrogen bonding is fre­
quently called the secondary structure ot the protein. Present 
evidence suggests that in many proteins, the hydrogen bonding 
produces a regular coiled arrangement, called -helix.

Tertiary structure: If a globular protein consisted sold} 
of a series of single helix, these molecules would be elongated 
structures with a large axial ratio (Length to cross section). How­
ever, physical measurements reveal that many proteins are spheri­
cal or nearly so. Hence, the helical arrangement must be periodi­
cally interrupted, permitting numerous bonds with additional 
folding. This special structure in three dimensions must be 
maintained by covalent or other bonds. The covalent disulphide 
bond involving two cystine ’"esidues is one way in which this is 
achieved. Many globular proteins, however, lack in disulphide 
bonds, yet they are stable globular molecules in solution. These 
additional types of bonds probably include h\drogen bonds, 
salt bonds and hydrophobic or nonpolar bonds. This has been 
calico the tertiary structure.

Ouarternarv structure: In addition to the primary, secondary 
and tertiary structures some proteins may display a fourth level 
of organisation wherein several monometric units, each witli. 
appropriate primary, secondary and tertiary structures may 
combine. The association of similar or dissimilar sub-units 
confers on the protein a quarternary structure. Such a higlicr 
level of organisation of monometric units may be essential to the 
acti\ ity of protein enzymes.



D enaturation of proteins

Proteins occurring in animal and plant tissues are called 
native proteins. They possess many characteristic properties 
such as solubility, viscosity, optical rotation, sedimentation rate, 
electrophoretic mobility etc. Native proteins, when subjected 
to heat treatment, ultra-violet light, high pressures and ultrasonic 
vibrations or acted upon by acids, alkalis, heavy metal salts, 
urea and ethanol, undergo changes in their properties leading 
to denaturation of proteins. As a result of this, the protein 
molecules aggregate and precipitate. The term ‘ reversible 
denaturation ’ relers to only slight changes in the properties of 
the proteins which can be restored to the native state after 
suitable treatment. It the denaturation is severe, then the 
changes in the properties of the proteins are permanent and 
‘ irreversible’. (Denaturation re^^resents, the loss of native struc­
ture of the protein leading to the unfolding of the molecule^) As 
a result ot this, more sulphydryl groups are formed from 
disulphide groups. There is also evidence that more of the 
phenolic group present in tyrosine and indole group present in 
tryptophan are exposed, as a result of unfolding of the protein 
molecule. H the protein is an enzyme or an antibody, denatu­
ration is accompanied by a loss of activity. In general, denatured 
proteins are more rapidly hydrolysed by proteolytic enzymes 
than native proteins.

E s t i m a t i o n  o f  .a m i n o  a c i d s

Hydrolysis of proteins
For the estimation of amino acids, the protein should be 

hydrolysed into amino acids. The hydrolysis can be effected 
by heating proteins with mineral acids or alkalis.

Acid hydrolysis: Hydrolysis of proteins by acids can be 
accomplished by heating proteins with 6N-HC1 or 8N-II„SO^ 
at 15 lb pressure for 5 hrs. Acid hydrolysis especially in the 
presence of carbohydrates, results in almost complete destruction 
of tryptophan and partial destruction of some other amino acids, 
e.g., threonine, cystine etc.



Alkaline hydrolysis: Alkaline hydrolysis is accomplished by 
heating the protein with 5X-XaOM or 14 per cent Ra(OH), 
(W/\ ) at 15 lb pressure tor 5 brs foi- liberating tryptophan. 
Barium ions are removed as sulphate alter hydrolysis. Cystine 
is completely destroyed while arginine is partly destroyed during 
alkaline hydrolysis and the naturally occurring L-amino acids 
arc conyerted into DL-amino acids which possess only half the 
biological actiyity of L-amino acids.

Methods for estim ation of am ino acids

The methods available for the estimation of amino acids are
(1) Chemical (2) Microbiological (3) Enzymic and (4) Chromato­
graphic methods.

Chemical methods: The chemical methods are based on 
specific colour reactions and are quite sensitive and accurate. 
They are widely used for the estimation of arginine, methionine, 
threonine, histidine, tryptophan, ev'stine, phenylalanine and 
tyrosine.

Microbiological methods: The microbiological methods are 
very sensitive and accurate and are widely used for the estimation 
of all essential amino acids. In the estimation of tryptophan 
obtained bv alkaline hydrolysis, the \'ahie obtained should be 
doubled if L-tryptophan is used as a standard.

Enzymic methods: Certain amino acids can be estimated by 
the use of specific enzymes, e.g. arginase for the estimation of 
arginine and specific decarbo.wlases e.g. lysine decarboxylase for 
the estimation of lysine etc.

Chromatographic methods: The chromatographic methods 
include (1) Paper chromatography (2) Ion exchange chromato­
graphy and (3) Automatic amino acid analysers.

Paper chromatography: Partition chromatography on filter 
paper (uni-dimensional or tw'o-dimensional) is widely used for 
the se]iaration and estimation of amino acids. On spraying with 
ninhydrin, the spots develop colour which are eluted and esti­
mated.

Ion exchange chromatography: Synthetic resins are used in 
the ion exchange chromatography for the separation of amino



acids. Sulphonated polystyrene resins bear many —SO^H 
grC'Ups. Moore and Stein (1951) described a procedure for the 
quantitative separation and estimation of amino acids.

Automatic amino acid analysers: An automatic amino acid 
analyser was first developed by Spackman, Stein and Aloore (1958). 
Several models of automatic amino acid analysers are now avail­
able. The separation of amino acids is achieved by sulphonated 
polystyrene resin. The colour is developed by mixing with a 
ninhydrin reagent and recorded automatically and compared with 
that obtained with a mixture of standard amino acids.

ESTIMATION OF PROTEINS
Proteins are quantitatively estimated in foods and other bio­

logical materials bv the following metliods: (1) Kjeldahl method
(2) Colorimetric methods and (3) Electrophoretic methods.

Kjeldahl method: The Kjeldahl method consists in digesting a 
known weight of the biological material with concentrated 
and potassium sulphate with copper sulphate, mercuric oxide or 
selenium dioxide as a catalyst. The amino groups of the amino 
acids and N present in the heterocyclic rings of histidine, trypto­
phan, proline and hydroxyproline are converted into ammonia and 
carbon is oxidised to CO .̂ The ammonia present as sulphate is 
estimated after distillation, bv titration with standard acid or 
colorimetricalb,' using Nessler’s reagent. The nitrogen content 
of the sample is calculated and converted into ‘crude protein’ 
content by multiplying by the conventional factor 6.25. The 
two defects of the Kjeldahl method are (1) the factor 6.25 is only 
approximate for some proteins and (2) the nitrogen of urea, crea­
tinine and other N compounds (which have no nutritive value) 
present in animal foods, fish and milk in small amounts (2 to 7 
per cent of the total N) also forms part of the total nitrogen i.e. 
crude protein.

Colorimetric methods: 'The colorimetric methods used tor 
the estimation of proteins are based on the biuret reaction or 
Folin’s phenol reagent. The methods are used for the determina­
tion of protein content of serum.

Electrophoretic methods: The electrophoretic methods are 
used for the separation and estimation of proteins in serum, tissues



and foodstuffs. In the case of tissues and foods, the proteins are 
extracted with suitable solvents before separating elcctrophoreti- 
cally. The electrophoretic separation can be achieved using 
filter paper, agar gel and starch gel. The proteins after separa­
tion arc treated with suitable dve (e.g. .'\.inido Schwarz lOB) and 
the intensity of the colour of indi\idual dye-protein comple.N; 
bands arc measured using a densitometer.

DIGESTION AND ABSORPTION

The digestion of protein takes place in the stomach and intes­
tines. As a result of digestion, proteins are broken down to amino 
acids.

Gastric digestion: The proteolytic enzyme of gastric juice is 
pepsin. It is formed from its zvmogen precursor, pepsinogen, 
which is elaborated and secreted by the chief cells of the gastric 
mucosa. The inactive pepsinogen is converted into the active 
pepsin by the HCl of gastric juice. Pepsin rapidly initiates 
hydrolysis of proteins. Studies with synthetic substrates ha\'c 
revealed that the peptide linkages most susceiitible to this enzyme 
arc those involving aromatic amino acids (Phenylalanine and 
tyrosine), tryptophan and leucine with aspartic and glutamic 
acids. Pepsin hydrolyses dietary' proteins chiefly into a mixture 
of polypeptides. If gastric IICl production is inadequate to 
maintain the pH optimum of 2 to 3 necessary for peptic digestion, 
protein digestion in the stomach will be affected, as for example 
in pernicious anaemia. Pepsin has a strong clotting action on 
milk. In the young infant, in addition to pepsin, another milk 
clotting enzyme rennin, may be present in small amounts in the 
gastric juice.

Intestinal digestion: In the intestines, the products of gastric 
digestion arc further acted upon by the enzymes present in the 
pancreatic and intestinal juices. The pancreas secretes a strongly 
alkaline fluid containing several inactive zymogen precursors of 
proteases, e.g. trypsinogen, two chy'nio-trypsinogens, two pro- 
carho.xv peptidases and proelastase. An intestinal enzvme termed 
ent.rokinase converts trypsinogen to trypsin and chvmotrypsino- 
gen into active chymotrypsin. Procarboxypeptidase and proela­
stase are con\erted by tryqosin to active carboxypeptidases and



elastase, respectively. The alkaliae pancreatic juice neutralises 
the acidic chyle from the stomach and provides the slightly alkaline 
pH optimal for the hydrolytic action of the pancreatic enzvnies. 
Trypsin acts on peptide linkages involving the carbox\'l group of 
lysine and argiirine. The chyrnotrvpsins arc most acti\'e towards 
peptide bonds involving phenylalanine, tyrosine and tryptopdian. 
Thus, the action of these enzymes is additive resulting in more 
complete degradation of proteins into small peptides. The car- 
boxypeptidases rapidly liberate carboxyl terminal amino acid 
residues. The mucosa of the intestines also contains enzymes 
that hvdrolyse peptides into amino acids. It is not clear whether 
these enzymes are actually secreted into intestinal juice or they 
remain within the cells and participate in proteolysis as the pepti­
des traverse the villi. Extracts of intestinal mucosa contain a 
group of amino peptidases which act onprolypepitides and hydro­
lyse them to simpler peptides and amino acids. They also contain 
dipeptidases which act on dipeptides and hydrolyse them to amino 
acids.

Absorption of amino acids from the intestine: The major p>ro 
ducts of intestinal digestion of proteins are the amino acids and 
these are rajridly absorbed. Absorption of amino acids is con­
fined chiefly to the small intestine and is an active, energy-requir­
ing process which reflects a high degree of structural spiecificity. 
Impairment of absorption occurs with anoxia or in the presence 
of metabolic inhibitors or pioisons. Experimental studies with 
isolated segments of rat intestine have demonstrated that the 
L-isomers of amino acids arc more rapidly absorbed than the 
D-isomers and that, in general, the neutral and the more hydro­
philic amino acids are more rapidly absorbed than the basic and 
the more hydrophobic amino acids. A role for the participation 
of pyridoxal and Ain in amino acid absorption has been suggested. 
The diminished rate of amino acid absorption from the intestine 
of vitamin deficient rats can be stimulated bv administration 
of pyridoxal phosphate. Amino acids absorbed from the intestine 
enter the circulation almost whollv by way of the portal blood. 
Under special circumstances, traces of native proteins may also 
be absorbed in the intestinal mucosa and appear in the blood 
especiallv in the young mammal. This may be the basis for 
allergic reactions sometimes encountered in seme infants towards 
some food proteins, e.g. milk proteins, egg white, etc.



PROTEIN AND AMINO ACID METABOLISM

The metabolism of a protein essentially is the metabolism of 
amino acids. Food proteins after digestion are absorbed as amino 
acids into the portal blood stream and pass on to the liver. The 
liver draws a certain proportion of amino acids for its own needs. 
Non-essential and semi-essential amino acids synthesised in the 
liver are added to the blood amino acids. The amino acids derived 
from the hydrolysis of tissue proteins are also passed on to 
the blood stream. The blood amino acids derived from food 
proteins, synthesis in liver and hydrolysis of tissue proteins, 
unelergo metabolism. The metabolism of proteins is indicated 
in Fig. 4.1 and is discussed under the follow ing heads: (1) Dynamic 
aspects of protein metabolism (2) Nitrogen balance, (3) Nitrogen 
metabolism in starvation, (4) O.xidation of amino acids and forma­
tion of urea, (5) Biosynthesis of non-essential and semi-essential 
amino acids and (6) Synthesis of blood and tissue proteins.
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<-- Dynamic aspects of protein metabolism: The classical theory 
of protein metabolism as proposed by Folin (1905) has held the 
held for many years. Folin found that under widely, varying 
intakes of nitrogen, the quantity of creatinine and neutral sulphur 
excreted in urine remained constant whereas the quantity of urea 
e.xcreted varied with dietary nitrogen intake. Folin thought that 
creatinine and neutral sulphur were derived from the ‘wear and 
tear’ of body tissues and were an index of endogenous protein meta­
bolism. Urea, on the other hand, was believed to be derived 
.solely from the catabolism of dietary proteins and was referred to 
as the e.xogenous nitrogen of protein metabolism. Several studies 
made with isotopic nitrogen by Schoenheimer and Rittenberg gave 
results different from the views of Folin. The main conclusions 
from the latter studies are (1) when amino acids containing isotopic 
nitrogen are fed to an animal in N equilibrium, only a part of the 
isotopic nitrogen appears in the urine and fairly large amounts 
(about half) are found in the tissue proteins. In other words, the 
dietary nitrogen had replaced the catabolised tissue proteins whose 
nitrogen is found in the urine and (2) it waS’also found that dietary 
proteins containing isotopic nitrogen was constantly and rapidly 
being incorporated into plasma proteins and into the proteins of 
liver, kidney and intestinal tract as well as into the proteins of 
haemoglobin. According to the new theory, protein metabolism 
is conceived a^a dynamic mechanism in which breakdown and 
resynthesis of tissue proteins proceed hand in hand, a part of the 
tissue proteins being broken down continuously and replaced by 
the formation of new tissue proteins from the dietary proteins. 
Even in the starving animal, a part of the amino acids derived 
from the breakdown of tissue proteins, is used for the resynthesis 
of tissue proteins.

Nitrogen balance: When the nitrogen intake equals the nitro­
gen lost from the body, the body is in a state of nitrogen equilibrium. 
If the nitrogen lost from the body is less than that of nitrogen 
intake, the body is in positi've nitrogen balance. The nitrogen 
retained is in the form of new tissue proteins as for example 
during growth, pregnancy, lactation and convalescence. If the 
nitrogen lost from the body is higher than nitrogen intake, the 
body is in negative nitrogen balance. Negative nitrogen balances 
are seen in undernutrition, malnutrition, fevers, injuiy, after



surgery and in starvation. Under these conditions, the body 
proteins are slowly but steadily depleted.

Nitrogen ?netaboIism on protein free diet: Many inrx'stigators 
have attempted to determine nitrogen loss in urine bv placing 
subjects on a protein free diet providing adequate calories and 
other nutrients and measuring the minimum loss of endogenous 
urinary nitrogen. The loss of nitrogen in urine follows the pattern 
shown in Fig. 4.2. There arc two characteristics of the cur\x';

THE NITROGEN EXCRETION OF HUMAN SUBJECTS 
ON A PROTEIN-FREE DIET

1 2 3 4 5 0 7
_ D a y 5

Fig. 4.2

[a) the nitrogen output in urine falls steeply in the first 2 or 3 days 
and afterwards the fall is very slight. There is no ‘fixed’ endo­
genous loss and most of the investigators have chosen a point in the 
latter part of the curve and (/;) between the initial rapid fall and



the slower decline, there is a fairly sharp inflection which in adults 
occur after 4-6 days on a protein free diet. The evidence from 
animal experiments suggests that during the first few days, the 
major losses of proteins are from organs with a rapid turnover 
notably the liver, gastro-iritestinal mucosa, pancreas and muscle. 
T-'liese organs gain and lose proteins very rapidly in response to 
changes in protein intakeand the fraction so gained or lost has been 
termed ‘Labile body protein’. Loss of labile protein is rapid 
during the first few days on a protein free diet, while losses of 
tissue proteins from liver, gastro-intestinal mucosa, pancreas, 
muscle and skin continue at a steady rate. The point of inflec­
tion in the curve thus seems to distinguish two distinct types of 
response to protein depletion, the second phase representing loss 
of tissue proteins. The FAO/WHO Committee on protein 
requirements (1965) suggested that the point of inflection provides 
the best estimate of obligatory loss of nitrogen in urine before 
depletion of tissue protein supervenes and termed this loss as 
‘Basal’ urinary nitrogen loss. There is evidence that in a wide 
range of mammals, the endogenous laitrogen output in urine is 
related to the basal energy metabolism of the animal and amounts 
approximately to 2 mg nitrogen per basal calorie. This figure 
has been used by the FAO/WHO Committee (1965) to compute 
the endogenous N loss in urine for adults and children. Recently, 
however, lower values have been reported tor infants and children.

Table 4.3 L oss o f  p ro te in  from  so m e  t issu es  d u rin g  a  7-day fast in
adu lt rats

Values are expressed in grams per ra t  w ith an original body 
surface of 310 sq.cm. (200 g body weight).

Prote in
conten t  (g) ....̂

Organs or tissue
0)tL,

y -  .M COo O O

CO  ̂V.JfcKS

■s s
o 2

M uscle ,  skin and skeleton 28.9 26.5 2.4 62 8
Liver ... 1.53 0.92 0.61 16 40
Alimentary  tract,  pancreas and 

spleen ... 1.81 1.30 0.51 14 28
D raw n  blood ... 1-19 0.95 0.24 6 20



Nitrogen metahoUsni in starvation: The results of studies of 
Addis and co-workers (1936) in rats sliown in Table 4.3, indicate 
that during 7 days starvation, the adult rat lost about 12 per cent 
of the body protein; the ma.Kimuni loss occurred in muscle, skin 
and skeleton, followed by liver, alimentarv tract, pancreas, spleen 
and blood. In complete star\ation, tissue proteins (particularly 
muscle proteins) is broken down to amino acids on a much larger 
scale than in a subject receiving a protein free diet. As mentioned 
above, some of these amino acids are used for the synthesis of 
essential nitrogenous constituents. Since no food energy is 
a\ ailable, most of the liberated amino acids are deaminated and the 
residues are utilised for energy purposes to maintain the blood sugar 
lê  el. In starvation, therefore, X-loss in urine is greater than on 
a protein-free diet, i.e. 8-10 g. N per day as compared with 3 to 4 g. 
X per day on a protein free diet in adult human subjects. The 
bulk of the protein lost is derived from muscle and skin, though 
liver and alimentary tract also lose ]iroteins.

Oxidation of amino acids and fonnatidi of urea: The amino 
acids not utilised for the formation of tissue proteins arc o.xidised 
mainlv in the liver by the enzvmes, amino acid oxidases.

XTL

R. CH. c o o n

Oxidation R. CO. COOH-rXIlg
Keto acid 
Amino acid

The ammonia thus formed is cone erted into urea in the liver 
and the non-nitrogenous residues are further oxidised to yield 
energy  ̂as explained below.

Urea formation: The mechanisnt of formation of urea was 
first demonstrated by Krebs and Henseleit (1932) according to the 
following cycle:

(1) O rn i th ine - i -N H 3 -rCO.j---- ^)-Citruline.

(2) Citrullne - f N H , ----->Arehnine.

hvdroivsis
(3) Arginine r.—  ̂ . — ->OrnithinC“ -l <rea.

Dv argina?c

Oxidation of non-nitrogenous residues: The non-nitrogenous 
residues of amino acids are oxidised to vield energy. Studies



with diabetic animals have shown that a majority of them are gly­
cogenic, some are both glycogenic and ketogenic and one is keto- 
genic. The classification of amino acids according to the above 
categories is given below.

Glycogenic and ketogenic.  
Isoleucine 
f.ysinc
Phenylalanine
Tyrosine.

Glycogenic Ketogenic
Alanine, Hydroxyproline Leucine
Arginine,  Methionine 
Aspartic acid, Proline 
Cystine,  Serine 
G lutam ic acid, T h reo n in e  
Glycine, T ry p to p h an  
Hist id ine ,  Valine.

The glycogenic non-uitrogenous residues are oxidised in the 
same way as glucose while the ketogenic non-nitrogenous residues 
are oxidised in the same way as fatty acids.

Biosynthesis of non-essentiai and setni-essmtial amino acids: The 
non-essential amino acids are by definition those amino acids 
which need not be provided in the diet since they can be 
synthesised in adequate amounts in the body. The earhon residues 
of non-essential amino acids are formed in the body during the 
catabolism of tissue proteins. Some of these can also be synthe­
sised from the products of carbohydrate metabolism, c.g. pyruvic 
acid, oxaloacetic acid and =(-ketoglutaric acid.

The amino acids are formed from the corresponding keto- 
acids by the process of transamination as explained below:

Glutamic acid +  Oxaloacetic acid----- ----------- :-c«'-ketoglutaric
acid-|"Aspartic acid.

Glutamic acid-|-Pyruvic acid— ------------—^^^-ketoglutaric
acid-rAlanine.

The semi-essential amino acids are synthesised from the 
corresponding essential amino acids, e.g. cystine from methionine 
and tyrosine frem phenylalanine.

Synthesis of tissue and blood proteins: As mentioned earlier, 
the synthesis of tissue proteins from the dietary amino acids sup­
plied through the circulation is proceeding constantly in all the 
tissues. The rate of synthesis varies with the tissues. The 
plasma proteins are synthesised in the liver. The mechanism of 
biosynthesis of proteins is discussed in Chapter 5.



NUTRITIVE VALUE OF PROTEINS

The nutritix'e value of a protein depends on its content of essen­
tial amino acids. For assessing the nutritive value of a protein, 
it is essential to know (1) the essential amino acid content of the 
protein and (2) its abilitv to meet the protein needs of the body 
for maintenance, growth, prygnancv, lactation, etc. During 
recent tn-ars, a large amount of work has been carried out on the 
various aspects of the nutritive value of the proteins. Data 
regarding the contents of essential amino acids in some food 
proteins are given in Table 4A in the appendix.

The nutritional significance of amino acids
Tile pioneering im estigations of Hopkins (1906) in England 

and of Osborne and Mendel(1912)in America showed that young 
rats fed on a synthetic diet, containing zein (a. protein contained 
in maize) as the only source of protein failed to grow. Chemical 
analysis of zein showeel that it did not contain trvptophan or 
lysiw-T— When these two amino acids were added to the zein diet, 
animals grew normallv and remained in good health. Gelatin, 
like zein, was tound to be an incomplete protein. It lacks tryp­
tophan, and is highly deficient in histidine and evstine. TTdiet 
containing 18 per cent gelatin did not promote growth nor could 
maintain tlie body weight of rats, ^̂ ’hen, however, the lacking 
amino acids, trvptophan, histidine and ewstine were added to the 
gelatin diet, normal gr</’., th oceurrtii.

Tile eiassical in\ estigation.s oi W. C. Rose and co-workers in 
FeS.A. during 1930-35, h.ave shown that out of the 19 known 
amino acids. 111 are essential for grow th and maintenance of rats 
in the sense that they must be provided in the diet. It is well 
known that casein when fed at 18 per cent level of protein in the 
diet allows wry good growth in voting rats. Rose and co-w'orkers 
(1935) attempted to grow voung rats bv substituting casein by an 
amino acid mixture similar to that of the amino acid composition 
of casein as \\as known before 1935. ;\t that time, the amino
acid— dtreoriue— was nr'i known. T’hev un: nel at iirst the amino 
acid r-!':a:rc did not jsror.iou- giuwtli. Eiuviu r studies led to the 
isoia.Por. ihi'eonine fiom the hvdro'vsatcs of casein. This
investigadou h d to the discoverv of essential nature ofe



threonine. Later, they found that with the addition of threonine 
to the anrino acid mixture, the diet promoted equally good growth 
as the casein diet. This was the first successful attempt at growing 
rats on diets containing pure amino acids instead of proteins.

Essential amino acids: Next, they proceeded to study the 
importance of each amino acid for growth. They omitted one 
amino acid at a time from the mixture and studied the effect of 
absence of each amino acid on growth. Thus, they were able to 
show that out of 19 known amino acids, only 10 (including arginine) 
are essential in the sense that they are necessary for promoting 
growth and health of albino rats and must be present in the diet. 
In another remarkable experiment, they found that rats could 
grow well on diets containing only the 10 essential amino acids 
(Rose and co-workers, 1936). The other amino acids are non­
essential in the senstLlhat rats^areableTp synthesise them in their 
body. - The^ list of essential, semi-essential and non-essential' 
a'mino acids is given in Table 4.4.

Table 4.4 N u tr itio n a l c la ss if ic a tio n  of a m in o  a c id s

Essential
(Indispensable) Semi-essential Non-essential

(dispensable)

H istid ine Arginine Glutamic acid
Lysine Tyrosine Aspartic acid
T ry p to p h an Cystine Alanine
Phenylalanine Glycine Probne
M eth ion ine  
T h reo n in e  
L euc ine  
Isol eucine 
Valine

Serine  • H ydroxyproline

.\rgininc and'.' glycine are essential for chicks and turkeys. 
Serine will spare vr replace glycine. Tyrosine will spare but not 
completely replace phenylalanine' Cystine will spare but not 
completely replace methionine. L\n essential or indispensable 
j,mino acid is defined as one which is necessary for the growth and 
}.,ea!th of a growing animal and which cannot be synthesised in 

daynate amounts in the body and must, therefore, be supplied by 
^he protein in the diefs In rats deprir'ed of valine, grave nutri­
tional defects devc]ofĤ ■̂ ■bich have been the subject of study by



Epstein and Rose (1939). The animals became very sensitive to 
touch and showed severe muscular incoordination (e.g. staggering 
gait and circus movements) together with loss of appetite, emacia­
tion and eventually death.

adds esssntial for the growth of infants and for mainten­
ance in adult human: Studies on infants and human adults 
showed that arginine is not essential for infants and both arginine 
and histidine are not essential for adults (Table 4.7). Infants 
require 9 essential amino acids while adults need oii'lv 8 amino 
acids. j

?dutritionaI classification of proteins: It was pointedout carder 
that proteins differ in their amino acid make up and that proteins 
lacking in one or more of the essential amino acids, e.g. gelatin 
or zein, cannot be utilised to meet the ju'otein requirements of the 
bodv. The reason is, all the tissue proteins (excepting that of the 
connectiw tissue) contain in their molecule varying proportions 
of Certain essential amino acids not contained in zeinorgelatin.

From the amino acids absorbed into the bk>od stream after the 
process of digestion, the bodv will utilise a portion of the amino 
acids required for the repair and growth of various tissues and to 
meet other physiological needs. The fraction of the amino acids 
not required will be discarded. These discarded amino acids 
will be deaminated in the course of metabolism and the nitrogen 
excreted in urine. The nutritive Value of a protein will be high 
if the amino acid make up is v(.Ty similar to that of the bodv proteins 
and will be low if it lacks partially or completely anv one of the 
10 essential amino acids or if its amino acid composition is verv 
much different from that of the body proteins. Proteins mav be 
broadly divided into three groups as regards their nutritive value.

Limiting essential
G roup

I. Complete  p ro te ins—e.g. Egg prote ins:
P rom ote  good growth in rats and o ther animals-

H. Partially complete  proteins—e.g. Wiieat 
p ro te ins :  Promote moderate growth.

III .  Incomplete proteins ; e.g. Gelatin 
or Zein ; D o  n o t  p rom ote  growth.

amino acid 

Nil

Lysine and 
T hreonine

Completely 
lacking in one 
or more essential 
amino acids



Methods for the determ ination o f the nutritive value of 
proteins

A knowledge of the .tmino acid content of proteins can only 
help to interpret nutritional differences among proteins in terms 
of their amino acid make up. Quantitative d ' • regarding the 
relative digestibility coefficient and nutritive .iue of proteins,
i.e. suitability to meet the protinn I'.-quirem .its of the body can 
be obtained only throimh ■ , i - animals or human beings.

A larg;' V. : .a ■>- ,.._aujds have been proposed by various 
workers for the evaluation of protein quality (Table 4.5). Only

Table 4.5 M eth od s A v a ila b le  for th e  E valuation  o f  P rote in  Q uality

1. Methods Based nn Groteth and Body Weight Changes
P r o n i n  efficiency ratio 
N e t  protein ratio 
Gross protein value 
Rat repletion m ethod 
N itrogen  growth index 
Slope ratio m ethod

2. Methods Based on Carcass Nitrogen Analysis
Nitrogen retention m ethod  
N e t  protein util isation 
Rat reple tion m ethods

3. Methods Based on Nitrogen Balance
Nitrogen balance
Dige.stibility coefficient; biological value and net utilisation of 

dietary proteins.
Nitrogen balance index 
Egg replacement m ethod

4. Methods Based on Regeneration of Blood and Liver Constituents
Liver protein regeneration •
Blood protein  regeneration 
Regeneration of liver en/tymes

5. Determination of Availability of Amino Acids
Chemical methods 
Enzymatic  m ethods 
Microbiological m ethods 
.A,nimal assays

6. Miscellaneous Methods
Plasma amino acid levels 
Microbiological methods

7. Chemical Scoring Methods
Chemical score 
Essential amino acid index 
Simplified chemical score



a fc\̂ ■ of them measure the overall nutritive value of the protein, 
c.g. protein efficieney ratio (PER), net protein utilisation (NPU) 
and biological value (BV). Most of the other methods measure 
the protein needs of depleted animals or the protein needs for 
certain specific functions such as regeneration of liver proteins and 
blood proteins. During recent years, only three methods, i.e. 
PER, NPR and NPU have been widely used as the most suitable 
methods for the evaluation of quality of dietary proteins.

DigestibiUty coeffwievt: Dietary proteins are liydrolysed to 
amino acids during digestion. The digestion begins in the 
stomach by the action of pepsin and later completed in the intes­
tines by' trypsin, erepsin and other enzymes. Proteins differ in 
their digestibility. In the same period of say, 1 to 2 hours, certain 
proteins e.g. proteins of milk and eggs, are easily digeste-d and 
coneerted into amino acids, while certain other proteins, c.g. 
proteins of pulses, arc only partly digested to amino acids. Since 
only amino acids are absorbed into the blood stream from the 
intestines, unhydrolysed portion of the protein is wasted in the 
feces. The term digestibility coefficient of protein refers to tlie 
percentage of the ingested protein absorbed into the blood stream 
after the process of digestion is complete.

When an animal is fed on N-free diet, certain amount of nitro­
gen is excreted in the feces. This is deri^•ed mainly from the 
digestive juices. This is called endogenous fecal N. When a 
protein food is given, the N found in feces consists both of cnelo- 
genous N and food N lost in digestion. To find out N lost in 
digestion, endogenous fecal N should also be determined. Eor 
the determination of the digestibility coefficient, the follov ing data 
are required: (1) Eood nitrogen intake (In), (2) Total fecal nitro­
gen excreted (E„ ) and (3) Endogenous fecal nitrogen (Iq). The 
digestibility coefheient can be calculated using the following 
formula:

Digestibility coefficient = 100 X

N intake -(N in Icces-cndogenous 
fecal Ni

Nitrogen intake.

1 on=  1 0 0 x ------ j ----
Ip*

Where F,,—Ê  is the food nitrogen lost in digestion.



PER=

The digestibility coefficients of proteins are influenced by 
several factors, the most important of these being (1) the presence 
of indigestible carbohydrates like cellulose and hemicelluloses 
and (2) the presence of proteolytic enzyme inhibitors.

Protein Efficiency Ratio (PER): This method developed by 
Osborne, Mendel and Ferry in 1919 is based on the growth of 
young rats. The diets usually contain 10 per cent of the protein to 
be tested and are complete in all other dietary essentials. Groups of 
albino rats (21 days old) arc fi:d for a period of 4 weeks on different 
diets. Records of the gain in body weight and protein intake of 
the rats arc maintained. The protein efficiency ratio (PER) is 
calculated using the following formula:

Gain in body \vt. (g)_ g weight per g. of
Protein intake (g) protein consumed

Chapman and co-workers (1959) and A.O.A.C. (1960) have 
described standardized procedures using rats aged 21-28 days for 
an e:\perimental period of 28 days. Plegsted and Worcester(1947) 
made a critical study of the growth method. They observed a 
high correlation betrveen gain in weight and PER for a number of 
proteins and concluded that little additional information is gained 
by the calculation of PER. Elowever, the Rutger University 
collaborative study (1950) demonstrated clearly that the variation 
between laboratories was reduced by approximately 50 per cent 
bv taking food consumption into account and calculating the PER. 
The A.O.A.C. method was subjected to collaborative assay in 
eleven laboratories.

Biological value: A method for determining the biological 
value of proteins was developed by Mitchell in 1925. It measures 
the quantity of dietary proteins utilised by the animal for meeting 
its protein needs for maintenance and growth. Groups of albino 
rats (28 days old) are fed successively on the following diets for a 
period of 10 days: (1) protein free diet and (2) diet containing 
10 per cent protein to be tested. Urine and feces are collected 
by keeping the rats in metabolism cages. Records of food intake 
are maintained. The diet, urine and feces arc analysed for 
nitrogen.

(Nitrogen digested — Nitrogen lost in metabo­
lism) ,x 100

Biological value = -------------------------------- r.-—, -------------° INitrogen tligested.



Nitrogen digested =  N intake (I^) - X in feces on the protein 
diet (Fn)- N in leces on protein free diet (Fd-

i.e. Nitrogen digested=I„ - (F„- F J
Nitrogen lost in metabolisin=N in urine on protein diet (U„)- 

N in urine on protein I'ree rliet =
In - (Fn -F,) - (U,.  ̂ UJ 

in - ( IV I 'J
liiological valuc=' X l u o

Similar experiments can be done wiih human suhjeels. 
Example Boy aged 10 years
N-intake on wheat diet 6.0g (I,j 
Fecal N on wheat diet 1.9g(F„)
Fecal N on protein free diet l.Og (FJ 
Urinary N on wheat diet 3.8g (U„)
Urinary N on protein tree diet l.Sg (I\.) 
Biological value of the proteins of wheat diet

=  100X
6.0 - (1.9-1.0) - (3.8-1.8)

3.1 X 100
5 l

6.0- (1,9-1.0)

=  01 .

6.0-(1.9-1.0)Digestibilitv coefhcient = ------1;--------- — x 100=Sa.
^  • 6.0

Net protein utilisation: Alitchell (1922) introduced the term 
‘Net Utilisation of Dietary Protein’ which is a product of digesti­
bility coefficient and biological value di\ ided by 100.

Digestibility coefficient, Biological valueN.P.U. =
100

Miller and Bender (1955) developed a direct method of esti­
mating‘Net Protein Utilisation’ (NPU) of proteins. The method 
is brieflv as follows: Groups of albino rats 28 days old are used. 
One group is fed on a non-protein diet while the other groups are 
fed on the test diets containing ilifferent proteins at 10 per cent 
level for a period of 10 days. The food intakes of the animals are 
measured. The animals are killed ;it the end of 10 davs and the 
bodv nitrogen determined by Kjeldahl method on a sample of



dried and powdered carcass. The NPU is calculated according 
to the following formula:

Body N of the test group -  Body N of the non­
protein group + N  consumed by non-protein group

NPU= N consumed by test group X 100

The main advantage of determining NPU of a food or diet is 
that it helps in the calculation of the net available protein (which 
is the same as Reference Protein) of the diet. A comparative 
statement of the PER, NPU and Chemical Score of some dietary 
proteins is given in Table 4.6. It will be seen that there is good 
correlation between the values for PER, NPU and Chemical score.

Table 4.6 PER, BV, N P U  a n d  C h e m i c a l  s c o r e  o f  s o m e  P r o t e in s

Food PE R BV N P U Chemical
score

L im iting  amino 
acids

A nim al foods

Egg .. . 4.5 96 91 100 Nil
Milk, cow’s .. . 3.0 84 75 65 Sulphur  Amino acids
L iver  .. . 2.9 77 65 66
M eat  .. . 2.8 80 76 70
Fish .. . 3.0 85 72 60 T ry p to p h a n

Cereals
Rice ..,. 2.0 64 57 60 Lysine, threonine
W h ea t  .. . 1.7 58 47 42 Lysine,  threonine

Pulses
Bengal gram ..,. 1.7 58 47 44 S u lp h u r  amino acids
Peas, d r ied  .. 1.6 56 45 42 it

N u ts  and Oilseeds
G ro u n d n u t ,. 1.7 54 45 44 Lysine, su lphur  amino 

acids and threonine
Soybean .. . 2.0 64 54 57 S. Amino acids
Cottonseed ..,. 2.1 63 53 55 ,, and lysine
C oconut ., 2.5 67 56 52 ,, lysine and

threon ine
Sesame . .. 1.7 60 51 40 Lysine

Net protein ratio (NFR): This method introduced by Bender 
and Doell (1957) is a modification of the PER method. In this



method, an allowance is made for the protein requirements for 
maintenance. The method consists in feeding a group of wean­
ling rats on a diet containing 10 per cent of the test protein and 
another comparable control group on a non-protein diet for a 
period of 10 days. The NPR is calculated by adding the loss in 
weight of the control group to the gain in wciglit of the test group 
and dividing the total weiglit (g) by the quantity (g) of protein 
consumed by the test group according to the following formula:

Gain in weight (g) of tlie test group -f loss in 
__ vreight (g) of the non-protein group

Protein intake (g)
NPR values have been reported to correlate closely with NPU 

values.
Data regarding the PER, 13 V and NPU of some dietary proteins 

determined using albino rats are gi\'en in Table 4.6.
Chemical score: Since egg proteins contain all essential amino 

acids in adequate amounts and possess the highest nutritive value 
among dietary proteins. Block and Mitchell (1946) assigned a 
chemical score of 100 to egg proteins. Since the nutritive vrdue 
of tlie proteins will depend on the essential amino acid most 
limiting in the dietary proteins, they evolved a chemical score 
(based on the mast limiting essential amino acid) which can serve 
as an index of the nutritive value of the proteins. The chemical 
score is the ratio between the content of the most limiting amino 
acid in the test protein to the content of the same amino acid in 
egg protein expressed as a percentage. The chemical scores of 
some proteins are given in Table 4.6.

Amino acid imbalance: Certain amino acids when present in 
excessive amounts affect the growth and health of experimental 
animals. Three types of amino acid imbalance hae e been observ­
ed: (1) Amino acid imbalance, (2) Amino acid antagonism and
(3) Amino acid ‘toxicity’.

Amino acid imbalance: The term amino acid ‘imbalance’ is 
applied to an amino acid pattern contaie.ing excessive amounts of 
certain essential amino acids or inadequate amounts of certain 
essential amino acids. The mixture causes a depression in growth 
which is completely prevented by a small supplement of the limit­
ing amino acids in the diet.



Example:

F ib i in  6°

Gain in weight (g) 
of  the rats (2 weeks)

33
+  amino acid mixture  
minus histidine 

ainino acid m ix iu rcE h is t id in e 33

Histidine is the liraiting amino acid in fibrin. Addition of 
other amino acids (e.xcept histidine) aggravates histidine deficiency 
and produces imbalance with great depression of growth. Addi­
tion of histidine along with other amino acids overcomes the 
growth depression.

Amino add ‘antagonisin': The term ‘antagonism’ is applied 
to those changes in the amino acid pattern of a diet that cause a 
growth depression which is largely or completely prevented by 
the addition of small amounts of a structurally similar amino acids 
or amino acids not originally limiting in the diet.

The antagonism caused by the addition of leucine is overcome 
by the addition of structurally similar amino acids—isoleucine and 
valine.

Example G ain  in weight (g)
of the rats (2 weeks)

Casein 9% 36
,, -f Leucine 3% 4
,, -1-Lfucine 3% +  Isoleucine 1.3% 16

,, „  + V a l i n e l . 2 %  31

Ainino acid toxicity: Two of the essential amino acids namely 
methionine and tyrosine have been found to produce to.xic symp­
toms and depression in growth in rats when added in excessive 
amounts to a diet containing casein. The toxic effects of tyrosine 
are overcome to some extent by the incorporation of threonine.

Exam ple  I:

Casein"o

fi
6
0
6

L -Tyros ine%  I .-T hreon ine%

0.2

0.8

Weight gain (g) 
o f  albino rats 

(2 w’eeks)

33
7

11



88
Example II:

Casein 18%
+  0 .1%  
+  1 .0%  
+ 2 .5%

D E -m eth ion ine  
D L -m eth ion ine  
D L -m eth ion ine

G row th  (g)
in albino rats (4 week.) 

78 
85 
25 

3

PROTEIN REQUIREMENTS
A considerable amount of work has been carried out during 

recentyears on the amino acid and protein requirements of infants, 
children and other age groups. Nutrition Expert Groups in 
different countries have made recommendations regarding protein 
requirements. The question of protein requirements was recently 
examined by Swaminathan and Parpia (1971). A brief summary 
of the available information is given below:

Amino acid requirements
Data regarding the essential amino acid requirements of infants, 

children and adults are given in Table 4.7. The quantity of egg *

Table 4.7 T he a v e ra g e  m in im a l d a ily  a m in o  a c id  req u ire m en ts  o£ 
h u m a n s and  th e  q u a n titie s  o f  Egg a n d  M ilk  p ro te in s  

req u ired  to p ro v id e  th e  sa m e

Amino Acid Infant^
(mg/kg)

Children-
(mg/kg) Fem ale Adults®

(mg/kg) Male

Hist id ine  ... 34 — _ —
Isoleucine ... 119 30 8 10
Leucine  ... 150 45 11 16
Lvsine ... 103 60 9 11
M eth ion ine  ... 45 27 6 16,3
Cvstine ... — — 4 12
T ota l  su lphur  amino acids . . . — 10 16,15
Phenvlalanine ... 90 27 4 16,4
T yrosine  ... — — 16 16
T ota l  aromatic amino acids — — 20 16,20
T h reo n in e  ... 87 35 6 /
T ry p to p h a n  ... 22 9 3 4
Valine ... 105 33 12 11

Protein required to meet
amino acid needs ... g/kg g/kg g,'k,g g/kg

H u m a n  milk ... 1.6 — — —
C o w ’s milk ... 2.0 0.9 0,28 0.43
Egg ... 1.6 0.9 O.IS i:.26

* Holt  and Snyderm an (1965)
 ̂ Nakagawa et a I (1962)
 ̂ ‘Evaluation of Prote in  N u t r i t io n ’, Pub  711-Food and N utr i t ion  Board, 

N a t io n a l  Research Council ,  National Academy of Sciences, U .S.A.



protein and cow’s milk protein (g/kg/day) required to meet the 
amino acid needs are as follows: Infants, 1.6 and 2.0 g; Children 
aged (10-12 yrs.), 0.9 and 0.9 g; Adults—Women 0.18 and 0.28 g; 
Men-—0.26 and 0.43 g respectively.

Calculation of protein requirem ents by factorial method:

The nitrogen requirements have been calculated by a factorial 
method suggested by different Expert Groups as described below:

R=U f- F +  S +  G
where R =  N requirements, U =  Loss of endogenous N in urine, 
F=Loss of endogenous N in leces, S —Loss of N through skin
i.e. sweat and integumental losses and G=-N required for growth. 
The recommendations of the different Expert Groups are given 
in Table 4.8 and briefly discussed below:

Nitrogen for jnaintenance: The I'AO/WFIO Expert Group 
(1965) calculated the nitrogen requirements for maintenance using 
the following values (1) Endogenous urinary loss as 2 mg. per basal 
KCal. (2) 20 mg. N per kg as endogenous fecal loss and (3) 20 mg 
N/kgas cutaneous and other losses. The ICMR Expert Group
(1968) used the following figures for calculating the N require­
ments for maintenance, (f) Endogenous urinary N loss as 1.5 mg/ 
basal calorie (/';') Endogenous fecal N loss as 20 mg/kg body weight 
and {in) the cutaneous N losses as 20 mg/kg body weight. The 
Food and Nutrition Board, N.R.C., U.S.A. (1968) calculated N 
reciuirements for maintenance as follows: (/) Loss in urine as
2.0 mg. N per basal calorie {ii) The endogenous fecal loss 0.4 mg. 
N/basal KCal and {Hi) The cutaneous N losses as 0.8 mg. N/basal 
calorie. The total N losses amounted to 3.2 mg. N/basal KCal. 
The U.K. Expert Panel (1969) used the following figures for 
calculating the endogenous N losses; (/) Endogenous urinary loss 
as 2.0 mg. N/basal KCal {ii) Endogenous fecal loss as 0.57 
mg/basal KCal and {Hi) Cutaneous losses as 0.08 mg. N/basal 
KCal, the total losses amounting to 2.65 mg. N/basal calorie. It 
is evident that the Food and Nutrition Board, N.R.C., U.S.A. and 
U.K. Expert Panel, related the endogenous N losses from feces and 
skin to basal calorie and thus improved on the procedure suggest- 
edby FAO/WHO Expert Group. Swaminathan and Parpia (1972) 
used the following figures for calculating N requirements for



s£>O
Tabic 4.8 E s t im a te s o f  e n d o g e n o u s  lo s se s  o f  n i t r o g e n  in h u m a n  s u b je c t s

Ape
proup

U rine  N Skin (Sweat + Tottd N  
(mg); per 

basal 
calorie

No. Auihors (mg)/ basal 
caloric

Integurnental
losses)

Foces

n

(1) ["AO W H O  Expert G ro u p All age 2.0 20 nig/lcg body wt. 20 mg/k-g body wt.
C/Jrt

groups
Recak-.uUitcd per basal Child >r-

caloric (2-3 yrs) 2.0 U.4 ing/basal calorie 0.4 mg/basal calorie 2.8 </!
Adult 2.0 O.S ing/hasal calorie 0.8 mg/basal calorie 3.6 o

(2) Food and N u tr i t io n  Board All age 2.0 0.8 nig/basal calorie 0.4 mg/basal caloric 3.2
X R C ,  U .S .  A. groups o

( i )  E xper t  Panel,  U .K . All age 2.0 O.OS mg basal calorie 0.57 mg/basal calorie 2.05 §
groups >

(4) I .C .M .R . N u tr i t io n All age 1.5 20 mg, kg l)odv wt. 20 ing/kg body wt.
E xpert  CiToiip groups o

Recalculatctl  per basal Child 1.5 0.4 mg/basal caluiic 0.4 m g/basal calorie 2.3 z
r1

caloric (2-3 yrs)
A du l t 1.5 O.S ing/basal calorie 0.8 nii^/basal calorie 3.1 2

(5) Swaminathan (1971) All age 2.0 O.I niu'/basal calorie 0.6 mg basal caloric 2.7
groups (U rine  bwcat (integurnental losses) O

per basal

_______ caloric)



maintenance (i) Endogenous urinary N loss+sweat loss, 2.0 mg/ 
basal calorie (ii) Integumental N losses (0.1 mg/basal caloric) and 
{Hi) Endogenous fecal N losses (0.6 mg/basal calorie) amounting 
to a total N loss of 2.7 mg/basal calorie.

Nitrogen for groivth: For calculating the N requirements for 
growth, the figures given in the N.R.C. Publication (1959) for 
infants from birth to 12 months have been used. For other age 
groups, i.c. 1-18 years, the figures suggested by the FAO/WHO 
Expert Group (1965) have been used.

‘Reference’ protein requirements
The FAO/WHO Committee (1965) recommended that the 

protein rec]uirements are best expressed in terms of a ‘reference’ 
protein having NPU of 100. They adopted amino acid pattern of 
egg proteins as the ‘reference’ pattern as egg proteins have NPU3j_ 
of 100 and possess the highest nutritive value among dietary 
proteins. The FAO/WHO Committee recommended an addi­
tional allowance of 6 g. of ‘reference’ protein for pregnant women 
and 15 g. for lactating women. The above allowances will work 
out to about 0.2 g and 0.4 g/kg body weight/day. The nitrogen 
requirements obtained by the factorial method are converted into 
‘reference’ protein requirements by multiplying by the factor 6.25. 
To this, 20-30% excess is added as suggested by the different
E.xpert Groups to allow for individual I'ariations.

Protein requirements in terms of dietary proteins
The protein requirements in terms of dietary proteins are 

calculated as follows:
 ̂  ̂ ‘Reference’ protein requirements (e) _Dietary protein requirements  =  -  - — ----------------f---------------- — X 100

N P U  of dietary proteins

Available evidence would indicate that theNPUof diets consumed 
in U.S.A. and Europe will range from 60-70 and of poor cereal 
diets consumed in India from 45-55 (average 50).

Comparison of protein allowances of different Expert 
Groups
The recommended protein allowances of different Expert 

Groups are given in Tables 16.1-16.3 in Chapter 16 in this 
Volume. They are bricflv discussed below:



Infants [Birth to 12 months): Tlie prott in allowances of ICIMR 
Expert Group range from 1.3 to 2..3 g, kg hoilv weight depending 
on age of the infant, as compared! with 20 g Vlav/infant of U.K. 
Expert Ikmel and l.S-2.2 g/kg of N.R.C., I'.S.A. There is good 
agreement between the three recommendations.

Preschool children (1-5 years): The pnitein allottances on 
ICMR Expert Group range from 17-22 g/day/child depending on 
age, as compared with 30-40 g of U.K. Expert Panel and 25-30 g 
of the N.R.C., U.S.A. It is evident that the ICAIR Expert 
Group recommendations are lower than those of the other two 
Expert (iroups.

Older children (6-12 years): l ‘he protein allowances of ICMR 
Expert Group range from 22 to 41 g dejicnding on age, as 
compared with 45-63 g of U.K. Expert Panel and 30-45 g of the 
N.R.C., U.S.A. '

Adolescents (13-18 years): The protein allowances of ICMR 
Expert Group range from 50-60 g depending on age and sex as 
compared with 58-75 g of E'.K. Expert Panel and 50-60 g of the 
N.R.C., U.S.A. ‘

Adults: The protein allowances for ailults are as follows: 
ICMR Exjiert Group 45 and 55 g for ^\(lmen and men; U.K. 
Expert Panel 55-63 g (women) and 68-90 g (men); and N.R.C., 
U.S.A. 55 g (women) and 65 g (men).

Pregnant and nursing mothers: The protein allowances of 
various Expert Groups for pregnant and lactating women are as 
follows: ICMR Expert Group 55 and 65 g; U.K. Expert Panel, 
60 and 68 "; and N.R.C., U.S.A., 65 and 75 n. ■

Protein requirem ents in term s of Net Dietary Protein 
Calories

Pl;itt, Miller and Payne (1961) suggested that the protein 
recpiirements are best ex]iressed in terms of net dietary protein 
calories per cent (XDPCal per cent). 4’luw ivportedi that a 
NDPCa! ]icr cent of 8 is optimal fer the growth of infants and 
NDPCal percent o f4.0 for X maintenance in adults. Thev 
determined the XDPCal iter cent of human, milk and iound it to 
be 8.7, thus confirming that the XPU values obtained in rats are 
applicable to human beings. Th.e protein needs of children of



the age group 1-18 years can be met by diets having NDPCal 
per cent greater than 4.0 but less than 8.0.

NDPCal per cent can be calculated as follows:
NDPCal per cent=Protein calories %xNPU-i-100.

Important dietary sources o f proteins
The important sources of proteins in the diets of low income 

groups in the developing countries are cereals and legumes. 
Meat, tish, eggs and milk are important sources of proteins in the 
diets of people in Western Countries. Oilseeds and oilseed meals 
are also rich potential sources of proteins in the developing 
countries. The protein contents of soni.- important groups of 
foods are given in Table 4.9.

Table 4.9 P rote in  co n ten t o f  im portant foods

Foods Prote in  (g/lOOg)

Cereals 6-14

Legum es lS-24

N uts  and oilseeds 18-40

Oilseed meals 45-55

Egg, hen (fresh) 12-13

Milk, fresh 3.5

M ilk  powder, full cream 26-27

M ilk  powder, skimmed 35-38

Fish 18-20

M eat and liver 18-22

Protein content o f net available food supplies in som e
countries
The total protein contents of net available daily food supplies 

per caput in the developing countries range from 38-54 g as com­
pared with 82-120 g in the developed countries. The availability 
of animal proteins is low (4-8 g) in the developing countries while 
it is high (30-75 g) in the developed countries (Table 4.10).



Table 4.10 P r o t e in  c o n te n t s  o f  n e t  food s u p p l i e s  in  s o m e  c o u n t r i e s  
(1963-65)* ( c a p u t  day)

Country
Pi O T t ' i n s

Ani’i'al Vei^ftablc Total

Europe
Italy 32.6 49.6 82.2
U .K . 53.1 36.0 89.1

N o rth  America
Canada 62.4 31.5 9.3.9
U.S.A. 65.6 26.7 92.3

South America
Argentina 47.') .37.0 84 9
Brazil IS.7 52.6 71.3

N ear East
U.A.R. 12.6 71.5 84.1

Far East
Ceylon 36.S 45.1
India 5.7 4S.2 53.9
Indonesia 4.5 33.7 38.2
Japan 23.6 54.8 78.4
Pakistan 5.5 45.2 50.7
Philippines 15.7 32.8 48.5

A frica
Ghana 11.1 35.7 46.S
Uganda 10.9 47.5 58.4

Oceania
Australia 60.0 30.2 90.2
New Zealand 75.3 44.9 120.2

* FA O  Production  Year Book (1966), Vol. 20.

Mutual and am ino acid supplementation of proteins
There are two ways of improving the nutritive value of dietary 

proteins (1) by blending two or more proteins so that the excess of 
essentia! amino acids present in one protein makes up the 
deficiencies of the same amino acids in another protein and (2) by 
supplementation of the dietarr proteins with limiting essential 
amino acids. During recent years, L-lysinc and Dl-rnethionine



are being manufactured on a large scale at low cost in U.S.A. and 
several other countries and are being used to imjirove the 
nutritive value of proteins of animal feeds. There is considerable 
scope for the fortification of proteins of human foods with limiting 
amino acids.

Mutual supplementation
Improvement of cereal proteins: Cereals, in general, are limit­

ing in lysine and threonine while legumes, milk, meat and fish arc 
good sources of the above two amino acids. Hence, the proteins 
of legumes, milk, meat and fish supplement effectively cereal pro­
teins. The results of some of these studies arc given in Table 4.11.

Table 4.11 Mutual supplementation between proteins

Basic I’rotein source PE R

Cereals and Millers
Italian Millet ... O.SO

;) * > -f Chickpea ...  2.20
Kaffir corn ...  1.61

t » 5 > +  Chickpea ... 1.91
M aize,  meal, white ...  0.32

:> }> +  Fish flour ... 1.31
n »> +  Soybean flour ...  1.66
, , ,, -j- Skim milk solids .. .  1.S4

Pearl millet ... 1.60
>> +  ChicUpea ...  2.16

Rice .. .  1.34
j . +  F ish flour ...  2.50

W hea t  flour, white ... 0.71
+  F ish  flour ... 2.12

i> >* +  Soybean flour ... 1.86
?> >> +  Skim milk powder . . .  2.16

Oilseeds:
Soybean meal ...  1.73
Sesame meal ...  1.72
Soybean +  Sesame ... 2.12

Soybean and sesame proteins: Soybean protein^ are good 
sources of lysine but arc deficient in methionine while sesame



proteins are good sources of methionine but arc deficient in lysine. 
Hence, the proteins of sesame supplement effectively those of 
soybean (Table 4.11).

Improremenis of proiein quality in poor cereal diets by 
supplementation zvif/i legume and milk proteins: 'The proteins of 
poor diets based on different cereals are limiting in Ivsine .ind 
threonine. Their quality can be impro'.ed eifecti'relv b'r ihe 
incorporation of legumes, soybean or milk pi'oteins in the diets.

Amino acid supplementation of proteins

Improvement of protein quality in cereals and cereal diets by 
siipplenieiifation ivith lysine and threonine: Studies carried 
out b\' several workers have shown that supplementation 
with, h’sine alone or a mixture of Ivsine ami threonine brings 
about a marked increase in the PER of cereal ]>roteins or proteins 
of poor cereal diets (Table 4.12).

Improvement of the quality of soybean and cow’s milk proteins 
by supplementation with methionine: The proteins of soybean

Table  4.12 A m i n o  a c i d  s u p p l e m e n t a t io n  o f  p r o t e in s  o f  s o m e  c e r e a l s
a n d  c e r e a l  d i e t s

Prote in I'.fficiency Ratio
Protein .source

Xo
supplement 1* Lysine +  Lysine and 

threonine

Cereals ami .Millets:
W heat 0.93 1.45 2.00
Rice 1.50 1.91 2.61
Sorghum  (Uaffir corn) 2.44 2.92
Pearl Millet 1.70 3.40 3.53
Ragi 0.95 2.08 3.12

Poor Cereal diets:
W heat diet 1.73 2.58 2,70
Rice diet 2.52 2.71 3.46
Sorghum  diet 1,99 2.71 2.80
Pearl Millet diet 2.IS 3.16 3,22
Ragi diet 2.05 2.37 2.76



and cow’s milk are deficient in methionine. Supplementation 
with methionine helps to increase the PER of soybean pro­
teins from 2.0 to 2.9 and of cow’s milk proteins from 3.0 to 4.0.

Improvement of the quality of sesame and sunflozuer seed 
proteins by siipplemetitation zvith lysine: Supplementation with 
the limiting amino acid—lysine—brings about an increase in the 
PER of sesame proteins from 1.7 to 2.9 and of sunflower seed 
proteins from 1.2 to 1.8.

PROTEIN-CALORIE MALNUTRITION IN CHILDREN
CProtein-calorie malnutrition (kwashiorkor and marasmus) is 

widely prevalent among weaned infants and presc'nool children 
in India and other developing countries. The diets consumed 
by weaned infants and preschool children in these countries are 
lacking in proteins, calories, certain vitamins and minerals. The 
word ‘kwashiorkor’ was given to this disease by people of Gold 
Coast in Africa, and was first introduced by Dr Cicely 
Williams in 1935. The term ‘kwashiorkor’ means ‘the disease 
which the child gets when the next baby is born’ i.c., ‘sickness of 
the deposed child’. She discovered that the disease could be cured 
by feeding milk.

KWASHIORKOR

The important clinical signs and symptoms of kwashiorkor 
are as follows:

Growth failure: This is manifested by decreased body length 
and low body weight in spite of retention of water in the body 
(oedema) and presence of subcutaneous fat in some children. This 
growth retardation is primarily due to the general quantitative 
lack of proteins.

Mental changes: Several workers have stressed on the constant 
^nding of mental changes described as apathy and peevishness.
’ In advanced cases, children tend to live in an inert, listless condi­
tion and show no interest in the surroundings.

Oedema: Oedema occurs at first in the feet and lower legs 
and then may involve the hands, the thig'ns and face. The 
oedema is mainly due to lowered serum albumin and probably also



due to liigh sodium and low potassium levels in serum. There 
is also some evidence tliat the normal diuretic-antidiuretic hormo­
nal control of urine secretion is upset.

Muscle wasting: Muscle wasting is a constant feature of 
kwashiorkor and a reduction in the circumference of the upper 
arm is usually evident. !t is less affected hy oedema than in the 
forearm or leg.

Moon-face: The fidl well-rounded face, known as moon- 
face, is often present in kwashiorkor.

Liver changes: Liver is slightly enlarged and fatty infiltration 
of liver is usually present.

Gastro-intestinal trad: Loss of appetite and vomiting are 
common. Diarrhoea is present in most cases.

Skin and hair changes: The characteristic skin changes of 
kwashiorkor are known as the ‘crazy pavement’ dermatosis. This 
is most marked on the buttocks, backs of thighs and axille. These 
lesions consist of dark hyperpigmental brownish black areas of 
skin.

Anaemia: Anaemia is invariably present. It is due to the 
deficiency of iron and folic acid. Anaemia may be aggrae'ated by 
parasitic infection which prevents the absorption of nutrients.

Vitamin deficiency: Signs and symptoms of vitamin A 
deficiency such as xerophthalmia and keratomalacia are widely 
prevalent. Angular stomatitis and glossitis due to deficiency 
of riboflavin may be present.

Biochem ical changes

Several biochemical changes have been reported in children 
suffering from kwashiorkor.

Serum albumin: The scrum albumin content is usually low 
ranging from 0.7 to 2.2 g/iOO ml. serum compared with normal 
values of 3.5-4.0 g. The serum albumin level is a good index of 
the severity of the disease and the rise in serum albumin level 
during treatment is a reliable index of the rate of recovery.

Enzymes in serum and digestive juices: Low levels of choline
esterase, alkaline phosphatase, amylase and lipase have been



reported in kwashiorkor. In experimental animals fed on protein 
deficient diet, reduction in the lipase, amylase and protease activi­
ties of pancreas has been reported.

Lipid metabolism.: Lipid metabolism is affected as there is 
fatty infiltration in liver.

Carbohydrate metabolism: Low levels of blood glucose are 
usually found in severe cases.

Electrolyte and water balance: A deficiency of potassium occurs 
as a result of diarrhoea. The loss in body potassium may be as 
high as 40 per cent. A deficiency of magnesium also arises due 
to the same causes. Serum sodium levels are usually normal. 
This may be due to adequate intake of salt in the diets usually 
consumed by these children. There is retention of water in the 
body (oedema) due to low serum albumin levels.

Treatment

The main principles of treatment are to ensure («) an acceptable 
and readily digestible diet (liquid diet initially for a week) rich in 
proteins, calories and supplying all other dietary essentials in 
required amounts and {b) treatment of any bacterial and parasitic 
infections present. The photograph of a child before and after 
treatment is shown in Plate I.

Diet: The diet usually consists of skim milk powder 
(re-constituted), sugar, cooked cereals and ripe banana. Fat is 
introduced in the diet from the 2nd week of treatment. Vegetable 
protein mixtures along with sugar, cereals and ripe banana have 
proved useful in the treatment of mild to moderate cases of 
kwashiorkor.

Calories: The calorie intake should be 140-150 KCal per kg 
body weight. This can be achieved by the addition of sugar 
and fat to the diet. The rate of recovery with calorie intakes of 
140-150 KCal/kg is faster than that observed with intakes of 100 
KCal/kg.

Proteins: The proteins present in the diet should be of high 
nutritive value. Milk proteins are commonly used, as skim milk 
powder is readily available at low cost. Rapid recovery has been



reported on protein intakes of 3-5 g/kg body weight in the form 
of milk proteins.

Vitamins: Vitamin A deficiency is commonly present in 
children suffering from kwashiorkor. In severe vitamin A deiici- 
encv, parenteral administration of 50,000 I.U. of vitamin A (oil 
soluble) and in milder cases, oral administration of 50,000 I.U. 
of vitamin A will be adequate to effect a cure.

Anaemia: Administration of iron salts and folic acid is essen­
tial to cure the anaemia.

Electrolytes: Potassium chloride (3-4 g) and magnesium 
chloride (0.5 to 1.0 g) should be added to the diet daily. The 
treatment should be continued for a period of 4-6 weeks til! the 
subjects have fully recovered and regained normal weight.

NUTRITIONAL MARASMUS

Nutritional marasmus is principallv due to the consumption 
of diets markedly deficient in both proteins and calories. It is 
seen most commonly in weaned infants of about 1 year of age in 
contrast to kwashiorkor which occurs more often among children 
of the age group 2-4 years. Nutritional marasmus usually is 
precipitated by diarrhoeal diseases.

Clinical features: The two_ constant features of nutritional 
marasmus are growth retardation and severe wasting of muscle 
and subcutaneous fat (Plate II).

Groivth retardation: This is usually very severe. Loss of 
weight is much more marked than decrease in height. The child 
is usually below 60 per cent of the standard weight.

Wasting of muscle and of subcutaneous fat: The sidijcct is 
severely emaciated. The muscles are wasted. The arms arc thin 
and the skin is loose. Subcutaneous fat is practically absent.

Other changes: The skin is dry and atrophic. The subject 
shows signs of dehydration. Eye lesions due to vitamin A defici- 
enev and anaemia may be present.

Biochemical changes: There is slight lowering of serum albu­
min. \'itamin A content of serum is low. The important diffe­
rences in the clinical and biochemical features between marasmus 
and kwashiorkor are given in Table 4.13.



Plate I: Left:  A child suffering from kwashiorkor showing oedema 
of legs, hands and crazy pavem ent dermatosis. 

Right:  Same child after t rea tm en t  with processed pro te in  food



P i a U  I I :  L i  f t :  A child suti'crin.y trom marasmus
Sanu- child after (reatment with proti in enriched cereal food



Table 4.13 S a lien t fea tu res  o f  m a r a sm u s and  kw ash iorkor

Features Marasm us Kwashiorkor

Age of m ax im um  incidence 6“18 m onths 12-48 m on ths
Loss of body weight 
Emaciation (Loss of muscle and

+  +  + +  to +  4-

subcutaneous fat) + +  +  -h +  to +  4-
Oedema Absent +  to 4- 4-
Fa t ty  infil tration of liver 0 to + 4- 4- -h
Skin changes + H- +  +
Serum album in Slightly less Markedly less
Serum  enzymes 
Serum  lipids

Slightly lowered Markedlj  lowered

Triglycerides Normal Normal
Cholesterol Normal Lowered
Non-esterificd fatty acids Elevated Elevated

Blood sugar jS’orraal Slightly lowered
Response to adrenaline Exaggerated Lowered
Blood Urea Normal Lowered
Increase in body wt. after high prote in  

and high calorie therapy  during
the  first 4 weeks Slow Satisfactory

Treatment: The diet for the treatment of marasmus is similar 
to that used for kwashiorkor. The photograph of a child before 
and after treatment is shown in Plate II. The clinical improve­
ment and the increase in body weight are quite slow as compared 
with those obtained with kwashiorko\'.

I

MARASMIC-KWASHIORKOR

In countries where the incidence of protein-calorie malnutrition 
(PCM) is high, a large number of cases show signs and symptoms 
of marasmus and kwashiorkor. These intermediate forms are 
called ‘Marasmic-kwashiorkor’. In addition, the inter-relation­
ship between the two major syndromes are such that changing- 
circumstances may result in a transition from one clinical picture 
to another. A child with early kwashiorkor can develop nutri­
tional marasmus by severe infective diarrhoea and ill-advised 
prolonged under-feeding. Conversely, an infant with nutritional



marasmus may develop kwashiorkor if it is fed on protein deficient 
carbohydrate rich foods along with adequate common salt.

Treatment: The diet in the treatment of m.irasmic-kwa.shior- 
kor is the same as that used in the treatment of kwashiorkor.
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NUCLEIC ACIDS

Nucleic acids are important constituents of cells. They are 
broadly divided into two groups, depcjtding on the pentose 
(deoxyribose or ribose) present in them. The deoxyribonucleic 
acids (DNA) are found in the nucleus while the ribonucleic acids 
(RNA) are found in cytoplasm. Recent studies have shown that 
they play an important part in the synthesis of proteins, in the 
division of cells and in determining the activity of viruses and 
bacteriophages.

CHEMISTRY

Nucleic acids contain the following substances; (1) purine 
and pyrimidine bases, (2) ribose or deoxyribose and (3) phosphoric 
acid as indicated below:

D N A
(Deoxyribonucleic acid) 

Phosphoric  acid 
Deoxyribose 
G uanine  ^
Adenine ) 
Cytosine  f 
T hym ine  '

Purine  bases

Pyrimidine bases

R N A
(Ribonucleic  acid) 

Phosphoric  acid 
Ribose 

J Guanine  
1 Adenine 
( Cytosine 
I Uracil

If we designate phosphoric acid as P, the carbohydrate as C 
and the base as B, the combination of the three in nucleic acids is 
as follows:

P - C —B
I

P —C —B 

P— C—B
I

P—C —B

P-—C-—B is known as nucleotide. When the phosphoric acid 
is removed, the compound C-—B is known as nucleoside. The 
nucleotide found in muscle and other tissues which plays an impor­
tant role in phosphorylation reactions is known as adenylic acid.



Molecular size: From the viscosity measurements and sedi­
mentation. rates, the molecular weight of DXA has been found to 
be of the order of 6 million (6 X 10®) or higher, hlolecular weights 
reported lor RNA’s range from 10,000 to 30,000 for a soluble 
RNA to 2 million (2 10®) for tobacco mosaic virus RXA.

Molecular architecture of D X A : .Vppiication of X-ray diffrac­
tion analysis and electron microscopic studies has helped in 
unravelling the structure of DXA. Watson and Crick proposed 
that DNA is composed of two chains of polynucleotides which 
exist in a double helical structure. The main chain of each strand 
consists of deoxAudbose nucleotide residues, joined bv 3’-5' 
phospho-diestcr bridges (Fig 5.1). The two chains are held 
together in part by hydrogen bonding, each amino group being 
joined to a keto group i.e. adenine to thymine, thymine to adenine, 
guanine to cytosine etc. In each case, the pairing involves a 
pyrimidine and a purine base.

P — suQcr — T . Ajacr—P
p /  , “ /r —sugar — T .. .. A - :..oar—P

3' '  / 5'
1 r — suoar —G.. ..C —sucor—P t1 p / / Ir—sugar—A .. ..T —sugar — P I

5' X 3'r—suaar —C .. ..c—y V
Fig. 5.1. Two dim ensional depiction of a segm ent of the 

double polynucleotide chain in DNA
. . . H bonds betsveen bases A —T  and G —C.
--------- Covalent bonding.

Structure of ribonucleic acids: Several types of ribonucleic 
acids have been found in the cytoplasm of the cells. The inter­
nucleotide linkages in them are indicated in I'ig 5.2.

Py Pu Pu Py Py Pu

\p  i G :

Fig. 5.2, Schem atic representation of linkages in RNA



P — P h o s p h o r i c  a c id
P y  — P y r i m i d i n e  b a s e  ( C y t o s i n e  a n d  U r a c i l )
P u — P u r i n e  b a s e s  ( G u a n i n e  a n d  A d e n i n e )
3 ' a n d  5 '  a r e  h y d r o x y l  g r o u p s  in  t h e  r i b o s e  l i n k e d  t o  t h e  p h o s p h o r i c  a c id -

Viruses and hacteriophages: There is evidence that viruses 
are composed of DNA or RNA and bacteriophages are composed 
of DNA.

llw  structure of gene: Data regarding the chemical structure 
of gene have been pror ided by a variety of studies which are sum­
marised below. The data indicate that the activity of genes is due 
to DNA in most of the cases. (1) Alutation of genes is produced 
by ultraviolet light. The action spectrum (those wavelengths of 
light which cause this effect) which is effective in producing muta­
tions is in close agreement vith the absorption spectra of DNA.
(2) The transforming substances of bacteria which carry heredity 
information consist of DNA. (3) The DNA content of a set of 
chromosomes is constant for each species. Ail these evidences 
have led to the view that the genetic material consists of DNA in 
all cases except for certain plant and animal tissues where RNA 
serves this function.

Nucleo-proteins: DNA is found in the nuclei of cells as parts 
of the chromosome structure. Basic proteins, cither histones or 
protamines, are associated with DNA, undoubtedly as a resedt of 
ionic linkages between anionic phosphate groups of DNA and 
cationic groups of the basic amino acids of histone and protamine.

SYNTHESIS OF PROTEINS

The synthesis of proteins takes place within each cell from the 
free amino acids available to it from the blood. The free amino 
acids in blood are increased as a result of absorption of amino acids 
through the intestines from the dietary proteins, by the hydrolysis 
of tissue proteins by the cathepsins present in the tissues and 
by synthesis from non-amino acid precursors by transamination. 
Protein breakdown and synthesis proceed simultaneously at all 
times resulting in a continuous turnover, more rapidly in some 
tissues than in others. The most recent evidence concerning the 
mechanism of protein synthesis indicates the participation of three 
different types of RNA as well as DNA. The available evidence 
is briefly summarised below;



Activation of ammo acids: There is evidence that tlie first step 
in protein synthesis consists of activation of the amino acids. This 
occurs through reaction with ATP in the presence of activating 
enzymes, each one of which is specific for one amino acid. Tlie 
result of this reaction is the formation of amino acid adenylates, 
in which a mixed anhvdride is formed between the carboxyl group 
of the amino acid and the phosphoric acid of adenylic acid.

Transfer to soluble R N A : In cytoplasm, there are a number of 
relatitx'lv low molecular weight (25,()()0-,35,000) soluble ribonu­
cleic acids (S-RXA). Each S-RNA is specific for or has specific 
sin s for a particular amino acid which it accepts from the activated 
amino acid adeiivlate. In this process, the amino acid is trans­
ferred from the activated complex to the ribosc moiety of the termi­
nal adenylic acid of S-RXA forming an ester bond at either the 
2' or 3' hydroxyl positions. An amino acid acyl-S-RNA is thus 
formed. The amino acid is transferred to ribosomal RNA, releas­
ing S-RNA which again can accept another amino acid adenylate. 
S-RXA therefore acts as a carrier between the activated complex 
and ribosomal RNA. S-RXA is referred to as the transfer RN.\ 
and the ribosomal RXh\ as the ‘acceptor’ RXA.

Role of Messenger RNA  (hl-RXA): Recently, it has been 
found tiiat a ribonucleic acid known as messenger RX.V, is synthe­
sised in the nucleus in direct contact with DXA. After fornvjtion, 
the IVI-RXA difi'uses from the nucleus into the cytoplasm where 
it combines in some manner with ribosomal R.NA (acceptor RX.\) 
and imparts to it a specificity which determines the amino acid 
sequence of protein synthesised. The AI-RNA has a high turn­
over rate. With the help of hl-RNA, the DXA present in the 
nucleus controls the nature of the proteins which are synthesised 
in the cytoplasm.

The nucleic acid code {Genetic code): In recent years, inten­
sive studies hat'c been made bv several workers on the mechanism 
by which the sequence of amino acids in proteins is controlled. 
Some 20 amino acids may occur in a protein chain and the 
sequence of the amino acids is controlled bv a scciucnce of nucleo­
tides w hich contains only 4 different purine and pvrirnidine bases. 
A sequence of only 2 bases arranged in all possible combinations 
from the four which occur in nucleic acids w'ill vield only 16 diffe­
rent combinations, a number insufficient to be specific f ir e ich of



the possible amino acids. Therefore, a sequence of at least 3 bases 
which would allow 64 possible combinations is the minimum pos­
sible. Such a code is known as a triplet code. Evidence for the 
existence of a triplet code has also been obtained by experiments 
involving deletion, addition and mutation of bases, one or more 
at a time, from natural and synthetic polynucleotides and observ­
ing the effect on amino acid incorporation into a polypeptide. It 
has been found that 60 to 62 of the 64 triplets do indeed code for 
the 20 amino acids required in the synthesis of proteins. Conse­
quently, there may be more than one code word or ‘Codon’ for a 
given amino acid. This is referred to as ‘degeneracy’ of the code. 
Two of the 64 triplets do not code for any amino acid. Rather, 
they seem to function as information to terminate a polypeptide 
chain at that point. As a result of this function, these triplets are 
termed ‘Chain-terminating triplets’.
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C hapter 6

r'HE COMPOSITION AND FUNCTIONS OF 
TISSUES AND ORGANS

The human body contains severai \'ital organs and tissues 
which carry on the life processes. The composition and func­
tions of various tissues and organs are briefly outlined below:

MUSCLE
Muscular tissue constitutes about 40-50 per cent of the bod\' 

bv weight and is therefore the largest single tissue component of 
the bodv. Three major categories of muscles are kno\\Tt (i) ske­
letal muscle—striated voluntary (//) cardiac muscle (striated) and 
(ui) plain smooth muscle (involuntary e.g. muscles of stomach, 
intestines, bladder, uterus etc.).

SKELETAL MUSCLE
Skeletal muscle accounts for the produedon of a greater part of 

the energy in the body. Muscle contains about 75 per cent water, 
18 to 20 per cent proteins, 1-2 per cent glycogen and about 5 per 
cent of other organic and inorganic compounds. Three major 
categories of cellular organization are known in muscle 
(i) myofibrils, responsible for contractile acti\Tty [ii) sarcoplasm, 
containing glycolytic and other enzymes and (Hi) mitochondria, 
containing the enzymes for respiration and oxidative phosphory­
lation. The important proteins present in muscle are discussed 
below:

Myoglobin: It  is a water soluble protein jnesent in sarcoplasm 
Avhich differs from haemoglobin in molecular weight and amino 
acid composition. It is a haem-protein which combines reversibly 
witlr oxygen. Myoglobin can bo released from muscles after 
crushing or otlier ph'osical injury and because of its relatively small 
molecular weight, it is filterable through the renal glomeruli and 
may appear in urine.

Proteins of myofibril: Myosinwas first obtained in a crystalline 
form by Szent-Gyorgyi. In view of its role as a myofibrillar



Structure protein, considerable interest attaches to the establish­
ment of its molecular dimensions. It has also adenosine triphos­
phatase activity.

Act In: This has the striking property of existing in two 
forms: globular (G) and fibrous or polymerised (F).

Actomyosin: It is formed when solutions of myosin and actin 
are mixed in the ratio of 3:1.

Other compounds: Muscle contains other important com­
pounds such as creatine, phosphocreatine, adenosine triphos­
phate (ATP), adenosine diphosphate (ADP) and adenosine 
monophosphate (AMP) which play an important part in energy 
metabolism in muscle.

Biochemistry of muscular activity: The sequence of chemical 
changes during muscular activity is as follows: (1) Breakdown 
of ATP to ADP, phosphate and energy for initial muscular work 
(2) Reaction of creatine phosphate with ADP to give ATP and 
creatine (3) Breakdown of muscle glycogen to lactic acid (anerobic 
phase) and (4) Oxidation of lactic acid to CO  ̂ and water (aerobic 
phase) through the tricarboxylic acid cycle. Acetyl COA and 
ketone bodies derived from o.xidation of fatty acids arc also oxidised 
to CO„ and water through the tricarboxylic acid cycle.

LIVER

Liver is an important organ which takes part in several 
metabolic functions. It stores glycogen, vitamin A and vita­
min Bj2 and synthesises plasma proteins, fibrinogen, prothrombin 
and heparin. It secretes bile which is essential for the absorption 
of fat and fat soluble vitamins. It plays an important part in 
carbohydrate metabolism especially synthesis of glycogen from 
glucose, fructose and galactose and regulation of blood sugar level 
and also in the metabolism of fats and proteins. It takes part in 
detoxication of organic compounds such as drugs, food preserva­
tives etc.

Diet and Liver Function
Diets deficient in protein and choline and high fat diets affect 

the structure and functions of liver.



(rt) Prctein doficipiicv: riiis rtsuhs in loss of !i\ tr  proteins. 
Cytoplasmic vaculation and p, ; f.ntv i'-niitration are also
observed.

(/;) Choline deficiency: This causes tatty Hwr (eentrilohiilar 
fatty infiltration).

(c) High fa t diets: Diets rich in fats also cause fatty liver.
(d) Toxic agents: Chloroform, carbontctrachloride etc., cause 

cirrhosis of the liver.

Liver Function Tests

Liver function tests are useful as diagnostic aids to assess the 
function of the liver in certain diseases.

(/) Galactose tolerance test: Galactose absorbed from the 
intestines is normally converted into givcogen in the liver and sub­
sequently released as glucose for utilisatif)ii by tissues. In a liver- 
less animal, galactose is not utilised and is excreted in urine. If 
liver function is impaired, only a part of the galactose may 
be utilised. The test consists in aelministering orally 40 g 
galactose and determining blood galactose at 0.5, 1.0, 1.5 and
2.0 hr. intervals. In normal subjects, the blood galactose rises 
very slightly. If liver is damaged, a rise in blood galactose takes 
place. The sum of the four galactose values (at the internals 
stated above) in mg per 100 ml. bltxtd gives the galactose index. 
The normal average is 68 mg. and the normal maximum is 160 mg. 
Higher values indicate liver damage.

(//) Hippuric acid test: When sodium benzoate is taken by 
mouth, it is conjugated in the liver with glycine to form hippuric 
acid. T’he test consists in administering orally 6 g of Na benzoate 
to an adult and estimating the hippuric acid excreted in the urine 
in the course of 4 hrs. In normal persons, 3 to 3.5 g of benzoic 
acid is excreted as luppuric acid. \'alue below 2.7 g is taken 
as an indication of liver damage.

(iu) Bromosulphcdein test: Normal liver cells secrete this dye 
from the blood into the bile. The test consists in injecting 5 mg 
of the dye (bromosulphalein) per kg body weight and determin­
ing the concentration of the dye in blood after 5 minutes and 45 
minutes. In normal subjects, the dye concentration in blood falls



to 85 per cent of initial value in 5 minutes and 5 per cent of the 
initial value after 45 minutes. A value exceeding 10 per cent 
after 45 minutes indicates liver damage.

{iv) Blood coagulation: In liver disease, the formation of pro­
thrombin and Factor VII are reduced and the blood coagulation 
time is increased. If administration of vitamin K does not decrease 
the clotting time, it indicates liver damage.

{v) Serum alhmnin level: Serum albumin is synthesised in 
liver. If liver is damaged, serum albumin level is lowered. Feeding 
a high protein diet fails to increase the scrum albumin level if 
there is liver damage.

KIDNEY

The kidney is one of the vital organs which plays an important 
role in the regulation of water and electrolyte balance and in the 
excretion of waste products. The formation of urine is briefly 
as follows;

(i) Glomerular filtration: The renal glomeruli filters about 
170 litres of the protein free fluid from the blood in an adult 
(Table 6.1).

(«) Tubular reabsorption: About 99 per cent of water is 
reabsorbed by the tubules so that only about 1 per cent i.e. 1.5 
litres of water is excreted as urine. Of the crystalloid ions 
filtered, nearly all sodium and chloride are reabsorbed by the 
tubules. Glucose is completely reabsorbed by the tubules in the 
normal human subjects so long the plasma glucose level does 
not exceed 180 mg/100 ml. About one third of urea is reabsorbed 
(Table 6.1).

Kidney Function Tests

The kidney function tests are used to measure the efficiency 
of the kidney in excreting waste products and also to measure 
glomerular filtration or renal blood flow. Some of the tests are 
briefly described below.

Urea clearance test: The urea clearance test aims to obtain 
a measure of the efficiency with which kidney excretes urea. It 
shows the response of the kidney to a test dose of urea. The



Table 6.1 G lo m eru la r  filtration  and  tubular reab sorption  in k id n ey s
o f  a n  a d u l t  m a n

C o n s t i t u e n t
C o n c e n t r a ­

t i o n  in 
p l a s m a  ( m e .  
p e r  100 m l)

T o t a l  in  
170 l i t r e s  o f  
g l o m e r u l a r  

l i l t r a t e

T o t a l  
e x c r e t e d  

in  2 4  h r s .  
u r i n e

T o t a l  
r e a b s o r b e d  
in  t u b u l e s

W a t e r __ 17u U. 1.5 1.. 16S.5 L .

G l u c o s e 100 170 e. n o n e 170 e.

IICO;, 150 2.5.5 is. 0.1 g. 2 : 5  c.

N a " ’ 350 56 0  e. 5 g. 555 u

Cl 365 6 20  g. 9 g. 611 j .

K 17 29 g. 2 .2  o. 2 6 .S

P h o s p h a t e  (as P) 3 5,1 g. 1-2 g. 3 .9  e.

C a -  ' 10 17 g. 0 .2  g. 16.S tr.

U r e a 30 51 g. 30 g. 21 g.

I ! 8 0 j  ( a s  S) 3 .5.4 g. 2 .7  g. 0 .7  g.

patient is administered orally 15 g urea in 500 ml. water. Blood 
samples are collected at 0, <K5, l.H, 1.5 and 2.0 hr. interva.ls. 
Urine is completely collected after 2 hours. The percentage of 
urea administered which is excreted in urine is calculated.

Iniilin clearmice fat: The soluhle polysaccharide inulin is 
filtered from the glomeruli in the same concentration as in pfasma. 
In the tubules, inulin is not reabsorbed. A test do.se of inulin 
is administered by injection and the plasma levels are determined 
at intervals. Urine is collecti d after 2 hrs and inulin content of 
urine determined. The inulin clearance rate can be calculated.

Creatinine clearance test: Creatinine is filtered from glomeru­
lus and is not reabsorbed by the tuhuK s. The creatinine clearance 
test is carried out in the same way as the inulin clearance test.

Measurement (,[ renal blood floic: This can be determined by 
using the following compounds (/) diodrast and (/7) para amino 
hippuric acid (PAH).

ORGANS OF DIGESTION

The food, we ingest, contains proteins, fats, carbohydrates, 
vitamins ami minerals. The complex carbohydrates, fats and 
proteins are broken down to simpler compounds during dicrestion.



Mouth and salivary glands: When food is taken, there is flow 
of saliva. The saliva is secreted by three pairs of glands as well 
as by the small glands of the mucus membranes of the mouth. It 
is a colourless cloudy liquid, slimy in character. Its specific 
gravity is about 1.007. It is almost neutral in reaction (pH 6.4­
7.0). Its approximate composition is given in Table 6.2.

Table 6.2 P ercen ta g e  c o m p o sitio n  o f  sa liv a

W a t e r 99 .27 N a 0,03
S o l i d s 0.73 K O.OS
O r g a n i c  s o l id s 0 .50 C a 0 .0 0 6

I n o r g a n i c  s o l id s 0 .23 C N S 0.01

M u c i n 0 .3 0 M g O.OOi

C l 0.03 E n z y m e s : P t y a l i n  ( = ( - a m y l a s e )

P 0 .0 2 L y s o z y m e

The main functions of saliva are to moisten the food and to 
facilitate its mastication and deglutition. Ptyalin (r.(-amylase) 
acts on cooked starch at pH 6.0 and hydrolyses it to dextrin, 
maltose and isomaltosc. The digestion of starch may continue for 
about 10-20 minutes till the stomach contents become more acidic. 
Another important enzyme present in saliva is lysozyme. This 
enzyme is present in most tissues and body fluids. It is a poly- 
saccharidase, hydrolysing certain complex polysaccharides present 
in the cell wall ol many different species of bacteria.

S t o m a c h

Stomach acts as a temporary reservoir of food. During the 
period, food stays in the stomach, it is acted upon by the gastric 
juice secreted by the stomach. The approximate composition of 
gastric juice is given in Table 6.3.

Table 6.3 P er ce n ta g e  c o m p o sitio n  o f  g a str ic  ju ic e

P IC I-0 .4 5 T o t a l  so l id s -0 .5 5
O t h e r  c h l o r i d e s - 0 . 1 0 7 O r g a n i c  so l id s -0 .4 1

N a - 0 . 0 5 I ( i n c l u d i n g  p e p s i n )
K - 0 . 0 2 S n o r g a n i c  s o l id s -0 .1 4
C a - 0 . 0 2 S p .  g r a v i t y - 1 .0 0 7
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The most important enzyme present in gastric juice is pepsin. 
Pepsin hvdrolvses proteins to peptones ami peptides. Free tyro­
sine is aiso a frequent product of peptic digestion. Pepsin acts on 
peptide liidr.ages at the points where tyrosine and phenylalanine 
are present.

Normaigastric response to certain fords: Wlieii diilereut foods 
arc taken, the period for which the food stays in the stomach and 
the quantity of gastric juice secreted varies with the food. If water 
is taken, it leaexs the stomach almost immediately. (Table 6.4).

Tahti' 6.4 E v a c u a t io n  t i m e  a n d  h ig h e s t  to ta l  a c id i ty  a t t a in e d  w i th
s o m e  foods*

Food
(100c portions 

unless o therwise
stated)

Average highest 
total acidity 

(ml 0.1 N alkali 
to neutralise 
100 ml juice)

Average 
evacuation 
t im e (hours 

and minutes)

Bread s o 2:4u

E g g 80 2 :40

Fish 130 2:50
Laml) (meat) 135 3:00

Milk, C ow ’s 400 ml 100 2:30
Nuts (25 to 50g) 100 3:30
Vegetables (cooked) 75 2:15

'H awk, Rehfuss and Bergeim (1 9 2 6 ) .■Ini. J .  M a t .  6'cl. 171, 359.

Fraciicnolgastric analysis: The fractional nn ihod  of analysis 
of iiie gastric contents in resjtonsc to a test meal yieid.s results 
wldch.'"-rehe!pfulinthe diagnosis of certain disetn-es of the stomacli. 
■'.a.:, pvloiic obstruction, canc. r of th ■ m - 'i rcb .  o: |-.iic nm'

.... . ' * ' ' ̂ / I y - J ■ .

;i: j.'e> dlt\g <»I the i'csi a.c d !r") ' : . c; s... ,i

(r) .itaivsis III gasii'ic ct^ntcnls iru' tlie jieenviii:;; cor.siia'ents: 
(o) .' ec IlC l {!>) total acidity (r) peptic activity (activiiv of pepsiiq 
(d) presence of lactic acid (c) presence of blood (/') presence of bile



(g) presence of starch (if the test meal does not contain starch), 
and (h) mucus.

Test meuls: Three types of test meals arc commonly used; 
(/) Evald test meal of toast and black tea [ii) Oat meal gruel and 
{Hi) Dilute alcohol (7 per cent). Evald test meal consists of 35 g 
of toast vithoLit butter and 250 ml of black tea. Oat meal gruel 
is practically colourless and docs not block the tube. It is 
prepared by boiling about 2 table spoons of breakfast oatmeal with 
l i  pint of water, straining through muslin cloth and adding sugar 
to taste. Salt should not be added, because chloride estimations 
would thereby be rendered valueless. Dilute alcohol (7 percent) 
50 or 100 ml has been extensively used.

Histamine test of gastric function: Histamine is a powerful 
stimulant for the secretion of gastric juice. 0.5 mg of histamine 
is injected subcutaneously (The test should not be conducted on 
subjects hav'ing blood pressure less than 110 mm). The gastric 
contents are continuously removed by a stomach tube at 10 minutes 
intervals for 50 minutes. The volume and acidity of the samples 
arc determined. The results are compared with the av^erage 
values obtained for normal subjects. In true achlorhydria, HCl 
is absent in the gastric contents even after injection of histamine.

Interpretation of gastric analysis

Gastric residuum
If it is foul smelling and contains food residues, organic acids 

and blood, it is indicative of carcinoma of the stomach.

Fiactiona! gastric analysis
Free HCI: Normal range (Isoclilorhydria) 10 ml to GO in! 

'i. : IlC7. pL-r 100 ml.
.  '  ’  T 7 v ;  C o m o k ' a  a '  : w v c e  N ' l l C l  e . g .  a s  i n  p a r n i c i o  : s

.7 ', V -aG'/c:; Eric TT. less tha;a lU ml olO.l NHCi par
N ' i n m

HypercIiJorJiydria: Free HCl greater than 60 ml of 0.1 NHCI 
usually in peptic and duodenal ulcers.



Pancreas

TIk- pancreas has dual functions (/) it secretes the pancreatic 
juice which contains proteases, amylase and lipase for the digestion 
of food ami («’) the islets of Langerhans jircsent in the pancreas 
secrete insulin—a hormone essentia! in carbohydrate metabolism,

Conposilion of pancreatic juice. The juice has the following 
composition:

Water 98.2%
Total solids 1.2% 

(including NaHCO;,)

(Jrganic solids 0.6",, 
(cruyiTics, mucin iTc.)

Pure pancreatic juice is a colourless transparent viscous liuid which 
has an alkaline reaction (pi I 8.4) due to the presence of NaPICO.  ̂
(0.3—0.65 per cent). In man, it is estimated that about 500 to 
1200 ml are secreted in 24 hrs.

Functions of pancreatic juice: KallCOg is present in such 
concentration that even after it neutralises the acid from an equal 
amount of gastric juice, the intestinal contents are still slightly 
alkaline.

Proteases: Proteolytic enzymes present are trypsin, chvmo- 
trvpsin and carboxy peptidases A and B. These enzymes are 
secreted in the juice in the Zyincgen or inactit'c form i.e. trypsino- 
gen, chymotrypsinogen and procarboxy peptidase. Trypsinogen 
is converted into active trypsin by the action of enterokinase, an 
enzyme secreted into the intestinal lumen by the duodenal mucosa. 
Trypsin activates chymotrypsinogen to chymotrypsin and 
procarboxv peptidase to carbo.xypeptidase. Trvpsin splits peptide 
bonds at the site of combination of arginine or lysine while chymo- 
try’psin attacks peptide bonds at the site of combination of phenv- 
lalanine or tyrosine. Carboxypeptidases hydrolyse peptides to 
amino acids.

Lipase: This enzyme is the main fat splitting enzyme in the 
gastrointestinal tract. It hydrolyses tats into a mixture of digbe- 
cerides, monoglvcerides and fatty acids.

Amvlase: Its action is similar to that of salivarv ani'.’i.Ne. 
It con\erts starch into maltose.



Intestines

The digestion of food by the pancreatic enzymes actually takes 
place in the small intestines. The last stages of digestion arc 
effected by enzymes present in the intestinal mucosa. For a long 
time, the concept prevailed that these mucosal enzymes were 
Secreted in the intestinal juice. During recent years, it has been 
demonstrated that they act on tlie end products of pancreatic 
digestion when they pass through the intestinal mucosa. A large 
number of digestive enzymes arc present in the intestinal mucosa 
viz. amylase, raaltase, sucrase, lactase and isomaltase, peptidases, 
lip.ises, lecithinase, lysolccithinase, cholesterol esterase, alkaline 
phosphatase, nucleotidase and nucleosidase. The intestinal 
mucosa also contains many synthetic enzymes.

Intestinal absorption: The absorbing area in the small intesti­
nes is very large because of the numerous villi present. The 
mucosal surface in the small intestines of an adult human has been 
estimated to be 75,000 sq. cm. The villi are covered by a single 
layer of mucosal cells and each villi has a capillary net work, the 
Venous side of which empties into the portal vein as well as the 
central lacteal which empties into the lymphatic system. In the 
normal man at rest, the blood-flow through small intestinal capil­
laries is about 1 litre per min. and during digestion the blood- 
flow is still more rapid. Intestinal absorption may be active or 
passive. Activ'e absorption is a rapid and specific process which 
has the following characteristics: (a) it occurs against a concentra­
tion gradient and (h) it is dependent on metabolically obtained 
energy. Passive absorption lacks the above two characteristics.

C entral N ervous System

The central nervous system consists of the brain which gives 
rise to 12 pairs of cranial nerves and the spinal cord from which 
31 pairs of spinal nerves emerge. The cerebral cortex with its 
appendages is concerned with the highest functions of associa­
tion, memory etc. The spinal cord, the brain stem and 
cerebellum i.e. the greater part of the brain without the cerebral 
cortex, are chiefly concerned with reflex functions of an instructive 
type and with conduction to and from the cerebral cortex.

Chemical composition: Probably in no other tissue of the body 
is the relationship between structure, chemical composition and



function, more complex than in the nervous system. The approxi­
mate composition of brain tissue is as follows, hloisture 77 to 
78 per cent; Protein (X X  6.25) S - 9  per cent; Lipiels 10-12 per cesit 
and soluble constituents 1.8 to 2 per cent.

Proteins: hlost of the proteins aeppear as conijiiexes with 
lipids, carbohydrates and other constituents. \'ery little is known 
regarding the nature of the proteins.

Lipids: Large amount of inform ition is axadable on tlie 
chemical nature of lipids present in the nervous tissues. Lipids 
present in nervous tissue can be broatlly classified into three grou-ps 
(/) phospholipids (/7) glvcoHpiJs and (///) cholesterol. Xervous 
tissue is exceptional among bodv tissues in that it contains neither 
cholesterol esters nor triglvcerides, except in certain degeneratiw 
diseases. The total lipids of the white matter contain about 50 
per cent phospholipids, 25 per cent glycolipids and 25 per cent 
cholesterol.

Inorganic salts: Sodium, potassium and chloride arc the main 
inorganic constituents present in the nervous tissues.

Free amino acids: The amount of free X-nnrino acids in brain 
is considerably higher than in blood plasma. Six of the amiiio 
acids account for over 75 per cent of the total free ami.Kj 
acids. These are glutamic acid, X-acelylaspartic acid, glutamine, 
y-amino butyric acid, aspartic acid and glutathione.

The blood-brain barrier: The rate of entry of many substances 
from blood to the brain is controlled by a membrane. The exact 
nature of this membrane is not known. This liarrier controls tiie 
passage of certain nutrients and drugs from the blood to the brain.

Malnutrition and brain junction: Pvridoxine tlefieiency causes 
seizures in experimental animals and during this condition tile 
concentration of y-aminobutyric acid in the brain increases. 
Research on exjunimental animals has sluiwa that protein I'lai- 
autrition/>er se is capable of producing plu sical, biocheaiical ;i ai 
functional changes, in the central nen'ous svstem. Tliis sufiject 
has been dealt with in detail in Chapter 14 in i'oluine id

hoNi-:
ilcne consists of both organic and in,organic substances. Ibmc 

can be regarded as a connective tissue made rigid bv orderlv



deposition of mineral crystals. Bone fibres consist of collagen, 
encrusted with crystalline calcium phosphate, the fibres being held 
together by amorphous cementing substance (ground substance) 
of muccpolysaccharides. Collagen and ground substance together 
comprise the bone matrix. It is important to remember that 
both of them are being continuously formed and broken down.

Chemical composition: Bone consists of 35 per cent mineral salts 
(mostly calcium phosphate) 20 per cent organic matrix of which 
95 per cent is collagen and 5 per cent ground substance and 45 per 
cent water. The mineral salts consist chiefly of hydroxyapatite 
3 Câ j (PO^),„ Ca (OH)., but they also contain calcium carbonate 
and citrate and small amounts of magnesium, sodium, potassium, 
chloride and fluoride.

Bone 77ietabolism, groiuth and replacement: The calcified mass 
of adult bone has three types of surfaces: (i) A surface on which 
there is no change, (ii) A surface on which bone is being formed 
and {Hi) A surface in which bone is being resorbed.

Bone formation and bone resorption go on continuously and 
simultaneously throughout life, though the rates change with age 
and vary with different parts of the skeleton. The dynamic aspects 
of bone formation and resorption are under the control of two 
types of cells. Bone formation is controlled by single nuclear cells 
called osteoblasts and bone resorption by multinuclear giant cells 
called osteoclasts. The function of osteoblast is to lay down a 
calcifiable collagen fibril in a suitable ground substance.

Role o f vitam ins A, C and D
Vitamin A :  In vitamin A deficiency, the growth of skeleton 

is impaired. Rats given excessive amounts of vitamin A develop 
multiple fractures of the long bones and bone deformities have 
been observed in children receiving excessive amounts of vitamin A.

Vitamin C: Vitamin C is essential for normal bone formation. 
In vitamin C deficiency, the ground substance is not formed.

Vitamin D: Vitamin D promotes the absorption of calcium 
from the intestinal tract. The vitamin also acts in a more direct 
manner on the bones promoting calcification. Administration of 
vitamin D causes degeneration of the growing cartilage cells of 
the epiphysis; this is followed by invasion of the older cartilage



zone by blood vessels which bring the necessary calcium salts and 
thus permit ossification to proceed.

E pithelial .\nd Connective '1'issues

I'.piihcJiid tissue: The major jiortions of hair, nails, feathers 
ami llu; epidernui! layer of the skin is made up of prut-, ins called 
kcruiius. As a class, the keratins are cliamctcrised by th^ir extreme 
insohibilitv in tlie usual protein solvents. Tiiey are rich in 
snlplnir amiiio acids (cystine) and are not acted upon b\' digestive 
enzymes. The keratin molecule is considered to consist of closely 
packed jxilvpeptide chains which are held together bv disulphide 
bomis of c\stinc. Keratins harx* been grouped broadly into two 
cias.-,es, (/) eukcratins and (/;) pseiido-keratins. The eukeratins 
are found in hair, nails, feather and liorn. They contain, in addi­
tion to other amino acids, the amino acids, histidine, lysine and 
arginine in the approximate ratio of 1:4:12 with large amounts of 
cystine. The pseudo-keratins, found chieily in the skin, contain 
less cystine and do not have the same histidine-lvsine-arginine 
ratio as eukeratins. The composition of the hair is inlhienced 
by age and sex. Human hair contains more evstine than wool 
and feathers.

Connective tissue

White fibrous tissue: The principal solid constituent of white 
fibrous connective tissue is collagen. Collagen is also found in 
bone, cartilage, ligament and in lesser amounts in skin. Collagcn.s 
from various sources have different amino acid composition. The 
amino acid composition of collagen differs markedly from that of 
keratin. It has a very' low cystine content and does not contain 
tryptophan. The concentrations of glvcinc is highest followed 
by prolinc and liydrcxyprolinc. Despite the dilfercnce in the 
composition of collagen from various sources, glycine always 
represents about one third of all amino acids and a second third 
ol the molecule is composed of prolinc and hydroxyproline. 
Gelatin is iormed when collagen is boiled in water or very dilute 
acids.

yellow elastic tissue (Elasiin): The principal solid constituent 
ot the elastic tissue is elastin, a protein similar in properties to



collagen. Elastin differs from collagen in containing less 
hydroxyproline but more of leucine and isolcucine. It is also very 
rich in glycine.

Cartilage: The principal solid constituents of the matrix of 
cartilaginous tissue arc collagen, chondromucoid and chondro- 
albuminoid.

R E F E R E N C E
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Chapter 7

ENDOCRINE GLANDS

The endocrine glands secrete certain active principles known 
as hormones which regulate the physiological and biochemical 
processcsinthe bodv. The term ‘hormone’ was first used for these 
compounds by Bayliss and Starling in 1892. Hormones produced 
by endocrine glands are secreted into the blood and transported 
to various organs and tissues where they exert their effects. The 
major endocrine glands indicating the horjnoncs produced by them 
are given in Table 7.1.

Table 7.1 M a jo r  E n d o c r i n e  G la n d s

E ndocrine  g land and horm one Ji’ndocrine  gland and hormone

Adenohypophysis: Corpus lilt emu:
Prolactin Progesterone

A drenocort icotropin  (A C T H ) Rela-xin

T hy ro tro p in  (T SH ) O v a r y :
Som ato trop in  (growth hormone) 
Lute in iz ing  or interstitial cell-

Estrone  and estradiol

s timulating horm one (L H  or Placenta:

IC S H ) Estrogens

Follicle-stimulating horm one Progesterone

(FSH) G onado trop in
Relaxin

Neurohypophysis: Pancreas
Oxytocin; Insulin
Vasopressin  (antidiuretic  hor- Glucagon

loonc) Parathyroids

Adrenal medulla Para thorm one

Epinephrine Tisiis:
N orep inephrine Testos te rone

AdiA. iial coricx: Pars Intermedia:

*'drenal cortical steroids 
Aldosterone

Melanocyte-stimulating norm.me
fM S H )

Corticosterone: 17-hydroxycorti- Thyroid
costerone Thyrox ine  and triiodothyroii ine



A d r e n a l  G l a n d s

The adrenal glands in mammals are located near the upper 
pole of the kidneys. Each gland consists of two parts (1) Cortex 
and (2) Medulla.

Adrenal cortex:
The adrenal cortex is essential to life. It p.articipates 

in responses to stresses of various kinds and regulates the 
metabolism of carbohydrates, protein, fat, water and minerals. 
The important hormones secreted by the glands are listed below:

G ro u p Nam e of compound M ean  daily secretion 
in adults

Glucocorticoid Cortisol 15-30 inff
Corticosterone 2-5 rag

Mineralo-corticoid Aldosterone 5-150 Vg
11-deoxy corticosterone traces

Androgen Dehydroepiandrosterone 15-30 mg
Progestin Progesterone 0.4-0.8 mg
Oestrogen Oestradiol trace

Glucocorticoid: Corticosterone is of very little importance in 
man. It has a weak effect on protein metabolism favouring 
conversion of protein to carbohydrate and fat.

Cortisol: Cortisol has physiological actions, in daily doses of 
25 mg to maintain in good health persons suffering from Addison’s 
disease (adrenal cortex insufficiency).

Carbohydrate metaholism: Cortisol deficiency leads to hypo­
glycemia, increased sensitivity to insulin and a marked decrease in 
liver glycogen. Cortisol in excess produces hyperglycemia, gluco- 
suria and increased resistance to insulin and an increase in liver 
glycogen. Cortisol promotes giuconeogenesis.

Protein Jiip.tabolism: Cortisol promotes catabolism of tissue 
proteins. Excess cortisol causes negative nitrogen balance due 
to excessive breakdown of tissue proteins.



Lipid vutabolisni: C o r t i s o l  i n  e x c e s s  c a u s e s  r e d i s t r i b u t i o n  o f  
f a t  i n  t h e  a d i p o s e  t i s s u e s .

EJer'rolyte and zvater metabolism: T h e  e f f e c t  o f  c o r t i s o l  o n  
e l e c t r o l y t e  a n d  w a t e r  e x c r e t i o n  i s  q u a l i t a t i v e l y  s i m i l a r  t o  t h a t  o f  
a i d c i s t e r o n e ,  t h o u g h  i t  i s  v e r y  m u c h  l e s s  p o t e n t .  T h u s ,  c o r t i s o l  
j t r o n i o t c s  r e t e n t i o n  o f  N a - i o n  ( a n d  u s u a l l y  o f  c l - i o n )  a n d  e x c r e t i o n  
o f  K - i o n  t h e  k i d n e y .  I n  a d r e n s . i  c o r t e x  i n s u f f i c i e n c y ,  t h e r e  
i s  r e d u c e d  d i u r e t i c  r e s p o n s e  t o  i n g  s t e d  w a t e r  s o  t h a t  w a t e r  t a k e n  
i s  n o t  e x c r e t e d  f o r  1 2  h r s  o r  m o r e ,  l e a d i n g  t o  w a t e r  r e t e n t i o n  i n  t h e  
i i o d y .  E x c e s s  o f  c o r t i s o l  m a y  c a u s e  o e d e m a  a n d  h y p e r t e n s i o n .

Miiieralocorticoiih: 1 1 - d e o x v  c o r t i c o s t e r o n e  p r o m o t e s  r e t e n ­
t i o n  o f  N a C l .

Aldosterone: I t  p r o m o t e s  r e t e n t i o n  o f  N a - i o n  a n d  c h l o r i d e  
i o n  a n d  e x c r e t i o n  o f  K - i o n .  I t  h a s  v e r y  l i t t l e  e f f e c t  o n  w a t e r  
r e t e n t i o n .

Disorders of adrenocortical function: C h r o n i c  i n s u f f i c i e n c y  
l e a d s  t o  t h e  d e v e l o p m e n t  o f  t h e  d i s e a s e  k n o w n  a s  A d d i s o n ’ s  
d i s e a s e .  O v e r  a c t i v i t y  o f  t h e  c o r t e x  l e a d s  t o  a  c o n d i t i o n  k n o w n  
a s  C u s h i n g ’ s  s y n d r o m e .

Adrenal m edulla
T h e  a c t i v e  p r i n c i p l e s  o f  a d r e n a l  m e d u l l a  a r e  ( 1 )  a d r e n a l i n e  a n d  

( 2 )  n o r a d r e n a l i n e .  T h e  r a t i o  b e t w e e n  a d r e n a l i n e  a n d  n o r a d r e ­
n a l i n e  p r o d u c e d  b y  t h e  a d r e n a l  m e d u l l a  i n  m a n  i s  4 : 1 .

Effects on m etabolism
Blood pressure: T h e y  i n c r e a s e  b l o o d  p r e s s u r e ,  n o r a d r e n a l i n e  

b e i n g  m o r e  p o t e n t  i n  t h i s  r e s p e c t  t h a n  a d r e n a l i n e .
Blood sugar: A d r e n a l i n e  r a i s e s  b l o o d  s u g a r ,  s o m e t i m e s  h i g h  

e n o u g h  t o  p r o d u c e  g l u c o s u r i a .  T h e  h y p e r g l y c e m i a  i s  d u e  t o  
e x c e s s i v e  b r e a k d o w n  o f  g l y c o g e n  i n  l i \  e r  a n d  m u s c l e .  N o r a d r e ­

n a l i n e  i s  o n l y  o n e  f i f t h  a s  p o t e n t  a s  a d r e n a l i n e  i n  t h i s  r e s p e c t .
Blood lactate: T h i s  i s  i n c r e a s e d  a s  a  r e s u l t  o f  r a p i d  g l y c o g e n o -  

l y s i s  i n  s k e l e t a l  m u s c l e .
Energy metabolism: A d r e n a l i n e  i n c r e a s e s  e n e r g y  m e t a b o l i s m .  

T h e  s a m e  d o s e  o f  n o r a d r e n a l i n e  h a s  n o  e f f e c t .
Adipose tissue: A d r e n a l i n e  a c t s  o n  a d i p o s e  t i s s u e  a n d  c a u s e s -  

r e l e a s e  o f  f r e e  f a t t y  a c i d s  i n t o  t h e  c i r c u l a t i o n .



P a n c r e a s

The islets of Langerhans in the pancreas contain two types of 
cells, (/) ^-cells and (/V) h’-cclls.

Functions of 'i_-ce!ls: Tlic T-cells secrete a honnone called 
^lucci^on which cn injection causes hyperglycemia. It is a poly­
peptide containing 29 amino acid residues. It acts lilie adrena’ine, 
to stimulate the activity of liver phosphorylase, thus jsromoiing 
liepatic glycogcnolysis.

Functions of f-cells: The /9-cclls secrete the hormone 
Insulin is a poh'peptide containing 51 amino acid residues.

Effects of insulin on carbohydrate metabolism
Insulin increases the withdrawal of glucose from blood and 

tissue fluids in three ways, (n) It increases tlte deposition of 
glycogen in the liwr and in the muscles, (h) It increases the rate of 
complete o.xidation of glucose in. tissues and (r) It increases tiie 
rate of conversion of glucose into fatty acids in the liver and adipose 
tissues and prevents the breakdown of adipose tissue fat.

It decreases the rate of addition of glucose to the body fluids 
in two ways. («) It depresses neoglucogenesis (new glucose for­
mation) from proteins and glycerol of fat and (b) It depresses the 
rate of conversion of givcogen in the liver to glucose.

Control of insulin activity by other hormones
Anterior pituitary: The anterior pituitary hormone which 

has an opposing action on insulin is identical tvith or closely asso­
ciated with growth hormone. Attempts to separate the growth 
promoting activity from the diabetogenic activity in preparations 
of growth hormone have been unsuccessful. Growth promoting 
hormones produce hyperglycemia and ketosis when administered 
to hypophysectimised animals.

Adrenal cortex: Glucocorticoid produces hyperglycemia, 
glucosuria, increase in li\'er glycogen and increased resistanc.- to 
insulin.

Adrenal nieduila: Ada.-nalinc causes liyperghxemia li\- 
excessive breakdown of givcogen in liver and muscle.



Effects of insulin insufffciency
D e c r e a s e d  p r o d u c t i o n  o f  i n s u i i n  b y  t h e  A ' - c e l i s  l e a d s  t o  t h e  

d e v e l o p m e n t  o f  d i a b e t e s  m e l l i t u s .

T h e  H y p o p h y s i s  ( P i t u i t a r y  G l a n d )

The hypophysis exerts a profound infuicn.ee by regulating a 
large number of endocrine actirity in the animal and human, 
organisms. It consists of anterior and posterior lobes. The 
anterior portion is called adp?ioliypopliysis while the posterior 
portion is called iieiirohypopliysis.

Hormones of posterior pitiiiiarv (Neiirohypophysis): Neuro­
hypophysis secretes the following hormones.

(?) Antidiuretic hormone (vasopressin) (ii) Oxytocin. The 
antidiuretic hormone (ADH) is also known as vasopressin. It 
controls the excretion of ̂ vater by tlie kidney, by accelerating water 
reabsorption by the tubules. The ox\Tocin secreted by the gland 
causes secretion of milk from the lactating breast. It may also 
have a ph3T.iological role in parturition. Antidiuretic hormone 
and oxytocin are peptides. They have been prepared synthetically.

Pars intermedia: Pars intermedia secretes hormones which 
possess melanocyte stimulating activity. Injection of the 
hormone was reported to intensify skin pigmentation.

Anterior pituitarv: The functions of anterior pituitarv are 
numerous. It controls the growth of the organism and the 
gi owtli, develojament and activity of adrenal cortex, thyroid, testis, 
Ov'cry and breast. Six dilferent hormones have been isolated 
from the gland. (1) Grorvth hormone (Somatotrophin, Somato- 
triyiliic hormcric (STM) ]irobabb/ iderudcal wiili diabetogenic 
h rnon;.'). (2) Coitico: lopin (.adrenocorticotropic hormone
: ' vjVM). {:>) TU'■ r> i.ruiv .’o (hd' . r " ■ gic Imi'e.KU: ;ir,Toid
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fo’lotvs: (1) It promotes the growtii of sdelelou, muscles, viscera 
and tire body as a wliole, causing increased retention of nitrogen



and minerals. (2) Adipose tissue: Large doses of growtli
hormone mobilises fat from adipose tissues, causes a rise in 
the free fatty acids in blood and causes fatty iahltration of 
liver. (3) Protein metahoiism: It accelerates protein synthesis.
(4) Diabetogenic action of grozvth hormone: When growth hormone 
si njccted into animals, it produces a condition resembling diabetes 
mehitus. The effects of the hormone are as follows: (/) increase in 
blood sugar level, and development of glucosuria, (//) mobilisation 
of fat from adipose tissue and incrcasetl oxidation of fatty acids 
and production of ketone bodies, {Hi) increase in the conversion 
of glycogen into glucose in the liver and {iv) damage to the 
y8-cells, thus decreasing insulin production.

T h y r o i d

The thvroid glands weigh about l?-25 g in normal adults. 
It has a remarkable capacity to absorb iodine. The hormone 
thyroxine is synthesised in the glands and is bound to a protein 
called thyroglobulin. The chemical structure of thyro.xine is given 
below.

HO

I I

C H j CHINH^). COOH

The thyroid hormones (over 90 per cent in the form of 
thyroxine) are carried in the blood Iround to certain plasma 
proteins.

-Iction of thyroid honor,nes: The actions of tire hormones are 
as follows: (1) Hypothyroidism pr 
aiul children a.nd myxordema in ac 
C ' e s ;  s  C ' ' ' a l l i [Oi l  L .■e.'Si a s

a ■ ;i.s'ircrcarv.s Us,
' is.duccd in itypo.-s, luniis

oduces cretinism in infants 
fs. (2) Ilyporihyroidism 

ex'.phthahmc goitre
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V]. ; \ t.thulic
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i; ni. (4) Protein viclahohrni: thyroxuic causes breakdown
of proteins and increases ncoglucogenesis. (5) Carbohydrate 
meitdwUsm: Thyroxine increases intestinal absorption of glucose



and increased oxidation of glucose by tissues. (6) Lipid metabolism: 
In hypothyroidism, the levels of cholesterol and free fatty acids 
increase in the blood and (7) Water and mineral metabolism: When 
thyroxine is given to a patient suffering from myxoedema, water 
and NaCl are excreted in large quantities through the kidneys. 
In hyperthyroidism, there is increased excretion of Ca and P in 
urine.

P a r a t h y r o i d  G l .a n d s

The parathyroid glands secrete a hormone which is essential 
for the maintenance of the level of calcium in blood and in extra­
cellular fluid within normal limits in spite of large variations in the 
intake and excretion of calcium and deposition of calcium in bone. 
Parathyroid activity is apparently regulated by tire calcium content 
of blood. When the level of calcium in blood falls, the parathyroid 
activity increases and when the lewl rises, parathyroid activity is 
reduced.

Nature of parathyroid hormone: The parathyroid hormone 
isolated from extracts of bovine parathyroid is a polypeptide with 
a molecular weight of 8500. Its amino acid composition is known. 
The purified hormone acts equally well as the crude extract in 
mobilising calcium from bone and increasing the excretion of 
calcium and phosphorus in urine.

Action of parathyroid Iimnouc: (/) It acts directly on t!ie 
bone, mobilising calcium and thus raising the blood calcium 
level and (ii) It increases the excretion of phosphate in urine.

Abnormalities of parathyroid function
Hypoparathyroidism: Hypoparathyroidism is generally due 

to damage to parathyroid glands during the operation of thyroid 
glands. The accompanying symptoms are those of tetany. This 
is due to a lowering of the scrum calcium levels to 4-7 mg/100 ml. 
The treatment consists of (1) administration of parathyroid hor­
mone and (2) increase of serum calcium levels by large intake of 
calcium salts and vitamin D.

Hyperparathyroidism: This condition is generally caused bv 
tumour of one of the parathyroid glands. The symptoms of 
hyperparathyroidism are due to hypercalcemia, increased r.v.v- 
faction of bone and renal stones. The blood calcium levels inav 
increase to 11 to 22 mg/100 ml. Removal of tlic tumour causes tile



blood calcium levels to fall to normal limits and calcification of the 
rarefied bone.

G onads (Sex H ormones)
The term androgens and oestrogens are used to denote the 

hormones secreted by the testis and ovary respectively.
Hormones of testis: The active hormone of the testis is 

testosterone. This hormone is converted in the liver into andro- 
sterone and dehydroepiandrosterone both of which appear in the 
urine conjugated with glucuronic acid or sulphuric acid. Testo­
sterone is about 10 times more active than androsterone.

Action of testosterone and other androgens: (1) Naturally 
occurring testosterone is responsible for the development of the 
accessory sex organs and the secondary sexual characters at 
puberty. (2) Like pituitary growth hormone, it causes nitrogen 
retention in the body and increased synthesis and deposition of 
protein in certain tissues, especially skeletal muscle and (3) It also 
causes retention of calcium and other minerals.

Horm ones o f ovary and corpus luteum
The natural hormones of ovary and corpus luteum include 

(1) oestrogens and (2) progestins.
Oestrogens: The natural oestrogens are ovarian hormones 

v.hich control the fcnaale sexual cycle. Oestradiol-17/i is the 
hormone secreted by ovary.

Action: (1) Oestregens are re.'ponsible for the growth of 
the uterus, female sex organs and Iweasts which occur at puberty, 
and (2) They influence the menstrual cŷ cle and play an important 
role in pregnancy and parturition.

Progestins: The active hormone from the corpus luteum is 
progesterone. This hormone influences-—(i) the premenstrual 
growth phase in the non-pregnant human uterus (n) the growth 
of alveolar tissue in the breast {Hi) the development of the 
placenta during pregnancy and the embedding of the fertilised 
ovum in the uterus and {iv) inhibition of ovulation during 
pregnancy.

re: f e r e n c e

Best, C. H. and Taylor, N. B. (1961). The Physiological Basis of Medical
Practice, BalUerc, London.



ENERGY VALUE OF FOODS AND ENERGY 
REQUIREMENTS

Lavoisier is rightly considered as the pioneer in studies on 
energy metabolism. lie, along with Laplace, carried out, during 
the 18th century, e.xperiments with guinea pigs and found a 
relationship between heat produced and CO„ outpait. Later, 
Lavoisier also measured the oxygen consumed by men and 
found that exercise increased the 0„ consumption. In 1866, 
Petteiikofer and \ ’oit built the first human respiration calori­
meter. I'hey measured the heat output, N excretion in urine 
and CO„ cutput in a fasting ntan for 24 hours. The work was 
further continued by Rubner in Berlin, Zuntz in Switzerland and 
Johanson in Sweden. During 1892-1902, Atwater of U.S.A. 
did pioneering work and established cleai iy, the relations betwoen 
ffxtd consumed, heat output, O, consumed and CO., output bv 
conducting experiments with human subjects using an improe ed 
tvpe of human respiration calorimeter. Among other scientists 
will) have made extensive studies on energy metabolism, mention 
mav be made of H. Armsby, F. Benedict and L. F. DuBois.

Tlic energy yielding fond factors: The human body utilises 
the potential energy contained in foods for maintaining life and 
doing work. The energ\‘ yielding food factors are: (1) car- 
boliydrates (2) fats and (3) jrroteir.s. Within th.e body, these 
nutrients are oxidised in the cells with the help of catalysts such 
as enzymes, co-enzymes (containing certain vitamins) and lior- 
mones. Titc process is one of continuous utilization of 
oxvgen and production of C(),„ water and heat:

C arbohydrates and Fa'.s- 

J’ro te in s----------------

O,
Oxidui ion

Oxi Jation

COo-r v/atcr-l-lieat 

C(X -I- water ’ h  urea.

TI:e energy value of food
The energy or eaiorihc value of foods thpends on t!,e C[uantit'. 

of carbohydrates, fats and proteins present in them. This can



be determined by oxidising a known weight of food in an 
instrument called bomb calorimeter and measuring the heat 
produced.

Energy units: The energy value of foods can be expressed 
in terms of kilo calories (KCal) or mega joules (MJ). The 
Unit KUo Calorie has been in use till now. The International 
Union of Nutritional Sciences has suggested the use of Mega­
Joule (MJ) as the energy unit in place of KCal.

Kilo calorie: One kilogram calorie is the quantity of heat 
required to raise the temperature of 1 kg. of water through 
1C. It is one thousand times the small calorie used in physics.

Mega Joule: One kilo calorie equals 4.186 kilo joules. 
Hence, 1,000 kilo calorie equals 4.186 x  10'" kilo joules or 4.186 
mega joules.

Determination of energy value using bomb calorimeter
The energy value of foods is usually determined using the 

instrument cailed bomb calorimeter (Fig. 8.1). It consists of a 
hesA'y steel bomb, with a platinum or gold-plated copper 
lining and a cover held tightly in place by means of a strong 
screw collar. A weighed amount of sample, usually pressed into 
pellet form, is placed in a capsule within the bomb which is 
then closed except for the oxygen valve, charged with oxygen to a 
pressure of about 300 pounds to the square inch. The oxygen 
\alve is then closed and the bomb immersed in a weighed 
amount of water. The water is constantly stirred and its tem­
perature taken at intervals of one minute by means of a differential 
thermometer, capable of being read to one-thousandth of a 
degree. After the temperature of the rvater has been determined, 
the sample is ignited by means of an electric fuse and on account 
of the large amount of oxygen present, it undergoes rapid and com­
plete combustion. The heat liberated is absorbed by the 
w;-.;-'.'" in which the bomb is immersed and the resulting ris.-' 
ha tempi raturc is accurately determined. The thcrmoracter 
readings are also continued thnaugh an ‘after period’, in order 
that the ‘rad.iation correction’ may be calculated and the observed 
ris ■ of temperature corrected accordingly. This corrected rise, 
multiplied by the total heat capacity of the apparatus and the 
water in wdiich it is immci'sed, gives the total heat liberated in



Fig. 8.1. T he B om b C alorim eter

the bomb. From this, the heat arising from accessory com­
bustions (the oxidation of the iron wire used as a fuse etc.) must 
be deducted to obtain the number of calories arising from the 
combustion of the sample.

Example: Wt. of wheat taken=2 g.
Wt. of water in the outside vessel=3,000 g.
Water equivalent of the calorimeter==500 g.

Initial temperature of water=24°C
Final temperature of water=2h°C
Rise in temperaturc=2°C
Heat gained by water and calorimcter =  3500 X 2=7,000 small 

calories or 7 KCal.
2 g. wheat produces 7 KCal.



1 g. wheat produces 3.5 KCal.
Caiorific value of 1 g. of wheat =  3.5 KCal.

Calorific value of carbohydrates, fats aad proteins
Tlie average calorific values of pure carbohydrates, fats and 

proteins determined with the bomb calorimeter arc given below:
Calories

1 g. carbohydrate 4.1
1 g. fat ' 9.45
1 g. protein 5.65

Physiological energy value of foods
In the bomb calorimeter, carbohydrates and fats are com­

pletely oxidised to CO„ and water. Protein is oxidised to CO ,̂ 
water and nitrogen. Another important error in the use of bomb 
calorimeter for determining the calorific value of foods of veget­
able origin is that the fibre present in foods is burnt and yields 
energy, while it is not utilised by human beings. But, in the 
utilisation of carbohydrates, fats and proteins in the body, a certain 
percentage is lost in digestion and the nitrogen in proteins is 
excreted mainly as urea which contains some energy value.

Loss in digestLn: The average losses of carbohydrates, fats 
and proteins during digestion in human beings on diets con­
sumed in Western countries have been estimated to be as 2 per 
cent for carbohydrates, 5 per cent for fats and 8 per cent for 
proteins. Food energy available after loss in digestion is shown, 
in Table 8.1.

Table 8.1 C a lcu la tion  o f  p h y sio lo g ic a l en erg y  v a lu e  o f  carb oh yd rates  
fats and  p rote in s from  gross e n e rg y  v a lu e

N u trien t
G ross Loss of food 
energy energy in 
value d igestion 

(K C al/g .) (% )

Energy
available

after
digestion
(K C al/g )

Loss o f food 
energy in 

m etabolism  
(K Cal)

Physio­
logical 

energy value 
of foods 

(K C al/g)

C arbohydrates 4.1 2 4.0 nil 4.0
F a ts 9.45 5 9.0 nil 9.0
P ro te ins 5,65 8 5.2 1.2 4.0



Loss of energy in lUPtabnlism due 1o incomph-te o:\idation: There 
is no loss in metabolism in the case of carbohydrates and fats. 
But in the case of proteins, a part of the energy is lost as urea 
due to incomplete oxidation. This loss has been estimated as
1.2 cal. per gram of protein oxidised. The physiological energy 
values of carbohydrates, fats and nn/ieins are 4, 9 and 4 after 
making allowances for losses of food energy in digestion anei 
metabolism (Table 8.1). These values are know.n as Atwater- 
Bryant factors. Rubner used dogs for determining digestibiliev 
coefficients and found somewhat lower losses in digestibilitv of 
the nutrients. The physiological energy values according to 
Rubner arc slightly higher (Table 8.2).

Tabic 8.2 P h y sio lo g ic a l e n erg y  v a lu e  o f carb oh yd rates, fats and  
p rotein s (KCal/g)

Rubner A  tzoatcr-Bryant

Carbohydrate 4.1 4.0
Fat 9.3 9.0
Protein 4.1 4.0

The Atwater-Bryant values are used widely in all countries 
for calculating energy value of foodstuffs from their chemical 
composition.

Calculation of calorific value of foodstuffs from proximate 
composition
The calorific values of foodstuffs given in food composition 

tables (Table lA in Appendix) are calculated from their contents 
of carbohydrates, fats and proteins using the physiological 
energy values of 4 KCal per gram of carbohydrate and protein 
and 9 KCal per gram of fat.

Benedict’s oxy-calorimeter
Another apparatus used for the determination of the energy 

value of foods is the oxy-calorimeter, devised by Benedict and 
co-workers. This instrument measures the volume of oxygeu 
required to burn a known rvcight of the food. The apparatus 
consists of a combustion chamber, in which the weighed sample



IS burat, a soda lime container for absorption of carbon dioxide, 
a spirometer for measuring the oxygen used and a motor- 
blower unit for circulating the gas mixture. Using this instru­
ment, the amount of oxygen consumed in burning 1 g. of pure 
carbohydrate, fat or protein can be determined. The factors for 
converting litres of oxygen to calories are given by Benedict and 
Fox in Industry and Engineering Chemistry—Volume 17, 
page 912 (1925). “

Relation between oxygen required and calorific value
It is of importance to know the heat produced when 1 litre 

of oxygen is used for the oxidation of carbohydrates, fats or 
proteins. This can be calculated from the data obtained by the 
oxy-calorimeter and bomb calorimeter as explained below:

1 g. carbohydrate  requ ires about 0.8 lit. o f O.. for com plete oxidation 
and yields 4.1 K C al.

„ 2.2 „ ,, ,, ,, 9.5 KCal
,, 1.2 „  ,. „ „  5.5 KCal

carbohydra te  and produces 4 K Cal heat.
1.25 g ,, ,, 5 KCal heat.
1 g. fat and produces 9.5 KCal heat.
0.49 g. fat and produces 4.5 K C al heat 
1 g. of p ro te in  ,, 5.5 ,,
0.S3 g. p ro tein  ,, 4.6 ,,

1 g. fat ,,
1 g. p ro te in  ,,
0.8 litres o f O.. oxidises 1
1 litre  o f ,,
2.2 „
1 ,,
1.2 „ „
1 „ „

One litre of oxygen oxidising carbohydrates, fat or protein 
produces nearly the same amount of heat i.e. 4.5 to 5 KCal. This 
is an important conclusion as this is the basis for indirect deter­
mination of energy requirements.

Direct calorimetry
The relation between energy output and oxygen consumed 

has been determined using the human respiration calorimeter.
Reliable data regarding the energy output and oxygen con­

sumed in human beings could be obtained only after Atwater- 
Rosa-Benedict perfected the human respiration calorimeter. 
This equipment (Fig. S.2) consists of an air-tight copper chamber 
insulated by wooden walls with air space in between. A 
folding bed, chair and table are provided in the chamber. A 
man can comfortably stay in the calorimeter for a few days and
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do some work such as reading, writing etc. A small opening 
is provided at the two ends for passing food and drinks and 
removing the excreta. The chamber is ventilated by a current ol 
air, the CO., and water given off are removed hy soda lime and 
sulphuric acid respectively. O.xygcn utilized by the subject is 
replaced by introducing known amounts of oxygen through gas 
metre into the chamber with the air current. From the abo\e, 
the quantity of oxygen consumed and CO., produced can be 
calculated. The heat produced is measured accurately by 
circulating a current of water through copper pipes and measuring 
the quantity of water that has been circulated through the chamber 
and also the difference between the teinnerature of the water 
entering and leaving the chamber.

Example: Adult weighing 6.̂  kgs
Amount of heat output in 24 hours—2400 KCal 
Amount of oxygen consumed in 24 hours—500 

litres
Heat output per litre of oxvgen consumed-4.8 KCal.



Relation betzveen respiratory quotient and energy output: The 
terui respiralory qviorient refers to the ratio between the volume 
oi CO  ̂given out and the volume of consumed by the human 
S lib jt cts.

Vol. of CO,-, produced
Respiratory quotient (R.Q.)= -------- ,‘  ̂ \  ol. oi O.-, consumed

'When only carbohydrate is oxidised, the R.Q. is 1.0 and when 
only fat is oxidised, the R.Q. is 0.7 and when only protein is 
oxidised, the R.Q. is 0.82. The R.Q. at the post-absorptive 
state when basal metabolism is determined, is about 0.82 as at 
this stage the body derives energy from the oxidation of car­
bohydrate (50 per cent), fat (40 per cent) and protein (about 
10 per cent) present in the bodyu After an average meal con­
taining 10 per cent protein, 20 per cent tat and 70 per cent carbo­
hydrate, the R.Q. is about 0.82. The R.Q. is lowered to about 
0.7 in diabetes mellitus as the body oxidises large amounts of fat. 
Data regarding the quantities of carbohydrates and fats oxidised 
per litre of 0„ with the corresponding non-protein R.Q. and 
calories produced are giv^n in Table 8.3.

Table 8.3 N o n -p ro te in  r e s p ir a to ry  q u o tie n t, q u a n ti t ie s  o f  c a r b o h y d ra te s  
a n d  fa ts  o x id is e d  a n d  h e a t  p ro d u c e d  p e r  l i t r e  o f O , c o n s u m e d .

(D a ta  per litre  o f O , consum ed)

N on-p ro te in
RQ

C arbohydrate
o.

F a t Calories
KCal

1,00 1.232 0 5.047
0.95 1.010 0.091 4.995
U.90 0.793 0.180 4.924
0.85 0.5S0 0.267 4.S62
0.80 0.375 0.350 4.801
0.75 0.173 0.433 4.739
0.70 0 0.502 4.686

Calculation of amounts of proteins, fats and carbohydrates 
oxidised in the body

From the quantity of nitrogen excreted in urine and the 
quantity of CO  ̂ produced and 0^ consumed in 24 hours, it is 
possible to calculate the amounts of proteins, fats and



carbohvdrates oxidised ia the bodv. The followiu;i; example will 
illiistratc the principles involved in such a calculation;

Example: An adult excretes in 24 hours S g. N (cqui\ alcnt to 
50 g proteins) in urine and uses 400 litres of O,, and gi\'es out 
320 litres of CO,. It is known that for 1 g of urinary X, 6.25g 
protein would have been oxidised and this will require 5.02 
litres of O, and will produce 4.754 litres of CO,. So, 8 g N in urine 
will need 47.4 litres of O, which produce 38.0 litres ot CO„. 
After deducting these from the total O, consumed and CO, 
produced, the O, utilised and CO, produced in the oxidation ■> 
fats and carbohydrates can be obt.tined.

O, consumed in the oxidation of fats and carbohydrates will 
be 400-47.4= 352.6 litres; CO, nrodneed in the oxidation of fais 
and carbohydrates will be 320.0-38.0 =  282.0 litres.

28 ’  0Non-protein R .Q .= ---- 2 —q yq
352.6

It will be seen from Table 8.3 that for R.Q. of 0.80, 1 litre m! 
O, consumed would have oxidised 0.375 g carbohydrate and 
0.350 g fat, 352.6 litres O, used would have oxidise i 
352.6x0.375 g carbohydrates and 352.6': 0.350 g of fat.

Therefore, the quantities of nutrients oxidised and energy 
produced in 24 hours are as follows;

P ro tein  = 5 0 g x 4 .1
C arbohydrates = 1 .32.1gx4.1  
F a t = 1 2 3 .4 g x 9 .3

T o ta l energy (K C al)

Energy
(KCal)
205.0
543.3

1147.6

1895.9

Specific dynamic action of food: Riibncr observed tiiat 
carbohydrates, fats and proteins fed to a fasting dog, stimulated 
the energy metabolism over the basal level to varying extents. 
For example, he found that in a fasting dog requiring 400 KCal, 
feeding of 100 g of carboliydrates produces 425 KCal, 44.4 g of 
fat produces 416 KCal and 100 g of protein pi-oduccs 520 KCal of 
heat. (Table 8.4). The extra heat produced is obtained by ti'.e 
oxidation of the tissue constituents and the animal will be in 
negative energy balance. This stimul.rting effect of carboh'.- 
drates, fats and proteins on energy metabolism is called



Table: 8.4 E nergy output in  a  fa stin g  dog  fed  carb oh yd rates, fats, 
p rote in s and  th e ir  b len d s (SDA of food)

-SI.
N o. N a tu re  of Food

Energy value Energy E xtra  energy p roduced  
of Food o u tp u t due to SD A  of Food 
(K C al) (K C al) (K C al) (% )

1. Fasting
2. +  lOOg of carbohydrates
3. +  44.4g of fat
4. +  lOOg of p ro tein  (casein)
5. +  carbohydrate  62.5g 

+  fat lO g + p ro te in  lOg

_ 400 _ _
400 425 25 6.2
400 416 16 4.0
400 520 120 30.0
400 432 32 8.0

Specific Dynamic Action (S.D.A.) The S.D.A. of proteins is the 
iiighest (about 30 per cent) while that of carbohydrates and fats 
is only 6 per cent and 4 per cent respectively. The S.D.A. of a 
mixed diet containing 62.3 g carbohydrates, 10 g fat and 10 g 
protein is about 8 per cent.

A considerable amount of work has been carried out by Lusk 
and several other workers on the causes of the high S.D.A. of 
proteins. When different amino acids were fed, alanine, glycine 
and phenylalaline were found to produce high S.D.A. According 
to Krebs, two main factors are responsible for the high S.D.A. 
of proteins. (1) The energy required for deamination of amino 
acids which again is derived by the oxidation of other meta­
bolites and (2) The energy required for the synthesis of 
urea which is obtained by the oxidation of other metabolites 
present in the tissues.

DETERMINATION OF ENERGY MET.4BOLISM BASED ON O.XYGEN 

CONSUMPTION ( in d ir e c t  METHOD)

Since the calorific value of one litre of oxygen consumed in the 
oxidation of nutrients has been well established and tables indi­
cating the calorific value of one litre of oxygen for varying 
R. Q. are available (Table 8.3), the energy metabolism can be 
easily calculated if oxygen consumption and CO  ̂ output are 
known for a fi.ved period. Various types of instruments are 
available for determining energy metabolism at rest (Basal 
metabolism) and energy metabolism during work.



EASAL METABOLISM.

Definition: The energy nuiaboiism of a subject at com­
plete physical and mentai rest and having normai body temperature 
and in the post-absorptive state (i.e., 12 hours after the intake 
of last meal) is known as Basal iMetabolism.

Determination of basal metabolism
Basal metabolism is usually determined using the apparatus 

of Benedict and Roth (Fig. 8.3). The apparatus is a closed 
circuit system in which the subject breathes in oxygen from a 
metal cylinder of about 6-litrc capacity and CO„ produced is 
absorbed by soda-lime present in the tower. The oxygen 
cylinder floats on water present in an outer tank. " The subject 
wears a nose clip and breathes through a mouthpiece the oxygen 
present in the cylinder for a period of 6 minutes. The volume 
of 0„ used is recorded on a graph pauper attached to a revolving 
drum by a pen attached to it. Since the subject is in the

Fig. 8.3 B en ed ict-R o th  A pparatus



post-absorptive state, R.Q. is assumed to be 0.82 and the calorific 
v'alue of one litre of 0„ consumed is taken as 4.8 KCal (Table 8.3). 
Example: Subject: Adult male, 51) kg. body weight.

O.KVgen consumed in 6 minutes=l,l()() ml.
Heat produced in 6 minutes=4.8 X 1.1=5.28 KCal
Heat produced in 24 hours=5^ X 60 X 24= 1,267 KCal

The basal metabolism of the individual for 24 hours= 1,267 
KCal.

Standards for basal m etabolism
Studies carried out by various workers have shown that basal 

metabolism is most closely related to the body surface area and 
less directly related to either to the weight or height of the indi ,’i- 
dual. The body surface area can be calculated according to the 
formula of DuBois and DuBois given below:

A =  W“-«^X H'’-'-'’ T71.84
where A=body surface area in square centimeters.

H=hcight in centimeters.
W =  weiglit in kilograms.

Log.A=(Log. W x 0.425)-]-(Log. Hx0.725) +  1.8564.
The body surface area of b.urmn subj icts for various heights 

and weights calculated according to the aaove formula is given in 
Table 8.5.

Table 8.5 Surface area in .square meteri for differe-ut heights and 
■vveighte .^Dudois-DeBois)

W eight in kilocrnins
■

H eight in 
centim eters 40 45 50 53 50 65 70 75 80

180 _ _ _ _ 1.77 1.83 1.89 1.95 2.00
175 — — — 1.67 1.73 1.79 1.85 1.91 1.96
170 — — 1.57 1.63 1.69 1.75 1.81 1.S6 1.91
165 — — 1.54 1.60 1.66 1.72 1.78 1.83 1.88
160 — 1.44 1.50 1.56 1.52 1.68 1.73 1.78 —

155 1.33 1.40 1.46 1.52 1.58 1.64 1.69 — —

150 1.30 1.36 1.42 1.48 1.54 1.60 1.65 — —

145 1.27 1.33 1.39 1.45 1.51 1.56 — — —

140 1.24 1.30 1.36 1.42 1.47 — — —



The important standards for basal metalmlic rates i.e., basal 
metabolism per square meter body surlace per hour are those of 
(/) Harris and Benedict (1919); (ii)  Auh and DuBois (1935); 
{Hi) Fieisch (1951); (/r) Robertson and Reid (1952); (n) Boothlry 
(1952), and (vi) Bootliby, Berkson and Dunn (1936). The 
standards of Fleisch (1951) are given in Table 8.6.

Table 8.6 S tandards for based m e ta b o lic  rates (K C al./sq .m ./h r.)
(F le isch , 1951)

Age (years) 1 11 1.1 15 17 19 20

M ale . ..  5.1.0 51.3 +9.3 +7.3 +5.2 43-L +.2.3 41.S 40.8 39.2 38 0 
F e m a le .. .  53.0 51.2 48.4 +5.4 +2.8 +2.0 +0.3 37.9 36.3 35.5 35.3

Age (years) 30 40 45 50 .33 60 6.3 70 SO

M ale 37.5 36.8 36.5 36.3 36.2 35.8 35.+ 34.9 34.4 33.8 33.2 33.0
Fem ale 35.2 35.1 35.0 34.9 34.5 33.9 33.3 32.7 32.2 31.7 31.3 30.9

Factors affecting the basal metabolic rate (B.M.R.)
The fa.ctors aifeciing the basal met;;b(,li:,ni are briefly 

discussed below :
Body size: The B.hl.R. is c'losely related to the botiv sur­

face area. This has been shown from eyperiments witli human 
subjects and also in different animals (T.iWe 8.7). Basal meta­
bolism is less directly related either to (he height or weight of the 
individuals.

Tahle 8.7 B asa l m e ta b o lism  in  r e la tio n  to body w e ig h t  and  body- 
su rfa c e  a rea  in  m e n  a n d  so m e  a n im a ls

I!;:.sal m t’l.Tbolism (KCal clay)

Species Body w eight 
Kg.

Body suii'nce 
nrea (:t “) 4'otal Per n i“ body 

surface
Per byr 

Ifody \vt

Rr.; 0.300 0.0384 26.3 536 8.77
M(.akc5*. j•hcMjs 3.22 0.257 156 60S 43.5

14.9 ('.652 542 S.'-l 36.:
M an 63.0 1 .ds'‘ 16 ■' r 910 25.6
’.Voin.in 57..2 1.6,1 1,147 S28 23.6

186 2.67 2('47 993 14.2
C altle 366 4.56 5 1245 l i .o



Age: The B.M.R. is higher in infants and 3'oung children 
than in adidts (Table 8.6).

Se.x: Females have siighciy lower B.AI.R. than males 
(Table 8.6).

Body cojnposition: The B.M.R. is directly related to the lean 
body mass. Persons with well-developeel muscles will have a 
higher B.M.R. than obese persons whose higher body weight is 
due to adipose tissue.

Climate: In persons living in tropical climates, the B.M.R. 
is about 10 per cent less than those living in temperate 
zones. The exact causes for the lower B.M.R. are not known.

S.D.A. of food: Food has a stimulating effect on B.M.R. 
If a person in post-absorptive state is given food, the B.M.R. has 
been found to increase by about 8 per cent. This is know'n as 
the Specitic Dyitamic Action of food and has been discussed in 
an earlier section.

L'ndeniutrition and starvation: Prolonged undernutrition 
or starvation causes a reduction of about IU-2U per cent in the 
B.iM.R.

Sleep: The B.M.R. in sleep is about 5 per cent less than in 
the basal metabolic state.

Fever: Fever increases the B.M.R. P'or every 1°F rise in 
body teiiLperature, B.M.R. increases by about 7 per cent. A person 
with high fever of 105°P’ (about 7°F above normal) would have 
an increase of 50 per cent in the B.AI.R.

Physical activities: If an individual takes physical exercise 
about half-an-hoLir before the determination of B.M.R., appreci­
able increase in the B.iM.R. is observed.

Fear and nervous tension: Fear and nervous tension during 
the test increase the B.hl.R.

Thyroid: Hypothyroidism decreases B.M.R. upto 30 per 
cent and hyperthyroidism may cause an increase in B.M.R. 
upto 100 per cent dcpe:tding on the severity of the condition.

Adrenaline: Injection of 1 mg. o: adrenaline increases the 
B.iM.R. by about 20 per cent for a few hours.

Anterior pituitary: Th.e anterior pituit.yy inlluences B.AI.R. 
through its thyrotropic hormone, the B.M.R. being low in hypo- 
activity and high in hyper-activity of the glands.



Other diseased conditions: An increase in B.M.R. has been 
observed in splenomedullary and lymphatic leukemia.

Determ ination of energy m etabolism  during work
The energy metabolism is profoundly influenced by physical 

work. The energy metabolism during work can be determined 
using one of the following equipments: (1) Douglas bag. (2) Max- 
Planck respirometer. (3) Kofranyi-Michaelis respirometer and
(4) Integrating motor pneumotachygraph developed by Wolff. 
The general principles underlying the above methods are as 
follows;

(1) measuring the volume of expired air during work for fixed 
periods of 5 to 10 minutes (2) collection of a sample of expired 
air for the analysis of O., and CO,, contents (3) calculation of O,, 
consumption, CO„ output and R.Q. and (4) calculation of the 
energy output from the R.Q. and 0„ consumption.

Douglas hag: The Douglas bag is made of rubber and usuallv 
of 100 litres capacity. The subject breathes into the bag for 5 to 
6 minutes. The air in the bag is then measured using as gas 
meter, and a sample taken for the analysis of 0„ and CO„. The 
ap-paratus is suitable for use in the laboratorv but not in 
the iield.

Ma::-Pkinck respirometer: This inslriimwTt is po:-tab'e auel 
can measure tlirectly the volume of expiretl a'r and pass onsim, - 
taiieouslv a small quantitv into .• mbb.:’- bladder attached to e,. 
(Fig 8.4). The air is subsequentlv ana'vsed for CO., and oxyge,;. 
It has been extensively used in tiie determination of the energ" 
requirements for various tvpes of work.

Kofranyi-Michaelis respirometer: This is similar in principle 
to the Max-Planck respirometer and has been commonly used in 
studies on energy requirements of workers.

Integrating motor pneumotachygraph: This instrument has 
been designed by Wolff (1958). It is not used so commonly as 
other instruments mentioned above.

Energy requirem ents for various types o f activities
The energy requirements of various types of physical activitie.s 

in adult m.-n and women have, been determined bv sever il 
workers. The results of studies carried out in Sweden la'.-



Christensen (1953) on workers in steel industry are given in 
Table 8.8. Data reported by Durnin and Passmore (1959) are 
given in Table 8.9. It is evident from the tables that the energy 
required for light work is only 150 KCal/hour and may 
increase to 750 KCal/hour for very heavy work for men of body 
weight of 65 kg.

Influence ofvaryirtg body iv eights on energy requirements for work: 
The energy required for walking at a particular speed will depend 
on the body weight of the individual (Table 8.10). The results 
presented in Table 8.10 indicate that for walking at the rate of 
2 miles per hour, an individual with body weight of 200 lbs. will

10



Table 8.8 Mean calorie requirem ents for various types of 
activities for adult man

G rade  of work
C alorie req u irem en ts (K C al/h r)

M ean Range

Sleep 60 —

Basal m etabolism 65 —

S ittin g  at rest 75 —

Stand ing 85 —

V ery ligh t work 120 100-140

L ig h t work 225 150-290

M o derate  w ork 375 300-440

H eavy work 525 450-590

V ery heavy work 675 600-750

Table 8.9: Energy expenditure in  relation to intensity of 
m uscular work (Durnin and Passm ore, 1955)

I. L ig h t w ork—150-294 K C al/hour:
L ig h t in d u stry , carpen try , m ilita ry  d rill, dom estic  work, 

gym nastic  exercises, brick  laying, p laste ring , pa in ting , agricu ltu ra l 
w ork (m echanised) and driv ing  a truck .

I I .  M oderate  \vork—300-444 K C al/hour;
A gricultural w ork (non-m echanised); route m arch; tennis; 
cycling (6 m iles per hour).

I I I .  H eavy w ork—450-594 K C al/hour:
Coal m in ing , football, hockey.

IV . Very heavy w ork—over 600 K C al/h o u r:
L u m b er work, ru n n in g , sw im m ing, h ill c lim bing.

require twice as much energy as an individual weighing 80 lbs 
and one-half times as much energy as an individual weighing 
120 lbs. These results are of great importance in calculating 
the energy requirements of persons of varying body weights.



Table 8.10 In flu en ce  o f  body w e ig h t on en erg y  req u irem en ts  
for  w a lk in g  (P a ssm o re  and  D u rn in , 1953)

Body w eight of indiv iduals (lb.)

W alking
spee(J
(miles
/hour)

80 iOO 120 140 160 ISO 200

K C al/h o u r

2.0 114 132 156 174 192 210 228

3.0 162 186 216 240 264 288 318

4.0 210 246 282 312 348 384 420

The activity increment—Relation between basal metabolism and 
total energy requirements: The basal metabolism is related directly 
to the body surface area and approximately to body weight. The 
data presented in Table 8.10 indicate that the energy required for 
work (walking) is related to the body weight of the individual. 
The extra energy required for work, over the basal metabolism 
(expressed as a per cent of the basal metabolism) has been termed 
‘activity increment’ by Mitchell (1962).

Children: Bedele (1923) determined the daily calorie require­
ments of children of 1-18 years living in a boarding home. The 
activity increment, i.e., extra energy required over basal metabo­
lism (expressed as a percentage of basal metabolism) was 106-107 
per cent. Maroney and Johnston (1937) found average extra 
calorie intakes for work over basal metabolism (activity 
increment) of 67 per cent for girls (aged 5-14 years) and 74 per 
cent for boys of same age-group (Table 8.11).

Adults: Brickcr and co-workers (1945) found the extra energy 
required for work over basal metabolism (activity increment) was 
100 per cent for young women of 19-23 years. Passnaore and 
co-workers (1952) reported that extra calorie requirement over 
basal metabolism for very light work was 73 per cent and for 
verv hard work, 195 per cent for young men aged 19-25 years 
(Table 8.11).



Tabic 8.11 C a lo r ie  r e q u ir e m e n ts  e x p re s s e d  a s  p e r c e n ta g e  o f 
b a sa l m e ta b o l i s m

Arc 
Rroup 
( years

Sex
)

Activity

T otal 
calorie 

req u ire ­
m ents as 
% of U.M.

A ctivity
increm ent

or-0
R eference

1-18 Boys L ight 207 107 Ilcdcle (1923j

.. G irls 206 106

19-22 Y oung
m en

V ery light 17.1 73 Passm ore et al. (1052)

>» ” H ard  phys­
ical work

295 1 '>5

19-23 Y oung
wom en

Light 200 100 Brickcr ct al. (1945)

5-14 Boys L ight 174 74 M aroncy and Johnston  
(1937)

5-14 G irls 167 67

Factorial m ethod for calculation of the daily energy 
requirem ents of an adult for varying degrees o f physical 
activity

The daily caloric requirements of an adult man (65 kgs.) for 
varying degrees of physical activity (1) sedentary. (2) light work,
(3) moderate work and (4) heavy work can be calculated from the 
data given in Table 8.5. To this, 8 per cent e.\tra calories 
are added to meet the needs of S.D.A. of food. The total 
calorie recjuirements have been expressed as a per cent of 
basal metabolism (Table 8.12). The results indicate that 
‘activity increment’ for the various types of physical 
activities are as follows: sedentary 53 per cent, light work 
100 per cent, moderate work 160 per cent and heavy work 220 
per cent.



Table 8.12: E nergy ex p en d itu re*  per day (KCal) for v a r io u s typ es o f  
a c t iv it ie s  (adu lt m a le  65 kgs.—25 years)

Sedentary
work

L ig h t
w ork

M oderate
work

H eavy
w ork

Sleep 8 hours 480 480 480 480
W ork 6 hours 720 1350 2250 3150
R ecreation  4 hours 480 480 480 480
W alking 1 hour 
Househo'(d w ork and

225 225 225 225

garden ing—4 hours 480 480 480 480

2385 3015 3915 4815

3D A  of food (8%) 190 240 312 384

T ota l calorie requ irem en ts 
(KCal)

,, ,, ,, as

2575 3255 4227 5199

per cent of basal m etabolism  
C alorie requ irem en ts  for work

153 200 260 320

over basal m etabolism  (K C al) 950 
,, as pe r cent of basal 

m etabolism  (K Cal)

1630 2602 3574

(A ctiv ity  increm ent) 53 100 160 220

* Basal m etabolism  =  1,625 K C ai.

R ecom m ended allow ances for calories

Recommended allowances for calorie requirements have been 
made by various Expert Committees from time to time. Some of 
these are (1) F.A.O. Second Committee on Calorie requirements 
(1957), (2) Food and Nutrition Board, N.R.C., U.S.A. (1968),
(3) Expert Panel, U.K. Department of Health and Social Security
(1969), and (4) Nutrition Expert Group, I.C.M.R., India (1968) 
(See Chapter 16).

F.A.O. Second Committee Allowances

The Committee was of the opinion that there could be no single 
calorie allowances which will be applicable to adult men and 
women of varying ages, body size, levels of activity, climate etc., 
all of which influence energy requirements. In view of the above,



the Committee recommended calorie allowances for a ‘Reference 
Man’ ai 
below;
Man’ and ‘Reference Woman’ during light work as indicated

Age E nvironm ental Bodv W t. N atu re K C al/
(years) (tem pera ture) (kg) of work day

R eference M an 25 lO 'C 65 ligh t 3,200

R eference W om an 25 10=C 55 ligh t 2,300

The basis of the calculation of energy requirements of ‘Refe­
rence Man’ and ‘Reference Woman’ is given in Tables 8.13 and 
8.14 respectively.

Table 8.13 T h e  e n e rg y  e x p e n d i tu re  o f  a  ‘R e f e r e n c e  M a n ’ 
(W e ig h t 65 kg. A ge 25 y e a rs . M e a n  a n n u a l  e n v iro n ­

m e n ta l  te m p e ra tu r e ,  10"C.)

Tyi^e of activity K C al/day

A.

B.

C.

8 hrs. W orking activities : 
m ostly  stand ing  (overall rate ,
2.5 K C al./m in .)

8 hrs. N on-occupational activities:
I h r . washing, dressing, etc. at
3 K C al./m in .

I I  h rs. w alking at about 6 K m /hr. 
at 5.3 K C al./m in .

4 hrs. sitting  activities at 
1.54 K C al./m in .

hrs. active recreations and/ 
o r dom estic  work at 
5.2 K C al./m in .

8 Itrs. re s t in bed a t basal 
m etabolic  rate

Total

1200

ISO

480

370

470

500

3,200



Table 8.14 T h e  en erg y  ex p en d itu re  o f  a ‘R e fer e n c e  W o m a n ’ 
(W eight 55 K g. A ge 25 years. M ea n  an n u a l e n v iro n ­

m e n ta l tem p era tu re , 10°C.)

T ype of activity K C al/day

A. 8 hrs. W orking activities in the hom e or in 
inedustry : m ostly  stand ing  (overall ra te  
1.83 K C al./m in .) 880

B. N on-occupational activities:
1 hr. washm g, dressing  etc. at

2.5 K C al./m in 150
1 hr. walking at about 5 km ./hr. 

a t 3.6 K C al./m in . 220
5 hrs. s itting  activ ities at 

1.41 K C al./m in . 420
1 h r. active recreation  and/or

heavier dom estic  work at 
3.5 K C al./m in . 210

C. 8 hrs. rest in bed at basal m etabolic
rate. 420

T otal 2,300

The F.A.O. Committee considered the influence of the follow­
ing on the calorie requirements: (1) physical activity (2) body size 
and weight (3) age and (4) climate and environment.

Physical activity: The F.A.O. Committee was of the opinion 
that the energy requirements of men of varying degrees of activity 
will range from 2,400 (sedentary) to 4,000 KCal (hard work). 
Similarly, the Committee was also of the opinion that the energy 
requirements of women of varying degrees of activity will range 
from 1,700 (sedentary) to 2,900 (hard work) calories per day. 
The above ranges of calorie allowances will meet the needs of 
the majority of the population according to the Committee. The 
calorie allowances of ‘Reference Man’ and ‘Reference Woman’, 
i.e., 3,200 and 2,300 KCal will represent the mean of the lowest 
and highest calorie allowances.

Body size and weight: The calorie needs will be influenced by 
body weight as the basal metabolism is closely related to the body 
weight and the food energy required for doing the same work for



a heavier person is more than that required for a lighter person 
(Table 8.10). The F.A.O. Committee suggested a formula for 
calci dating the energy needs of individuals of varying body weights;

For m en E =815-|-36.6 W
F or wom en E = 5 8 0  +  31.1 W

W here E = e n e rg y  requ ired , and W = b o d y  w eight.

Example: The energy needs of a man of body weight of 55 kgs 
(‘Indian Reference Man’) and woman of body weight of 45 kgs 
(‘Indian Reference Woman’) will be as follows:

Ind ian  R eference A lan E — S15-i-36.6 x 5 5  =  2,830 K C al.
Ind ian  R eference W om an £  =  580 +  31.1 x45  =  1,980 KCal.

These values agree well with those given for ‘Indian Reference 
Man’ and ‘Indian Reference Woman’ in Tables 8.17 and 8.18.

Age: As physical activities decline with advancing age, 
calorie requirements also correspondingly become less. The 
calorie allowances of adults of varying ages are given in Table 8.15.

Table 8.15 E ffect o f  a g e  on c a lo r ie  req u ire m en ts

Age (i^ears) (Ref. 
m an or wom an) M an (65 kg) W om an (55 kg) Percentage of req u irem en t 

of Ref. m an  or wom an

25 3200 2300 100
30-39 3104 2230 97
40-49 3010 2160 94
50-59 2770 1990 86
60-69 2530 1820 79
Over 70 2210 1590 69

Climate: The energy requirements for ‘Reference man’ and 
‘Reference woman’ are given for a mean working temperature of 
10 C as in Western countries. The F.A.O. Committee recom­
mended that for every 10°C rise of external temperature above the 
reference temperature of IO C, a reduction of 5 per cent, and for 
et ery 10 C fall of external temperature below reference 
temperature, an increase of 3 per cent in energy output should be 
made.



Exam ple Environm ental
tem p era tu re

Increase or 
decrease (% ) K C al/day

M ale, 65 kg. (Ref. M an) 10”C _ 3200
20°C -  5% 3040
30°C - 1 0 % 2880

0°C +  3% 3296

Hence, for individuals living in tropical countries such as India, 
a reduction of 10 per cent in the caloric requirements will have 
to be made in the F.A.O. Committee recommendations.

Infants and children: The calorie allowances for infants and 
children of the F.A.O. Committee arc given in Table 8.16. The 
allowances for children are for those of standard weight. Adjust­
ments will have to be made for variations in body weight as in the 
case of adults.

Tabic 8.16: C alor ie  a llo w a n c e s  for in fants and  ch ild ren  
(FAO C o m m ittee , 1957)

.Yge-group K C al/day

1-3 m onths 120 K C al/kg.
4-9 110 „ „

10-12 100 „ „

1-3 years 1300
4-6 ,, 1700
7-9 ,, 2100

10-12 2500

13-15 Boys 3100
G irls 2600

16-19 Boys 3600
G irls 2400

Preananev and lactation: The I'.A.O. Committee recom- 
mendLt! an allowance of 4U,00U KC.il ior rhe entire period of 
pregnancy. Since the maximum increase in the tveight of the 
foetus occurs during the last 4 months of pregnancy, an extra daily 
allowance of 300 KCal per day for the last 4 months of pregnancy 
will meet the extra calorie needs. The average milk production



during the first 6 months of lactation will be about 850 ml. with 
a calorific value of 600 KCal. To provide 600 KCal in the h>rm 
of human milk, about 1,000 KCal will have to be pro\ided in 
the diet. Hence, the Committee recommended an extra 
allowance of 1,000 KCal per dav during the first 6 months 
of lactation.

R ecom m ended allow ances o f Food and Nutrition Board, 
U.S.A.

The recommended calorie allowances of Food and Nutrition 
Board, N.R.C., U.S.A. (1968) are given in Table 16.2 in 
Chapter 16. They agree fairly well with the F.A.O. Committee 
recommendations.

R ecom m ended allow ances of Expert Panel, U.K.

The recommended allowances of Expert Panel, U.K. (1969) 
are given in Table 16.3 in Chapter 16. They difl'er slighth: 
in some respects from the F.A.O. Committee recommendations.

R ecom m ended calorie allow ances for persons in tropical 
countries

Recommended allowances for Indians were suggested by 
Patwardhan (1960). Like the F.A.O. Committee, Patwardhan 
recommended allowances for ‘Indian Reference Man’ and ‘Imiian 
Reference Woman’ which are given below:

Body
\vt.
(kg)

H eigh t
(cm)

Alean env iron ­
m ental tem p.

Age
(yrs)

N a tu re  of 
work K C al/day

In d ian  Ref.
Alan 55 16S 20‘C 25 M oderate

activity
27Si)

Ind ian  Ref. 
W om an

45 154 2 0 ' C 2 2 ) j »> 20Sa

The basis of calculation of eiiLruv allowances for ‘Indian 
Rcfcix nee hlan’ and ‘Indian Reference Woman’ is gi\e in 
Tables 8.17 and S.IS.



Table 8.17 C alorie  req u ire m en ts  o f  an In d ian  R e fer e n c e  M an

A. 8  hours in bed at B .M . R, =  35.5 X 1.6? x  8  . ..

B. 8  ,, off work:
1 hour personal necessities, such  as dressing, 

undressing , w ashing, shaving, ba th ing  etc. at
3.0 C al./kg ./h r. . ..  165

2 hours walking at 3 m .p .h . a t 4.0 C al/kg /hr. 440
4 hours sittin g  and stand ing  activities at 1.7 C al/kg/hr. 374
1 hour recreation  at 4.4 C al/kg/hr. 241

460

-1220

C j. 8  hours seden tary  occupation  overall ra te  at 1.7 C al/kg /hr. 750

C j. 8  hours ligh t or industria l w ork overall rate  at 2.5 C al/kg /hr. 1000

C 3 . 8  hours heavy w ork overall ra te  5 C al/kg/hr. 2200
A -fB -fC i =  total ne t calories for light and seden tary  work 2430 
A + B  +  C j =  ,, ,, ,, ,, ,, industria l work

(m oderate  activ ity  o f an In d ian  R eference M an) 2780
Ad-B-f-Cj =  to ta l ne t calories for heavy w ork 3880

Table 8.18 C alor ie  req u ire m en ts  o f  an  In d ian  R e fe r e n c e  W om an

A. 8  hours in bed at B .M .R . =  31.6 X 1.40 X 8

B. 8  hours off work;
1 hour personal necessities 3.0 C al/kg/hr. 135
IJ  hours walking at 3 m .p .h . a t 4.0 C al/kg/hr. 270
54 hours sittin g  and stand ing  activity  1.7 C al/kg /hr. 421

354

826

C l. 8  hours seden tary  occupation  overall ra te  1.7 C al/kg /hr. 610

Co. 8  hours ligh t industria l work overall rate  2.5 C al;kg/hr. 900

C 3 . 8  hours heavy w ork overall ra te  5.0 C al/kg /hr. 1800
A 4 -B +  C 1 =  to ta l net calories for seden tary  work 1790
A + B  +  C., =  ,, ,, ,, ,, ligh t industria l occupation  2060

(m oderate  activ ity  o f .an Ind ian  R eference W om an)
A 4 -B  +  C 3 =  total n e t calories for heavy work 2880



Tabic 8.19 R e c o m m e n d e d  c a lo r ie  a llo w a n c es  for In d ian s

Particulars
Patw ardhan

(1958)
N u tritio n  E xpert 

G roup , ICAIR 
(1968)

M an (55 kg) :
Sedentary  work 2,400 2,400
A loderate work 2,800 2,800
H eavy work 3,900 3,900

W om an (45 kg) :
Sedentary  work 2,000 1,900
A loderate work 2,300 2,200
Hea\-y work 3,000 3,000
L a tte r  ha lf of pregnancy 2,300 + 3 0 0
L acta tion 2,700 +  700

I n f ^ t s :
U n d e r 1 year: 0-6 m onths 120/kg. 120/kg.

7-12 lOU/kg. 100/kg.

C hildren:
1-3 years 1200 1200
4-6 „ 1500 1500
7-9 ,, 1800 1800
10-12 „ 2100 2100
13-15 ,, (Boys) 2500 2500

(G irls) 2100 2300
16-19 ,, (Boys) 3150 3000

(G irls) 2100 2200

The Nutrition Expert Group of the I.C.M.R. (1968) 
adopted the recommendations of Patwardhan with slight 
modifications. The recommended calorie allowances of Patwar­
dhan (1960) and Nutrition Expert Group of the I.C.M.R. (1968) 
arc given in Table 8.19 and are brieflv discussed below.

Adults: The I.C.M.R. Expert Group allowances are about 
15-29 per cent less than the E.A.O. Commitree allowances. This 
is due to the lower bodv veight of Indians and the tropical 
climate prevalent in India.

Childre):: I'lre I.C..‘\1.R. Ex!'. rt Groue allowances are about 
10-20 per cent less than the F.A..O. Committee allou'ances. This 
again is due to the lower body weight of Indian children and the 
tropical climate in India.



Pregnancy and lactation: The I.C.iM.R. Expert Group addi­
tional allowances during pregnancy (latter half) and lactation are 
300 and 700 KCal. These compare favourably with the F.A.O. 
Committee allowances.

Infants: The I.C.M.R. Group allowances of 120 KCal and 
100 KCal per kg. for the age-group of 0-6 months and 7-12 nronths 
are the same as the F ..\.0. Committee allowances.
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Chapter 9 

VITAMINS

During the nineteenth century, scientists found that the main 
constituents present in different foods ^̂ ■ere carbohydrates, fats, 
proteins, minerals and water. At the beginning of the 20th 
century, feeding experiments were conducted on mice bv some 
physiologists with synthetic diets based on blends of pure carbo­
hydrates, proteins, fats and mineral salts. The results showed 
that animals would not groev on such synthetic diets. It was 
evident that natural foods contained certain unknown substances 
which are essential for the growth of animals. These were called 
‘accessory food factors’ bv Hopkins (1912) and ‘Vitamine’ by Funk 
in 1912. Other lines of investigations which helped to focus 
attention of scientists regarding the existence of  ̂itamins in foods 
were (1) cure of scurvv, beriberi and rickets in human beings 
bv changes in the diet and (2) production of scurey, beriberi (poly­
neuritis) and rickets in experimental animals by feeding on faulty 
diets. A brief account of the above developments leading to the 
discovery of the different vitamins is given below and presented 
in Table 9.1.

Cure o f scurvy, beriberi and rickets in human beings
During the sixteenth centurv, there were several records of 

successful treatment of scur\y in sailors by means of lemons and 
oranges. The most important of these are (1) The observations 
of Jacques Cartier in 1535 that scunw could be cured by admini­
stering a decoction of pine needles (2) The report of Pvousseus 
(1564) that citrus Iruits prevented and cured scuny in Dutch 
seamen and (3) The observations of Capt. James Lancaster in 
1591 that scuny could be prevented by lemon juice. All these 
imestigations were summarised by Capt. James Lind in his 
famous book ‘Treatise of the scurvy’ published in 1753. Lind 
pointed out in his book from the available evidence that scurvy was 
caused by consuming stored, salted or dry foodstuffs and the 
disease could be prevented or cured by the consumption of fresh 
vegetables, fruits and herbs.



Table 9.1 D isc o v e ry  o f  V ita m in s

Y ear Investiga to r N atu re  of discovery

I. Cure of scurvy, beriberi and rickets in man by certain foods:
1601 L an caste r C ured  scurvy in m ariners by  oranges and

lem ons
1882 Takaki Prevented  th e  occurrence of be rib e ri am ong

Japanese sailors by rep lac in g  rice by 
w heat b read  and adding  m ilk an d  
vegetable.

1865 T ro u sseau  C ured  ricirets in ch ild ren  by m eans of cod
liver oil.

II . Production of deficiency diseases in experimental animals by feeding on
faulty diets:

Produced rickets in pupp ies by feeding on 
d iets free from  anim al fat.

P r o d u c e d  e.xperirnental b eriberi (P o ly ­
neuritis) in fowls by feeding th em  on 
w ashed polished rice.

P roduced  po lyneuritis  in fowls by feed in g  
on polished rice  d iet and postu lated  th a t 
polished rice lacked som e accessory 
food factor.

1907-12 H o lst and F rolich  P roduced  scurvy in  guinea pigs by feeding
th em  on cereal d iets.

III . Feeding of animals on purified diets:

1838 G u erin

1890-97 E ijkm an

1901 G rijn s

1881 L u n in

1905 Pekelharing

1909 Stepp

1912 H opkins

1912
1915

Fu n k
McCoMum

D iets based on sta rch , p ro te in , fa t and 
m inerals inadequate  fo r p rom oting  g row th  
of mice

Sm all am ounts o f  m ilk added to  purified  
d iets suffice to p rom ote  good grow th.

Bread and m ilk pow der ex tracted  w ith  alco­
hol and e th e r no t adequate  for p rom oting  
grow th of rats.

C onvincing q u an tita tiv e  evidence fo r the  
presence of accessory food factors in m ilk 
and the  beneficial effects of sm all am ounts 
o f m ilk in p rom oting  good g row th  of ra ts 
on purified  d iets. '

P ropounded  th e  ‘V itaro ine’ theory .
E vidence fo r th e  presence of at least two 

types o f accessory food factors (1) fat 
soluble and (2) w ater soluble.



In 1882, Takaki, a Japanese naval surgeon, showed tliat beriberi 
could be prevented by replacing polished rice in the diet by wheat 
bread, vegetables and milk. In 19(J7, Braddon pointed out that 
beriberi occurred among the Chinese and others who ate white 
rice whereas Malays vho ate homepounded rice and the Tamils 
who ate parboiled rice, were free from the disease. At about the 
same time, Fraser and Stanton (19U9) and Fletcher (1907) showed 
that the bran, removed from rice during milling, contained some 
substances which will prevent or cure beriberi in human beings.

Rickets was recognised as a definite disease by medical writers 
in the last half of the seventeenth century. In 1782, Robert 
Darley wrote to Times Percival an account ot his highly successful 
use of cod liver oil in the treatment of rickets. In 1865, Trous­
seau was teaching that cod li\’er oil was the well known and perfect 
cure for rickets. In 1889, Cheadle stated in his book ‘Artificial 
feeding of infants’ that ‘rickets is produced as certainly by a rachitic 
diet as scurvy is by a scorbutic diet’.

Production of beriberi {polyneuritis), scurvv and rickets in experi­
mental animals: Guerin (1838) produced rickets in puppies by 
feeding them on diets devoid of animal fats to support his theory 
that rickets was caused by faulty diet. In 1890 Eijkman, in the 
Dutch East Indies, made the important discovery of experimental 
beriberi (polyneuritis) in fowls by feeding them on polished rice 
diet. Eijkman’s collaborator, Grijns stated in 1901 that beriberi 
was due solely to a dietary deficiency and was not caused by any 
positive agent or toxin. In 1907, Holst andFrolichin Norway 
produced experimental scurvy in guinea-pigs bv feeding them on 
a cereal diet.

Feeding experiments with animals using synthetic diets: During 
the later part of the 19th century, feeding experiments on mice 
were carried out by some physiologists using purified diets. Lunin 
(1881) showed that animals failed to thrive when fed on a ‘svnthe- 
tic’ diet comprising of the then known constituents of food i.e. 
protein, carbohydrate, fat, mineral salts and water. He concluded 
that ‘a natural food such as milk must therefore contain besides 
these known principal ingredients small quantities of other anti 
unknown substances essential to life’. Similar conclusions were 
reported later by certain other workers, notably Socin (1891). 
Stepp (1909) reported that the unknown substances present in



n -.tural foods must be effective in very minute amounts for he had 
observed that small supplements of natural foods added to the 
artificial synthetic ratiim -vcrc sufficient to afford protection. A 
more detailed and thorough investigation by the great Enghsh 
Biochemist F. G. Hopkins (1912) showed that (1) albi'.io rats fed 
on a ‘synthetic’ diet containing purified protein, fat, carbohydrate, 
mineral salts and water failed to grow and (2) that addition of very 
small quantities of milk to the diet rendered the diet adequate and 
promoted good growth of rats.

'I'he concept of vitamins: Hopkins (1912) called the substances 
occurring in natural foods and essential for growth as ‘accessory 
food factors’. In 1912, Casimir Funk, a Polish Biochemist, who 
was working on the anti-beriberi factor coined the word ‘ Vitaminc’ 
for this factor and propounded the famous ‘Vhtamine’ theory. 
According to Funk, natural foods contained distinct anti-beriberi, 
anti-scurvy, anti-rickets and anti-pellagra ‘vitamines’i

DifferenliatioiL of fa t soluble and water soluble vitamins: Con­
vincing evidence indicating the presence of more than one vitamin 
was given in 1915 by McCollum and Davis from America. They 
reported that two accessory food factors were needed to promote 
growth of rats on synthetic diets (1) one, soluble in fats and found 
in butter and (2) the other, soluble in water and found in the whey 
ofmilk. These were named fat-soluble‘A’ and water soluble‘B’ 
respectively. At the suggestion of Drummond (1920) ‘water- 
soluble B’ was renamed as ‘vitamin B’, and the terminal ‘e’ of the 
word ‘vitamine’ was omitted. Similarly, ‘fat soluble A’ was re­
named ‘vitamin—A’. Since the anti-scurvy factor had different 
chemical properties from either ‘vitamin B’ or ‘vitamin A’, it was 
named ‘vitamin C’.

Classification o f vitam ins

Vitamins may be defined as organic compounds occurring in 
small quantities in the differ: it natural foods and necessary 'b>r 
the growth and maintenance of good health in Iviman beings and 
certain experimental animals. If vitamiiis are' not present in 
sufficient quantities in the diet, vitamin deficiency diseases occ ir. 
So far about 15 different vitamins have be'en isolated in a pure st itc- 
from natural foods. Almost all of them are essential for humin 
beings. Vitamins mav be classified broadly into two groups:

' "ll



(a) fat soluble vitamins i.e. vitamins soluble in fats and fat sob ents 
but insoluble in water and (b) water soluble vitamins i.e. vitamins 
soluble in water but insoluble in fats or fat solvents.

(rt) Fat soluble vitamins:
(1) Vitamin A and Carotene (Provitamin A)
(2) Vitamin D

Vitamin D,, (Calciferol, artificial vitamin D) and 
Vitamin (Irradiated dehydrocholesterol, natu­

ral vitamin D)
(3) Vitamin E. 

and (4) Vitamin K.

{b) Water soluble vitamins
I. Vitamin B complex

1. Vitamin Bj (thiamin, aneurin)
2. Riooflavin
3. Nicotinic acid and Nicotinamide (Niacin a:'.d Niaci­

namide)
4. Pyridoxin (vitamin B̂ ,)
5. Pantothenic acid
6. Folic acid
7. Biotin
8. Choline
9. p-amino benzoic acid

10. Inositol and
11. Vitamin Bj.,

II. Vitamin C (ascorbic acid or Civitamic acid)
III. ^'itamin P. (Bioflavanoids)

I. FAT SOLUBLE VITAMINS

V itamin  A
Vitamin A occurs only in foods of animal origin. Vitamin A 

activity is also possessed by carotenoids found in plants. Hence 
carotenoids are called provitamin A.

History
McCollum and Davis (1917) and Osborne and Mendel 

(1913) showed that a fat soluble factor present in butter 
was essential for the growth of rats on synthetic diet. The former



group of workers called the factor as ‘fat soluble A’. i Steenbock 
(1919) discovered the vitamin A activity of carotenoids. Later 
he 11920) found that vitamin A was present in the unsaponifiable 
fraction of fish liver oils. Moore (1930) made the important 
discovery that when carotene was fed to vitamin A deficient rats, 
vitamin A was found in the liver.) In 1931, Karrer obtained a 
highly concentrated vitamin preparation and determined the 
structure of the vitamin. In 1937, Kuhn and Morris announced 
a method of synthesis of vitamin A. Holmes and Corbet (1937) 
obtained vitamin A in a crystalline form.

Chemistry and Properties o f Vitamin A
The chemical structure of Vitamin A is given in Fig 9.1

CH, CHj
C CH, CH,

/ \  I I
H,C C -C H = C H —C=CH  -CH—CH—C=-CH—CH,OH

I II
H,C C

V / \
C CH,
H,

Fig. 9.1 V ita m in  A

Vitamin A contains a /i-ionone ring. The side chain contains two 
isoprene units, 4 double bonds and one alcoholic group. Due to 
the presence of 4 double bonds, vitamin A is destroyed easily by 
oxidation. Due to the presence of alcoholic group, it forms esters 
such as palmitate, acetate, succinate etc. The oxidised products 
of vitamin A have no vitamin A activity. Vitamin A is stable to 
heat (100°C) for short periods in the absence of oxygen but in the 
presence of oxygen it is slowly destroyed. Vitamin A is slowly 
destroyed when its solutions are exposed to light. It is for these 
reasons pharmaceutical preparations containing vitamin A are 
packed in browm bottles.

Vitaviin H,: While vitamin A occurs in the livers of marine 
fish, egg and butter, vitamin A„ is present in the livers of fresh 
water fish. Vitamin A., differs from vitamin A in having one more 
double bond in the /3-ionone ring. The biological activity of 
vitamin A., in the rat is only about 30 per cent of that of vitamin A.



Vitamin A aldehyde {Retinene, Retinal): The classical studies 
of Wald (1935) and Morton (1944) have shown that vitamin A 
is oxidised to vitamin A aldehyde in the retina of ey'es. The role 
of retinal (vitamin A aldehyde) in \ision in dim light is discussed 
later.

Vitamin A acid (Retin a'c acid): Retinoic acid (Vitamin A 
acid) was first synthesised by Arens and Van Dorp (1946) who 
showed that when given in oil it was only 10 per cent as actie'e as 
retinol in supporting the growth of e-itamin A deficient rats but 
when administered orally as the Xa salt, its biopotency was equal 
to that of retinol. It does not support reproduction in female 
rats. It cannot be converted into retinol and hence docs not take 
part in the visual cycle and does not prevent the eye lesions and 
blindness in animals fed on vitamin A deficient diet. Biological 
acti\'ities of vitanain A (retinol), vitamin A aldehvde, vitamin A„ 
and vitamin A acid are given in Table 9.2.

Table 9.2 B io lo g ic a l a c t iv ity  o f  v i ta m in  A a n d  i ts  d e r iv a t iv e s  fo r  
p r o m o tin g  g ro w th  o f  ra ts

V itam in A alcohol (R etinol)
Biological activity 

100
V itam in  A alcohol esters 100
V itam in  A aldehyde (R etinal) 100
V itam in Ao 30
V itam in  A acid 50

Absorption and storage of vitamin A: Vitamin A alcohol or 
esters are almost completely absorbed in normal human subjects. 
Vitamin A esters are hydrolysed in the lumen of the intestine 
to free vitamin A alcohol prior to its absorption through the 
mucosal membrane. Vitamin A alcohol (Retinol) is absorbed 
through the mucosal membrane and is esterified into vitamin A 
palmitate. Vitamin A palmitate passes via the lymphatic system 
to the blood stream and then to the lii er. It is stored in the 
Kupffer cells of liver. When vitamin A is mobilised from the liver, 
the stored vitamin A ester is hydrolysed to free alcohol prior to 
its release in the blood stream and vitamin A alcohol is transported 
to the different tissues by the blood. Liver can stor. large amounts 
(2 to 3 lakhs I.U.) of vitamin A, when the subject is fed on diets 
rich in vitamin .V.



Physiological and biochemical functions
The important functions of vitamin A are as follows: 
Vitamin A and vision: Vitamin A plays a critical role in 

vision in dim light. The vitamin A visual cycle is shown in Fig. 
9.2, '

M -05 -Vitamin A

Opsin ' 1 - as -Retinen̂ -

 ̂AII - Irons-Vita;.nn A

I A lcoho l de'hydrogeoqss +  NAQ |

RetinAoe itomorase A11 - trans-Ret mene * Oosi  ̂

Hydrolysis 

M e to i 'h o d o p s in

TSermcil f2 'i* fa n ;''3 m o rf 

—  LumlrhoCiOpsirv

Fin. 9.2 V ita m in  A  v is u a l  c y c le

According to Wald (1935) the characteristic pigments of the 
retinal rods and cones are rhodopsin and iodopsin. They 
differ only in respect of the protein moieties (called scotopsin 
and photopsin respectively). The specific pigment common to 
both is a cis-isoraer of retinene (vitamin A aldehyde). Vitamin A 
alcohol is oxidised to vitamin A aldehyde in the epithelium of 
the rods by alcohol dehydrogenase in the presence of NAD. y. The 
protein opsin (scotopsin) reacts with retinene to form rhodopsin. 
Light initiates a scries of photochemical changes in rhodopsin, 
beginning with bleaching of the purple pignaent and ending with 
the formation of all-trans-retinene and its isomerisation. The 
resynthesis of rhodopsin is isomer specific, requiring the 11- 
cis-isomer of retinene. Morton and coworkers (1953) demon­
strated the regeneration of rhodopsin with all-trans vitamin A 
alcohol, phosphate buffer, magnesium ions and excised rat 
retinas. It is evident that the retina is able to isomerise all- 
trans-retinene to cis-trans retinene.

Vitamin A and epithelial tissues: Vitamin A is essential for 
the integrity of the mucous secreting cells- of epithelial tissues. 
In vitamin A deficiency, the cpithedial tissues are keratinised. 
The tissues affected are salivary glands, respiratory tract, eyes, 
skin and sex organs.



Vitamin A  and nerves: Mellanby (1926) made the important 
observation in experimental animals that vitamin A deficiency 
causes degeneration of the myeline sheath.

Vitamin A and bone: Alcllanbv (1934) found that vitamin A is 
essential for normal bone formation. Excess of vitamin A, 
hotvever, is toxic and causes brittleness of bone and hence bone 
fractures.

Vitamin A and protein deficieiin : The absorption and mobili­
sation of \itamin A is impaired in prctein malnutrition. When 
protein is fed, vitamin .1. is mobilised from liver.

Mucopolysaccharides and sulphate metabolism: Vitamin A 
takes part in the incorporation of inorganic sulphate in muco­
polysaccharides and in the synthesis of mucopolysaccharides.

Vitamin A and miicoprotein svnfhesis: Vitamin A is essential 
for the synthesis of mucoproteins and glycoproteins.

Vitamin A and reproduction: In vitamin A deficiency; 
reproduction does not take place through (f) infertility in the 
male and (2) failure of the female to conceive or resorption 
or abortion of the foetus if conceived.

Effects o f vitam in A deficiency
The important deficiency states due to lack of vitamin A in 

the diet are (f) Night blindness (ff) Xerosis conjunctivae 
{Hi) Xerosis cornea {iv) Bitot’s spots and (v) Keratomalacia.

Night blindness: The role of vitamin A in dim vision has 
been discussed earlier. In early stages of vitamin A deficiency, the 
individual cannot see well in dim light. Difficulty in reading or 
driving the car in dim light is experienced. In advanced deficiency, 
the subject cannot see objects in dim light. Night blindness is 
fairly common in regions where the vitamin A intake is inadeciuate.

Xerosis conjunctivae: The conjunctiva is dry, thickened, 
wrinkled and pigmented. This is due to the keratinisation of the 
epithelial cells. The pigmentation gives the conjunctiva a smoky 
appearance. This condition is extremely common among all age 
groups in India and other developing countries where the 
vitamin A intake is low.

Xerosis cornea: When dryness spreads to cornea, it takes on 
a dull, hazy, lustreless appearance. This is due to the keratinisa­
tion of the epithelial tissue over the cornea.



Plate I I I :  B ito t's Spot

P l a t e  I V :  Keratomalacia 
(Late with necrosis of cornea)



Plate I ';  Phrynoderm a: T h e  ex tenso r aspects of the ex trem ities are invoK 
T h e  horny sum m its of the k eratin ized  follicles may be seen clearly in the 

m agnified p ictu re  on the left.



(rBitot’s spots: Bitot described this condition in 1863. Greyish 
or glistening white plaques formed of desquamated thickened 
conjunctival epitlaelium, usually triangular in shape and firmly 
adhering to the conjunctiva are frequently found in children having 
other signs of vitamin A deficiency. (Plate III).

Keratomalacia: When xerosis of the conjuiictivae and cornea 
is not treated it may develop into the condition known as ‘kerato­
malacia’. Metaplasia and degeneration of the corneal epithelium 
occur, producing opacities and the cornea becomes vascularized, 
oedematous and infiltrated with leucocytes. Necrosis, leading to 
ulceration and bacterial invasion brings a’oout the destruction 
of the cornea. Blindness often results from corneal scarring or 
perforation (Plate IV).

Follicular hyperkeratosis: (Phry,noderma) Wolbach and Howe 
(1925) showed that in the skin of vitamin A deficient animals, 
follicular keratosis developed. There is hyperkeratinisation of 
epithelium lining the follicle. The sebaceous glands are absent 
or present only in remnants. The sweat glands and their ducts 
show changes similar to those seen in pilosebaceous follicles. 
The skin becomes rough and dry and papules of varying sizes 
arising at the site of pilosebaceous follicles are observed. 
(Plate V). Earlier workers showed that this condition responds 
to treatment with vitamin A. Alore recent studies, however, 
indicate that the above condition can be cured by the 
administration of essential fatty acids and pyridoxin (Gopalan, 
1947).

Vitamin A and urinary calculus: Studies with animals have 
shown that vitamin A deficiency predisposes the animal to the 
development of urinary calculus, due to degeneration of the epithe­
lial cells of the urinary tract. There is no association, however, 
between the incidence of vitamin A deficiency and urinary stones 
in human beings.

Diagnosis o f vitam in A deficiency in hum an subjects
Two methods are used for the diagnosis of vitamin A deficiency 

in human beings.
Dark adaptation test: In early stages of vitamin A deficiency, 

the individual cannot see objects in dim light. This principle is 
made use of in the dark adaptation test. The test is carried out in



one OT the foiloAviug two ways (/) In the first method, rne subject is 
kept i.t a dark room for some time a,id asked to identify an object 
',eliieli is eiimly illuminated, the intensity of liglit being i.icreased 
till tl;e subject is able to see the object (//) in tiu' second metliod, 
the visiuii purple is bleached by exiiosure to briglit light for some 
time- and the time iec[uired for the \Tsnai purple ’o he regenerated 
is measured by tire aliility of tiie subject in seeing a. dlmiv 
ihumiiiated object. Se\‘eral insiruine.irs are .nailable !or tlris 
pur;v,'se. AYald’s raetliod of measuring ‘final rod threshold’ as 
modified liy Dow and Steven (1941) has prn.ed to Is e[uii;e 
reliabfie. The studies carried out under the Itiedica! Ifeseareh 
Council, U.K. (1949) on experimeiual vitamii’ .4 deiicie.ier in 
human subjects, showed that dark ad.ipt.ition ljsc is a seiisiture 
measure of early vitamin A deficiency.

Serum vitaviin A content: In vitamin A deficiency, serum 
levels of vitamin A are low. Studies carried out by Gopaian and 
co-v.orkers (1960) and Pereira and co-workers (1966) in India have- 
shown that serum vitamin A levels are reliable index of vitamin A 
deficiency in children. The levels of vitamin A in scrum (l.U./ 
100 m!) indicative of various degrees of deficiency, are as follows:
(i) Xormal children 80 l.U. and above (//) children having xero- 
phtliaimia and Bitot’s spots less than 45 l.U. and [iii) subclinical 
state between 45 and 80 l.U.

Methoils of assay: The methods used fortheassay of vitamin A 
areas follows: (f) The absorption spectrum of vitamin A in 
the ultra-violet shoŵ s a sharp band at the wave length 380 m/u

with an extinction coefficient of C 1%
1cm —  1780. Vitamin .V ein

be estimated spcctrophotometrically by this method, (fij Vitamin A 
gives :: blue colour with antirntiny trichloride in chloroform 
solntio:!. The colour can be nuasured in a coloi'imeter or 
spectrophotometer at 620 m/'. and {Hi) Biological metliods of 
assay arc based on the growtli of rats fi d on vitamin A deficient 
diet or cure of vitamin A deficienev in rats.

C.AROTENOID3 (PROVITAMIN A)

Carotene was first isolated from carrot bv' Wackenroder in 1831. 
The first evidence regarding the vitami:i A activitv of carotenoids 
was produced by Stcenbock (1919). Moore (1930) showed that



when large amounts of carotene are fed to vitamin A deficient rats, 
vitamin A is found in large amounts in liver, indicating the 
conversion of carotene to vitamin A in the animal body.

Chem istry and properties
A large number of carotenoid pigments occur in nature. The 

chemical structure of/9-carotene is given in Fig. 9.3,

Cii ( CH. C h , Co-,
\  n \  /

C CH, CH, CH, CH, C
I I I I /  \

H,C c -C H  CHC CHCHCHCCHCHCHCH,CCHCHCHCCHCH- C CH:
1 fl II II »' I

H,C C C CH,
, / \ /

C CH, H,C C
H,, H,

o-Carotene

Fig. 9.3

It contains 2 /9-ionone rings designated as fi  ̂ and /3„ bridged
C ’

by a chain of 4 isoprenc (CFI.,= | —CH=CFI,,) units,
" CH “

and y-carotenes differ from /9-carotene in containing only one 
/3-iononc ring. Some other carotenoids i.c. cryptoxanthin and 
xanthophyll differ from /3-carotenc in having hydroxyl group 
in one or both the ,S-iononc rings. At least one /9-iononc ring 
similar to that present in /9-carotene is essential for vitamin A 
activity. Lycopene (with broken /S-ioaone rings) or xanthophyll 
(having hydro.xyl groups in the /9-ionone rings) possess no vita­
min A activity. The presence of conjugated double bonds in the 
carotenoid bridge makes possible a large number of cis-trans iso­
mers. /j-carotene has been widely used as a food colour. A related 
group of products, apocarotenals, have vitamin A activity. Of 
these /3-apo-8’-carotenal is used as orange colour in foods.

Absorption and  conversion into vitam in A
The absorption of carotenoids from the intestines varies con­

siderably depending on whether the carotene is administered in 
the pure form or in foodstuff's and the quantity of fat present in 
the diet. /3-carotene dissolved in oil is absorbed to the extent of



70-90 per cent. The carotenoids present in the vegetables are 
absorbed to a lower extent (25 to 50 per cent) depending on the 
quantity of fat in the diet and the extent to which the vegetables 
have been homogenised. Data regarding the percentage absorp­
tion of carotene by human subjects are given in Table 9..5. It 
must be realised that measurement of the absorption of carotene 
by the analysis of food and feces for their carotene contents is made 
difficult and uncertain bv technical complications. The state of 
carotene in the diet and in the feces will be widely different. Some 
of the carotene m:iy be dcstroved bv bacterial action. The results 
obtained are approximate and indicate the factors influencing the 
absorption of carotenes.

Table 9.3 A v a ila b ili ty  o f c a ro te n e  in  h u m a n  su b je c ts  f ro m  
v a r io u s  s o u rc e s

N o. of 
Subject Source of Carotene- In take

m g/day

A bsorp tion  
(percentage of 

intake)

In fan ts:
3 Infan ts C aro tene in oil 0.4—2.6 55 (30-70)
1 In fan t C arro t meal 3.S 50

Children:
4 children C aro tene in oil 8— 15 52 (30-75)
1 child C a rro t pu ree 8 30
1 child Spinach, cooked, m inced 5 30

Adults:
5 adults C aro tene in oil or fat 3.1— 3.6 73 (69-82)
2 adults C arro ts, canned sliced 2.2 24(16, 31;
4 adults C arro ts , cooked, puree 3.0 25 (6-36)
4 adults 1’ 4" b^t 3.0 33 (0-60)
2 adults C arro ts , cooked, hom ogenized 3.0 56 (46, 63)
3 adults Spinach, canned , puree 2.5 41 (28-62)
2 adults Spinach, canned, hom ogenized 4.0 43 (35, 47)
3 adu lts Cabbage, d ried , ou ter leaves 1.9 41 (13-60)
2 adults 1' n 3.8 28 (28, 27)

Conversion of carotene to vitamin A: Moore (1930) first 
demonstrated that when large quantities of /3-carotene were fed to 
vitamin A deficient rats, large quantities of vitamin A were deposit­
ed in the liver. He suggested that the conversion of /3-carotene



to vitamin A takes place in the liver. But attempts to convert 
carotene to vitamin A by incubation Avith liver slices yielded nega­
tive results. Deuel and co-workers (1947) administered caro­
tene dissolved in oil intraperitonially or intravenously to vitamin A 
deficient rats and found carotene administered in the above 
manner did not promote growth and did not cause any increase in 
liver vitamin A. They suggested that carotene orally admini­
stered is probably converted into vitamin A in the intestinal 
wall. In later studies, they administered carotene (1800 /yg) orally 
in oil in a single dose to vitamin A deficient rats and killed them 
after 3 hrs. for determination of vitamin A in the intestine and 
liver. The intestines contained a total of 13.5 p-g. carotene and
40.3 I.U. of vitamin A whereas the liver contained only 1.6 pg. 
carotene and 22.8 I.U. of vitamin A. This experiment showed 
definitely that intestine is the site of conversion of carotene to 
vitamin A. These results were confirmed later by studies of 
Morton and co-workers (1948).

Biological activity of isomers of ji-carotene: The biological 
activity of /3-carotene and its isomers have been determined by 
feeding the isomers dissolved in oil to vitamin A deficient animals 
and observing the increase in the grmvth rates. The relative 
biological activity of different carotenoids is given in Table 9.4. 
In careful experiments 0.6 pg. of carotene dissolved in oil has 
been found to possess the biological potency of 0.3 pg of vitamin A 
(one International Unit).

Table 9.4 Relative biopotency of carotenoids

,8 -C arotene (all-trans) 100

,,^-C arotene (a ll-trans) 53

y -C aro ten e  (a ll-trans) 27, 45

C ryp to x an th in  (a ll-trans) 57
N eo-,8 -C aro tene U  (m ono-cis) 38

N e o -^ -C a ro te n e  B (di-cis) 53

L ycopene 0

X anthophyll 0

)i;-Apo-8’-C aro tenal 68



Method o f assay
/j-Carotcne occurs in leafy vegetables and carrots along wild 

c>/and -/-carotenes, and other carotenoid pigments such as crvptov- 
anthin or lycopene. The procedure involves tire cNtraction of 
the pigments by using suitable soK ent inivtures (I’iia.sic separa­
tion). Mixtures of hexane a-id acetone or hexane and nietlivl 
alcohol permit separation of carotenes from xanthophyil, chloro­
phyll and other pigments. The carotenes are separated e'hrom;:- 
tographically and estimated using a spectrophotometer at 4.16 m/n

Dietary sources
Vitamin A is present only in fish liver oil and foods of animal 

origin, such as liver, eggs, butter milk and fatty fisli. Ail plant 
foods contain only carotenoids. \  itamin and carotene contents 
of foods are given in Table lA in appendix. A summary of the 
data is given in Tables 9.5 and 9.6.

Table 9.5 V ita m in  A (R e tin o l)  c o n te n t  o f fo o d stu ffs

Source V itam in A co n ten t 
/Jg/lOOg

Rich iiources
H alibu t liver oil 500,000-1000,000
Cod liver oil 10,000-100,(100
Cod liver oil B.P. 18,000
Shark 1 iver oil 9,000-16,000
Shark liver oil (Ind ian  Pharm acopca) 0660
L iver (sheep, goat, ox ur pig) 6,000-10,000

Good sources
B utter 720-1200
Gliee (clarified Duttcr fat) 600-700

(hen), whole 300-400
Egg (yolk) 600-S00
M ilk pow der (full cream) 400-4.S0
Cheese (fatty type) 200-400

Fair sources
M ilk, cow or buffalo (whole) 50-60
M ilk, hum an 60-70
F atly  fish 30-40



Table 9.6 C a ro te n e  c o n te n t  o f  fo o d s

Source C aro ten e  con ten t
/■^g/lOOg

V itam in A 
equivalent fog)*

Red palm  oil 25,000-33,000 4167-5500

Green leafy vegetables

A m aranth  leaves 1,600-7,000 266-1166

Cabbage 1300 217

C oriander leaves 7,000-8,000 1166-1333

C urry leaves 8000 1333

D rum stick  leaves 7700 1283

F enugreek  leaves 2700 450

Radish leaves 4500 750

M int 1800 300

Spinach 3600 600

Other vegetables

C arro t 1,300-2,600 217-434

Pum pkin , yellow 600-720 100-120

Fruits

Jack fru it 320 54

M ango, ripe 3000 500

O range 210 35

T om ato  ripe 190 32

*V itam in A equivalen t calculated  on the  assum ption  th a t 6 caro tene 
i n the  d iet will have th e  sam e biological activ ity  as 1 /tg, of v itam in A alcohol 
as suggested by th e  F A O /W H O  E x p ert G roup  on R equ irem en ts of V itam ins 
(FA O  R eport Ser. N o. 41).

Vitamin A requirements

I'he vitamin A requirements for the different age groups 
recommended by tire FAO/WHO Expert group on Vitamin 
Requirements and I.C.M.R. Expert groups are given in Table 
9.7.



Table 9.7 Recom m ended intakes of vitam in A or carotene (pg  day)

I.C .M .R . E xpert G roup KAO E x p ert G roup

Age
V itam in A 

R etinol C aro tene '
O 'A

V itam in A 
Retinol

(Pe)

As Carotene*

U p to  1 vear 300-400 1200-1600 300 ISuO
1-3 years 250 1000 2.V0 I5"0
4-6 „ 300 1200 3D0 ISOO
7-9 „ 400 1600 400 2400
10-12 „ 600 2400 575 34-50
13-15 ,, 750 3000 725 4350
A dolescents 750 3000 750 4500
A dults (m en and

wom en) 750 3000 750 4500
Pregnancy 750 3000 750 4500
L actation 1150 4600 1200 7200

‘ V itam in A equivalent calculated on th e  assum ption  tlia t 4 Pg Carotene 
in th e  d iet will have the  same biological activ ity  as 1 /<g v itam in  A alcohol 
( re tin o l).

- V itam in A equivalen t calcu la ted  on tlu ' a ssum ption  th a t 6 pg  
caro tene  in th e  d iet will have the  sam e biological activity  as 1 Pg v itam in A 
alcohol (retinol).

Treatment and prevention of vitam in A deficiency
Mild to moderate cases of vitamin A deficiency can be treated 

by the daily oral dose of 10,000 pg of fat soluble vitamin A for a 
period of 10 days. In severe cases, larger doses of 50,000 pg. of 
fat soluble vitamin A will have to be administered daily for a few 
weeks. Studies carried out by Swaminathan and co-workers 
at Hyderabad (1970) have shown that a single massive dose of
100,000 pg. of fat soluble vitamin A will help to prevent 
vitamin A deficiency in children for about a year.

Toxic effects o f excess o f vitam in A
Toxic effects of large doses of water soluble vitamin A have 

been reported in children by several workers. In all these cases 
the children have been receiving 30,000 to 150,000 pg. of water 
soluble vitamin A for several months. The characteristic signs 
and symptoms observed were anorexia, headache, a dry itching 
skin and swelling over the long bones due to bony exostoses. The



liver was enlarged. The serum vitamin A level was very high. 
Rapid recovery of the subjects followed on withdrawal of the 
vitamin.,

Polar bear liver poisoning: The to.xic effects in humans and 
dogs due to consumption of polar bear livers have been reported. 
Rodahl and Moore (1943) found by chemical estimation that polar 
bear livers are unusually rich in vitamin A containing 600,000 /tg. 
vitamin A per 100 g. Consumption of about 500 g of liver would 
provide toxic doses (3000,000 /j-g) of vitamin A.

\hT A M IN  D

History

Mellanby (1919) discovered that cod liver oil can cure or pre­
vent experimentally produced rickets in dogs. McCollum and 
co-workers (1922) established experimentally that the, antirachitic 
vitamin was different from vitamin A and called the factor vitamin D . 
Steenbock and associates (1924) and independently Hess 
(1924) found that antirachitic activity could be induced in some 
foods by irradiation with ultra-violet light. Later work by several 
workers showed that the sterol fraction of oils when irradiated 
with ultra-violet light developed antirachitic activity, though 
the sterols by themselves, were inactive. Reerink and Van Wijk 
(1931) isolated a crystalline vitamin D preparation from activated 
ergostcrol. Schenck (1937) obtained a crystalline vitamin D pre­
paration from activated 7-dehydrocholesterol.

Chemistry and properties

The chemical structures of vitamin (Ergocalciferol) and 
Vitamin Dg (cholecalciferol) are given in Figs. 9.4 and 9.5 as com­
pared with ergosterol and 7-dehydrocholesterol from which they 
are prepared.

The conversion of ergosterol and 7-dehydrocholesterol to 
vitamin D„ and results in the opening of ring B, resulting in 
one more unsaturated linkage. The sequence of the formation of 
vitamin D„ from ergosterol is given below:

->Toxisterol
E rgostero l-^L u m iste ro l^T ach y stero l-» C alc ife ro l-^

^ S u p ra s te ro ls
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Toxisterol, as the name implies is toxic and the other com­
pounds have no vitamin D activity. Vitamin D.̂  was found to 
be identical with the natural vitamin D occurring in fish liver oils.

Vitamin D is fairly heat stable. It is soluble in fats and fat 
solvents and insoluble in water.

Absorption and storage
Vitamin D can be administered orally or by injection. Orally 

administered vitamin D is absorbed from the small intestines. 
Fat helps in the absorption and bile is essential for absorption. 
Vitamin D passes to the general circulation via lymph and distri­
buted throughout the body. Small amounts of vitamin D are 
found in blood and other tissues.

Physiological and biochem ical functions
The different functions of vitamin D are as follows:
(1) Vitamin D promotes the absorption of calcium and phos­

phate from the small intestines. When vitamin D is absent,



Plate V I:  A  child suffering  from  rickets show ing m arked 
bony deform ities.



Plate V I I :  A child  w ith  rickets show ing signs of rickety rosary



absorption of calcium is very low and a greater part of the ingested 
ailcium is lost in the feces. (2) The vitamin also acts in some 
more direct manner on the bones directly promoting cnlcilication. 
Administration of A'itamin D to a rachitic animal causes degenera­
tion of the growing cartilage ceils of the epiphysis. This is 
followed by invasion of the older cartilage zone by blood vessels 
which bring the necessary calcium and phosphate for the ossifica­
tion of the bone. (3) Recent studies have shown that vitamin D 
is hydroxylated at position 25 into 25-hydroxy vitamin D (25-HCC) 
in the kidney. This hydroxylated form is more potent than vita­
min D, in calcification of the bone and hence appears to be the 
actix'c form of vitamin D (1-25HCC). This form also is more 
active in the intestinal absorption of calcium than vitamin D. It 
is believed that vitamin D helps to elaborate an active calcium 
binding protein in the intestines which helps the absorption of 
calcium from the intestines. A calcium dependent A.T.P. ase 
has also been demonstrated in microville of intestines when vita­
min D is administered. The above system appears to be involved 
in the intestinal absorption of calcium (Deluca 1971).

Effects o f vitam in D deficiency
Vitamin D deficiency causes the diseases, rickets in children 

and osteomalacia in adults.
Rickets: This disease was widely prevalent among children 

in all the countries of the world till recently. It is characterised 
by bone deformities. The earliest bony lesion is often craniotabes 
■—small round unossified areas in the membranous bones of the 
skull. Another early sign is the ‘beading’ at the costochondal 
junctions of the ribs, known as ‘rickety rosary ’. Later features 
are ‘bossing’ of the frontal and parietal bones and delayed closure 
of the anterior fontanellc and deformities of the chest such as 
undue prominence of the sternum known as ‘pigeon chestl (Plates 
VI and VII). Since the bone is soft due to non-deposition of 
calcium salts they are easily bent by the weight of the body. If 
the rickets continue during the second and third year of life, serious 
bone deformities, such as bow legs, knock knees and deformities 
of the spine and pelvis develop. There is extension and widening 
of the epiphyses at the growing points.

Osteomalacia: Osteomalacia may be called adult rickets. It 
occurs generallv in pregnant women of the loiv income groups who 
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consume a diet devoid of A-itamin D and low in calcium and who 
live indoors for social reasons and observe ‘purdha’ (covering their 
bodv completely with a loose gown, including the face). Oste­
omalacia has been reported from India, Pakistan. China and 
Middle east countries. The changes in the blood are essentiali}' 
similar to those in rickets. Due to lack of vitamin D, there is a 
progressive decalcification of the bone and the bone becomes soft. 
Bone deformities due to the weight of the body occur in peh is, 
legs, ribs, sacrum and lower lumbar vertebrae (Plate Due
to the deformity of the pelvis, nonnal de-livery of the babv becomes 
difficult.

Methods o f assay
The methods used for the assav of \ itamin D are as follov s :
(?) Chemical meihods: The method involves separation of 

vitamin D bv column chromatographv from other interfering sub­
stances and determination spectrophotometric.dkv'. This method 
can be used only for pharmaceutical preparatio'.is containing pure 
vitamin D.

(?7) Biological methods: Biological methods are accurate for the 
assav of preparations containitig small amounts of t'itamin D. 
The international unit of vitamin D actie itv is the potene’v of 
0.025 micrograms of ergocalciferol (Vitamin D„). Tnrec r. nes 
of biological methods are used (a) Growth method {fif Bone ash 
method and (c) Line test.

(«) Growth viethod: Graded amounts of standard vitamin D 
and unltnown are given to vitamin D deficient young rats. The 
growth rates are proportional to vitamin D present. By com­
paring the growth rates of rats on diets containing graded amounts 
of the standard and the unknown, the vitamin D potency can 
be calculated.

{h) Bone ash method: Graded amounts of standard vitamin D 
and unknown arc given to vitamin D deficient rats and the ash 
content of tibia or radii is determined. The increase in ash 
content is proportional to vitamin D content.

(c) Line test: Graded amounts of standard vitamin D and 
unknown food arc given to \ itamin D deficient rats. The proxi­
mate end of the tibia or the distal end of tlie radii or ulnae are taken, 
cleaned from adhering tissue and longitudinal medium section is



PlaU I ' l I I :  A  case of advanced Osteom alacia 
show ing m arked deform ities affecting the 

spine, pelvis and low er ex trem ities.



made. The section is immersed in a 2 per cent aqueous solution 
of silver nitrate for one minute whereby the newly deposited cal­
cium phosphate is converted into silver phosphate. After wash­
ing with water, the section is exposed to light when the silver phos­
phate develops a black stain. The width of the line of silver 
phosphate is an index of cure effected by vitamin D.

Dietary sources: X-htamin D is present only in some foods of 
animal origin. It is not present in foods of vegetable origin. The 
important sources of v itamin D are fish liver oils, fatty fish, eggs, 
butter, cheese, full fat milk powder and milk. The vitamin D 
content of some foods is given in Table 9.8.

Table 9.8 V ita m in  D  c o n te n t  o f  c e r ta in  fo o d s

Food V itam in D

/J-g/lOOg I.U./lOOg

Fish L iver Oils
H alib u t liver oil ,S00— 10,000 20,000—400,000
Cod ][vcr oil 200—750 8,000—30,000
Cod liver oil B.P. 200 8,000
Shark  liver oil j  0— 100 1,200—4,000

Other Foods
F a t, fi.sh (sardine, salm on, herring) S— 30 200—1,200
Egg, hen , whole 1.25—1.5 50—60
Egg, yolk 3—4 120— 160
B utter 0.5—1.5 20—60
G hee  (clarified b u tte r  fat) 0.5— 1.5 20—60
M ilk  pow der, full fat 0.4—0.6 15—25
M ilk, fresh , w hole 0.05—0.1 2—4

1 m icrogram  of v itam in  D  =  40 I .U .

Vitamin D, sunlight and ultra-violet light

Since the incidence of rickets was less common in children in 
the tropics as compared with those in the temperate climate. Palm 
(1890) was of the view that the abundant sunshine in the tropics 
was probably responsible for the low incidence of rickets. In 
1919, Huldschinsky demonstrated on the basis of X-ray studies 
that exposure to ultra-violet light from mercury vapour lamp for 
short periods daily can cure rickets in children. I less and Longer



( 1 9 2 1 )  c o n f i r m e d  t h a t  u x p o s ' . i r u  o i  c l i i i d r e n  s u f f e r i n g  f r o m  r i c k e t s  
t o  s u n l i g h t  h a d  a  c u r a c i v e  . . . L e t .  T h e  s t i i d i e s  o t  C l h c k  . i n d  c o -  
W L ' r k e r s  ( 1 9 2 3 )  u n d e r  c o n t r o l l e d  c n n  ' d t i o n s  o r o - n d  e -  e  ;  r . - i v  
t h a t  r i c k e t s  c a n  b e  c u r e d  i n  c l r . u l r e n  e i n i e r  i r y  g i v i - t g  c . , J  . n - . r  o i l  
o r  b v  e x p o s u r e  d a i l v  t o  u l t r a - s T o l c t  k g ’n i :  I r u i i i  m e r e n . n r  ' . T i n o i i r  
i a r n p  f o r  s l i o r t  p e r i o d s .  T h e  b e ' i e n c i a l  e i i e c t  o f  - a n - i c ' n :  : s  < ' p b v -  
i o u s i s '  d u e  t o  t h e  u l t r e . - e i O i e t  r a u u i t i o n s  p r e s e n t  i n  i t .

Requirements
T i r e  d a i l y  r e q u i r e m e n t s  o f  \ T t a m i n  D  f o r  i n f a n t s  a n t i  p r e s c i i o o l  

c h i l d r e n  h a v e  b e e n  e s t i m i i t e d  t o  b e  a b t i u t  i t )  / - i g  ( - r t ) t )  J . L k ) .  F o r  
o l d e r  c h i l d r e n  a n d  a d u l t s  i e s s e r  a m o u n t s  5  / e g  ( 2 l ) 0  I . U . )  m a v  b e  
a d e q u a t e  w h i l e  e x p e c t a n t  a n d  r i . . r s u i g  m o t h e r s  t v i l l  n e e d  a b o u t  

1 0  ( 4 0 0  I . U . ) .  I n  t r o p i c a l  c l i m a t e ,  h a l f  t h e  a b o v e  a m o u n t s  w i l l
b e  a d e q u a t e  i f  t h e  s u b j e c t s  a r e  e x p o s e d  t o  d i r e c t  s u . n l i g h t  f o r  s o m e  

h o u r s  d a  i l y .

Treatment and prevention o f  vitamin D  deficiency
F o r  t h e  t r e a t m e n t  o f  r i c k e t s  a n d  o s t e o m a l a c i a  a b o u t  1 0 0 0  t o  

5 0 f ) 0  i . U .  o f  v i t a m i n  D  ( 2 5  t o  1 2 5  / a g )  s l r o u l d  b e  a d m i a i s t e r e d  
o r a i l v  d a i l y  f o r  a b o u t  a  m o n t h .  - V l t e r n a t e l v ,  a  s i n g l e  m a s s i v e  o r a l  
d o s e  o f  v i t a m i n  D ,  2 5 0 0  / ' g  ( 1 0 0 , 0 1 H j  I . U . )  c a n  b e  g i v e n  i f  a  d o c t o r  
i s  n o t  r e a d i l y  a c c e s s i b l e  t o  t h e  p a t i e n t .  T h e  d a i l v  a d m i n i s t r a t i o n  o f  
s m a l l  d o s e s  i s  s a f e r  t h a n  a  s i n g l e  m a s s i v e  d o s e .  I n  a d d i t i o n  t o  t h e  
v i t a m i n ,  t h e  s u b j e c t  s h o u l d  r e c e i t v '  a d e q u a t e  q u a n t i t i e s  o f  c . r l c i u m  
a r i d  p h o s p h a t e s .  T h e  s u b j e c t  s h o u l d  b e  e n c o u r a g e d  t o  s p e n d  s o m e  
t i m e  d a i l y  i n  t h e  s u n s h i n e .  T h e  e a r l i e s t  e v i d e n c e  o f  h e a l i n g  i n  
r i c k e t s  a n d  o s t e o m a l a c i a  i s  p r o v i O e d  b v  r a d i o l o g i c a l  e x a m i n a t i o n .  
O c c a s i o n a l l y ,  c a s e s  o f  r i c k e t s  t h a t  a r e  r e s i s t a n t  t o  t r e a t m e n t  w i t h  
v i t a m i n  D  a r e  e n c o u n t e r e d .  T h e  e x a c t  c a u s e  i s  n o t  k n o w n .  O n e  

o f  t h e  p o s s i b l e  c a u s e s  m a y  b e  l o s s  o f  p h o s p h a t e  d u e  t o  l a c k  o f  
r e a b s o r p t i o n  b y  r e n a l  t u b u l e s .  ( F r a n c o n i  s y n d r o m e ) .

Prevention
S i n c e  m i l k  i s  a  p o o r  s o u r c e  o f  v i t a m i n  D ,  i n f a n t s ,  y o u n g  

c h i l d r e n  a n d  e x p e c t a n t  a n d  n u r s i n g  m o t h e r s  s h o u l d  b e  g i v e n  a d d i ­
t i o n a l  s o u r c e  o f  v i t a m i n  D  s u c h  a s  s h a r k  l i v e r  o i l  o r  c o d  l i v e r  o i l .  
A l t e r n a t e l y ,  a  s i n g l e  m a s s i v e  o r a l  d o s e  o f  v i t a m i n  D  s h o u l d  b e  
a d m i n i s t e r e d  t o  a l l  i n f a n t s  a n d  c h i l d r e n  ( o n c e  a n n u a l l y )  i n  a  l i o s -  
p i t a l  i n  t h e  l o c a l i t y .  A  s u p p l e m e n t  o f  t l t a n i i n  D  i s  a l s o  e s s c i i t i a l



in tropical and sub-tropical countries, if the child is not exposed 
to sunshine by the mother during the first vear of life.

Toxic effects of excess vitam in D
\utainin D in excess produces toxic symptoms. The earliest 

sign is loss of appetite. Nausea and vomiting are frequently 
associated. Intense thirst and polyuria soon foilorv. The affect­
ed diild will be dui! and weak in appearance and wasting of 
muscles is obstawed. If tire over-dosa<ge is continued, calcificatioii 
of soft tissues such as arteries, kidneys and lungs may take place, 
leading to death. The diagnosis ox vitamin D toxicity has to 
be made early if the child is to be saved. '

V i t a m i n  E

History
Vitamin E is essential for normal reproduction in several 

species of animals and also in man. Evans and Bishop (1922) 
found that for normal reproduction in rats, a fat-soluble factor 
present in crude vegetable oils was essential. This was termed 
vitamin E. In 1936, Evans and co-workers isolated two different 
compounds (V- and /3-tocopherols) possessing vitamin E activity. 
They were given the name tocopherol (GK. tocos-child birth, 
phero-to bear, ol-an alcohol). Later, Fernholtz (1937) and Evans 
and co-workers (1939) elucidated the chemical structure of 
tocopherols. Tocopherols were synthesised independently by 
three groups of w'orkers. Three more tocopherols namely Delta, 
Eta and Zeta tocopherols have been isolated by later workers.

Chemistry and properties
The chemical structure of V-tocopherol is given in Fig. 9.6.
Thev are derivatives of 6-hydro.xy chroman with a phytyl 

side chain. V-tocopherol has 3 methyl groups in 5, 7, 8 positions 
while /3 -and y-tocopherols contain 2 methyl groups in 5-S and 
7-8 positions respectively. Delta tocopherol has one methyl 
group in the 8 nosition. Eta tocopherol, in 7 position and Zeta 
tocopherol in the 5 and 7 positions. Tocopherols are soluble in fat 
solvents and insoluble in water. They are slowly destroyed in 
an alkaline medium and the vitamin activity is destroyed by 
oxidation.
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Absorption and storage

Tocopherol, like other fat soluble \'itamins, is absorbed to a 
greater e.xtent from oil solutions. Bile is necessary for its absorp­
tion. The human serum contains about 0.9 to 1.2 mg per iOOml. 
Liver stores one-half to one-fourth as much tocopherol as the 
skeletal muscles, body fat and visceral organs.

Physiological and biochem ical functions

The various functions of tdtamin E are:
(/) Adtamin E prevents peroxidation of polyunsaturated fattv 

acids in tissues and membranes. In vitamin E deficiency, polv- 
unsaturated fattv acids undergo peroxidation and yellow and 
brotvn pigments are formed, (if) A’itaniin E also protects 
erythrocytes from haemolysis by oxidisi;ig agents; e.g. dialuric 
acid and hydroiien peroxide. (Hi) In vitamin E deficiency, there 
is d.eger.eration of cellular and sub-cellula:' membranes which are 
known to be rich in polyunsaturated fattv acids (Jv) Vitamin E 
oilers definite protection to liver injure due to carbontetra- 
cliioriih- iioisoiiing (t) Demyelination, gliosis and distortion of 
the axon p;itt.rn in t'le spinad cord, givimi rise to hypalgesia and 
prog'-essiw paresis, occur in vitamin E ileficient rats (w;’)IVitamin E 
aloUig w ith an activator present in microsomal siipemata'it is 
able to ]Weveiit the respiratory decline in isolatedt ruitochondri i 
aitd (rii) The ixsiuircments and functions of vitamin E are depen­
dent on th.e quantity of polyunsaturated fatty acids present in 
the tissues and selenium status of the animal. Vitamin E appears



to increase the activity of selenium compounds present in traces 
in animal tissues.

Effects o f deficiency in anim als

Vitamin E deficiency in animals causes several disorders such 
as reproductive failure, liver necrosis, muscular dystrophy etc. 
They are briefly discussed below.

Reproductive failure: In the female rat fed on vitamin E 
deficient diets, foetal death and resorption take place. The 
primary metabolic defect which causes death and subsequent 
resorption of the embryo is not known. There are degenerative 
changes in the uterus. However, the vascular system of the 
embryo also undergoes degeneration. In the male rat irreversible 
testicular degeneration occurs in vitamin E deficiency.

Liver necrosis: Necrosis of the liver produced in rats fed on 
yeast is prevented by vitamin E.

Erythrocyte haemolysis: In vitamin E deficient animals, the 
erythrocytes readily undergo haemolysis when treated with hydro­
gen peroxide. This is prevented by vitamin E.

Anaemia in the monkey: Monkeys fed on vitamin E deficient 
diets develop anaemia. This is due to lack of haematopoiesis in 
the bone marrow rather than from e.xcessive red cell destruction. 
Administration of vitamin E cures the anaemia.

Muscular dystrophy: Rabbits, guinea pigs, monkeys and 
chicks fed on vitamin. E deficient diets develop muscular dystrophy 
which is cured and prevented by vitamin E.

Yellow fat, ceroid and lipofuscins: Peroxidation of unsaturated 
fatt}' acids and formation of yellow to brown pigments occur in 
animals fed vitamin E deficient diets containing fats rich in poly­
unsaturated fatty acids. The colour is due to a fat soluble yellow 
pigment and a dark brown fat insoluble pigment. The latter 
pigment known as ceroid has been found to occur in the uterine 
muscle, skeletal muscle and sex glands in vitamin E deficient 
rats.



Methods of assay

The different methods of assay are briefly discussed bel'.T.v:
Cheinica] method: Ferric chloride dipyn'dyl method:
A'itamin E reduces ferric chlorid'j to ferrous chloride. The 

ferrous chloride formed reacts v.ith <- e-dip\Tid\l reagent to 
giw a red colour (Emmerie and Engel 1939).

Biological method {Emerson-Evans Resorption-gestation 
method): The bio-assay is based on the abiliiv of tocopiierols 
to prevent foetal death and resorption when administered to 
vitamin E deficient female rats during the first half of pregnancy. 
The international unit is the activity of one mg of Dl-x-toco- 
pheryl acetate.

Relative biological potency op tocopherols: The relatiw 
biological activity of different natural tocopln rols and synthetic 
Dl-tocopherol is given in Table 9.9.

Table 9.9 R e la t i v e  b io lo g ic a l  p o t e n c y  o f  to c o p h e ro ls

Substance
Relative bioloeical 
potency ( In te rna­

tional units^ 
per f r̂atTi)

Relative
potency^

Synthetic:

D L -^ - to c o p h e ro l 1100 n o

D L - ^ - to c o p h e r y l  acetate 1000 100

N a tu ra l:

-tocopherol 1350 135

D --^ - tocophery l  acetate 1240 124

D -^ - tocopheroI 400 40

D-- -tocopherol SO s

D -o-(de lta )- tocopherol 10 1

'■ One international unit  =  the  activity of 1 mg of synthetic  

tocopherol.
T h e  relative po tency  of synthetic  Dl-tocophcrol acetate as 100.



Dietary sources
The tocopherol contents of foods are given in Table 9.10.

Table- 9.10 V i t a m i n  E (T o c o p h e ro l)  c o n te n t s  o f  s o m e  c o m m o n  ’‘o o d s  
(V a lu es  p e r  lOOg)

Foodstuffs Vitamin E ( 
T o ta l

mg)
■Alpha

Cereals

Bariev 3,2
C orn meal,  yellow 1-7 0.8
O at meal 2.1 1.9

Rice, brown 2.4 1.2

Rice, polished 0.6 0.4

W hea t ,  white flour (80% extraction) 1-2

W heat,  whole wheat  flour 2.2

Oils and fa ts

Coconut oil 8.3 3.6

C orn  oil 91.U 10.0

Cottonseed oil 81.0 47.0
Linseed oil (crude) 113.0

M argarine 54.0 28.0

M u s ta rd  oil 32.0 8.6

Olive oil 30.0 ...
Palm oil 56.0 30.0

Peanut  oil 22.0 11.0

Pecan, refined 42.0 20.0

Poppyseed, crude 44.0

Rapeseed oil 56.0 15.1

Rice bran 91.0 58.0

Safflower, crude 80.0

Soy bean oil IIS.O 15.9

Sunflower seed, crude 70.0

W heat germ 255.0 142.8

L a rd 2.7



F o o d s t u f f s
Vitamin E (iv.e) 

Total Alpha

Vegetables and fruits

Cabbage 0.1 0.1
Carrots 0.5 0.5
Onions 0.3 0.2
Peas, i’reen 2.1 0.1
T om atoes 0.4 0.3
Apples 0.7 0.7
Banana 0.4 0.4
Grape  iru it 0.3 0.3
Oramjes 0.2 0.2

Xufs,  uiheeds and legumes :

Peanut 9.3 4.6
Navy bean 3.6 0.1

Kgg, meat and fish :

Bacon 0.5 0.4
Beef-steak 0.6 0.4
Beef-liver 1.4 1.4
L am b-chops 0.8 0.6
Pork, chops 0.7 0.6
Haddock (fish) 0.4 0.4
Chicken 0.3 0.2
Kgg. whole 2.0 1.2

Dairy products :

Butter 2.4
Cheese 1.0
Ice cream 0.3 . . .
Milk, whole fluid 0.1
IV'Iilk, evaporated 0.3 . . .

The cereal "crm oils i.e. wheat germ oil and com germ oil are 
the richest natural sources. Vegetable oils a)id fats are good 
sources. Cereals and animal foods are fair sources of tocopherol. 
Vegetables and Iruits are poor sources. Since V-tocopherol has 
the highest biological activity and gamma and delta tocopherols 
have Very little biological activity, the alpha-tocopherol content 
should be taken for calculating the human requirements.



Requirements

Requirements of tocopherol for human subjects of various age- 
groups are given in Table 16.2 in Chapter 16. Estimates of 
requirements for preventing deficiency states h.ave been made in a 
few cases. Studies with e.xperimental animals and children suffer­
ing from kwashiorkor showed that increased haemolysis of the 
R.B.C. and also megaloblastic anaemia occurred due to vitamin E 
deficiency. Studies on the vitamin E requirements of infants 
showed that the amount of tocopherol necessary to prevent the 
haemolysis of R.B.C. was within the range of 2 to 10 mg per infant 
per day. Human milk contains fair amounts (2 to 5 mg alpha- 
tocopherol per litre), and would meet the needs of infants.' Cow’s 
milk is a pixir source and hence will not meet the vitamin E require­
ments. It has been observed that in male subjects, vitamin E 
deficiency developed in diets containing 25 per cent calories from 
fat and providing 3 mg of vitamin E per day. As the intake of 
fat and polyunsaturated fatty acids(PUFA) increased, the require­
ments for vitamin E also increased. The adult needs about 10 mg 
vitamin E when the intake of PUFA is about 7 g and 30 mg 
\itamin E when the intake of PUFA is high (over 35 g). The 
requirements of vitamin E during pregnancy and lactation should 
be greater than those of normal subjects. Estimates of vitamin E 
content of diets of varying composition have yielded values ranging 
from 2 to 66 mg. Sjnee vitamin E deficiency has not so far 
been reported in the general population, it may be assumed that 
diets commonly consumed by normal healthy persons all over the 
world provide adequate amounts of vitamin E.

Therapeutic uses and toxicity

Mtamin E has been used in daily doses o*' 500-1000 mg for 
the treatment of diverse conditions such as habitual abortion, 
sterility, muscular dvstroph)'', diabetes, ische.eraic heart disease, 
skin disorders and anaemia in infjiits. In cases, where vitamin E 
was involved in any of the above conditioiis, beneficial effects have 
been reported. Administration of 3-4 g of tncopherols daily over 
long periods has not produced any toxic effects in human 
beings.



V itamin K

History
D i i n i  a n d  S c h o r J i e v d e r  ( 1 9 3 - r i  l o o n J  t h a t  c h i c k s  t a d  o a  p a n  t  . - d  

d i e t s  c o i i t - n n i n y  a i l  v i t a m i n s  k n o w n  a t  t i t a t  t u n c  d a t ' c l o o c d  h a .  a m a r -  
r a g i c  c o n d i t i o n  w h i c h  w a s  c u r e d  o v  l u c e r n e  ( a l t a l i j . !  w i I  d . - c a  n - d  
f i s h  m e a i .  ( j i ' h e  a c t i . ’ e  p r i n c i p i e  w . e s  t a t  s o l u b l e .  ^ i ) a m  i , I  ' 3 3 )  
n a m e d  i t  i ’ i t a . m i n  K  ( i v ( > , i g u ' . i t i o n s - \ i i . i m i n j .  D a m .  i k a r t e r  
c o - w o r k e r s  ( 1 9 3 9 )  i s o l a t e d  p u r e  v i t . ’ - a i i "  K , .  I n  t h e  s a m e  y  
D o i s ’ a  a n d  c o - \ t o r k e r s  i s o l a t e d  p u : n -  v i t a m i n
Chepiistry and properties

C T h e  s v u t h e s i s  o f  v i t a m i n  v . n s  a c c o m p l i s h e d  b y  t i i r e i  
g r o u p s  o f  w o r k e r s  i n  1 9 3 9 .  D o i s t '  a n d  c o - w o r k e r s  c l a c i d : t ; . - i  
t h e  s t r u c t u r e  o f  v i t a m i n  K„ i n  1 9 4 0 .  T h e  c h e m i c a l  s t r u c t u r e  o i  
v i t a m i n  K j  i s  g i v e n  i n  F i g .  9 . 7 .
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Fig. 9.7 \ntamin K

In 1939, Aiisbacher and Fernholt discovwed that 2-:nethvl 
1-4-naphthoquinonc had vitamin K activitv.l (Another compound 
called Phthiocol (2-inethvl-3-hvdroxv 1:4 napthoquinone) isola^l 
from tubercular bacilli was found to possess vitamin K activitv.; 
Vitamin (phyloquinonc) is 2-hietbvi-3-phvtvl 1:4 naphtTilw 
quinone while vitamin K„ (menaquino:te-b) is 2-:nethvl-3-difar- 
ncsyl-1 ;4 naphthoquinone.

Absorption and storage
\  itaniin K is absorbed along with fat in the diet. Bile is 

essenti:d tor its absorption. The absorbed vitmnin passes through 
the Ivmnliatic system to the general circulation. Liverstorcs appre­
ciable amounts. A!! tissues contain small amounts of \'itamin K. 
The feces contain large amounts of vitamin K produced b\- 
the bacterial flora, ^or e.Kample, E. coli contain large amounts ot 
vitamin K.



Physiological arad biochemical functions
/yit;imi;i K is essential for blood coagulation. Vitamin K 

administration leads to an increase' in the prothrombin levels.) In 
vitamin K deficiency, prothrombin lev'cls are reduced. The exact 
mechanism of action of vitamin K in increasing prothro/nbin levels 
in blood is not fully known. Several factors such as pro.ioiivertin 
and serum prothrombin conversion fact< ir (SPCA) have be,. postu­
lated in the formation of prothrombin. It has also been postulated 
that proconvertin deficiency occurs in patients suffering from 
I'itamin K deficiency resulting in a iow prothrombin level. Another 
view is tliatt vitamin K acth'ates an inactive prothrombin precursor 
in the liver or involved in the syntiiesis of prothrombin in the liver. '

Effects of deficiency
Vitamin K deficiency leads to a lowering of prothrombin level 

and increased clotting time of blood. This may lead to haemor­
rhagic conditions. Vitamin K deficiency can occur in the follow­
ing ways (/) Inadequate intake of vitamin K and («) Inadequate 
intestinal absorption.

Inadequate intake of vitamin K  (Haemorrhagic disease of the 
new born); Inadequate intake of vitamin K by the mother may 
cause the haemorrhagic disease of the new born. Several cases 
have been reported in the literature. All these infants have a low 
prothrombin level and they recover rapidly when vitamin K is 
administered by injection.

Inadequate intestinal absorption (Disease of liver and intestine): 
Inadequate intestinal absorption of vitamin K may result from 
(«) lack of bile in the intestine due to defective secretion of bile 
salts as in liver disorders {b) Pyloric or intestinal obstruction and 
(c) poor absorption due to diarrhoea or dysentery.

M ethods of A ssay

The different methods for the assay of vitamin K are briefly 
discussed below.

A. Physico-chemical methods
(i) Colorimetric methods
(«) h  reverre-Sullivan reaction: Vitamin K gives a deep cobalt



blue colour with sodium di-ethyl, di-thlo-carbomate in alkaline 
solution. The test is sensitive to 35 /.tg vitamin K ner ml.

{b) Cravens test: \htamin K is reacted with ethvlcvano- 
acetate and on the addition of strong ammonium h^'droxide a 
blue violet colour develops.

{ii) Fluorinietric methods: Qualitative and quantitatise t.st.s 
based on the formation ot fluorescent reaction products have been 
developed by some workers.

{Hi) Spectrophotometric method: This method is more accurate 
and sensitive than the colorimetric and flourimetric methods.

B. Biological methods
hlethods based on the coagulation of blood can be carried out 

prophyiactically or curatively. The latter is to be preferred witen 
a quantitati\'e assay is desired. The priitciple of the curative test 
is the determination of tire coaguiabiiitv of tiie blood of vitamin K 
deficient animals before and after iitgesrion. of a test dose of the 
sample to be tested and comparison of the results with those 
obtained with known amounts of pure vitatnin K. Chicks are 
better suited for animal assays than laboratory mammals l.recause it 
is easier to exclude coprophagy with chicks than for example 
with rats. Further, the requirements or chicks for vitamin K 
are about 5 times as much as tharse of rats i.e. U.5 and 0.1 ntv. 
vitamin per kg of diet respectively.

Biological activity standards: The relative biological acti-rite- 
of vitamins Kj and K, and 2-methyl 1:4 naphthoquinone is given 
below:

C om pound Relative Vitam in K
activity (%)

2-methyl 1 :4  naphthoquinone  (menadione) 200
Vitamin K j  (PhyHoquinone) 100
Vitamin K j  (m enaquinone-6) SO

It is eeodent that 2-methyl 1:4 naphthoquinone is about twice 
as potent (weight for weight) than vitamin K .̂ This mav be 
due to the smaller molecular weight of the former. No inter­
nationally accepted standard of vitamin K activity has been



adopted so far. Several workers have reported vitamin K potency 
of foodstuffs in their own units. Vitamin K equivalents of diffe­
rent units given in the literature are given below:

V ita m in  Kj eq u iv a len t o f b io lo g ica l u n its  o f v ita m in  K a ctiv ity

U n i t V itamin K ,  equivalent (/Jg)

Thayer-Doisy  unit 1.0
Ansbacher un it 2.0
T h ay e r  un it  (1938) 2.0
D am  units 0.1
D ann  unit  (I'US) 4.0
D an n  unit (1939) 1.6

D etection o f  vitam in K deficiency
In vitamin K deficiency, the prothrombin content of blood is 

markedly decreased and the blood clotting time is considerably 
prolonged. The principal defect in vitamin K deficiency is the 
occurrence of haemorrhage in addition to a prolonged bleeding 
time. Low protlirombin levels are observed in diseases of the 

I liver and intestines. The tests for the diagnosis of vitamin K 
I deficiency are based on the determination of coagulation time 

of blood or prothrombin time. They are briefly discussed 
below.

Coagulation time of blood: About 1 ml of fresh blood is 
drawn in a tube containing thromboplastin. The tube is 
shaken and the clotting time is observed. The determination 
is also carried out with the blood of a normal person. This 
test has been recommended for routine clinical use as it is easy 

1 to carry out and is very reliable.
f  Prothro?nbm time determination: The basic prothrombin 

time is the clotting time obtained when an excess of thrombo­
plastin and an optimal amount of calcium are added. The 
prothrombin time of normal adult human plasma is 12T0.5 
seconds. It is prolonged most commonly by a lack of prothrombin 
Factors V, VI, VII and X. The important causes of a prolonged 
prothrombin time, arc lack of vitamin K or the presence of 

(vitamin K antagonists and diseases of the liver.



Pietary sources

Vitamin occurs in plant foods vcliilo vitamin Iv-, occurs in 
microorganisms. The best sources of vitamin are the uteen 
leafv Vegetables e.g. alfalfa, spinach, cabbage, kale etc. Good 
sources are cauliflower, soybean, wheat bran, wheat germ etc. 
Jarrots and potatoes are fair sources. ?>iiik, meat and hsh 
ere poor sources. The vitamin K contents of foods are given 
in Table 9.11.

Table 9.11 I m p o r t a n t  s o u r c e s  o f  V i t a m i n  K (vg  lOOg)

Foodstuffs Vitamin K 
(/ig/lOOg) • Foodstuffs Vitan'iin K

(/V lOsg)

Rich sources: Fair sources

.Vlfalfa 425-S50 W heat (whole) 36
Cabbage 250 W heat  (germ) 37
Cauliflower 275 T om ato  (green) 49

Spinach 334 T o m ato  (ripe) 24

Liver 115-230 Potatoes 20

Good sources: Poor sources

Soybean 190 Corn 10
Peas 110 Carrots 10
W heat b ran 80 Mushrooms 7
Oats. 75 Strawberry 13

Cow’s milk 6
H um an  milk 2

Requirements

The exact requirements for vitamin K are not known. The 
average diet apparently contains adequate amounts of vitamin K 
as vitamin K deficiency has not been reported in healtl. > 
individuals except in new born infants fed on mothers’ mi . 
when the mothers’ diet has a low vitamin K content. M o th er 
milk contains on an average 15 /xg vitamin Kj/litre while c 
milk contains 60 p-g/litre. Vitamin K deficiency occurs n 
often in breast-fed infants.



Therapeutic and prophylactic uses

Vitamin can be administered orally or parenteral !y.
2-methyl 1:4 naphthoquinone given to premature infanta h is 
been reported to cause toxic effects characterised by hyperbiii- 
ridhnaemia and kernicterus. Vitamin does not have these 
toxic effects and is safe for use. For the treatment or prevention 
of haemorrhage in the new born, img vitamin must be 
administered intramuscularly and repeated if necessary after 
24 lira. For the treatment of adults suffering from biliary 
obstruction and fistula or malabsorption syndrome, vitamin 
or menadione can be administered in doses of 10-20 mg 
intramuscularlv.

Toxic effects
\htamin does not produce any toxic effects in doses 

(10-20mg) normally used for the treatment of subjects suffering 
from disorders of liver or intestines. Vitamin analogues i.e. 
menadione and water soluble forms of menadione, however, 
when administered to premature infants have been found to 
produce toxic effects. The toxicity of menadione has been 
attributed to increased breakdown of red blood cells and 
inhibition of glucuronide formation.

II. WATER SOLUBLE VITAMINS

A scorbic A cid (V itamin C)

History i
iUuch of the early pioneering work on the isolation of vitamin C 

was carried out by Zilva during 1917-27. He obtained highly 
• potent concentrates and noted that they had strong reducing 
.properties. Szent-Gyorgy (1928) isolated from cabbages, adrenal 

' lands and oranges, an acid with intense reducing properties. He 
, died it ‘hcxuronic acid’ hut he was not aware that it might be 
J dentical with vitamin C. In 1932, Waugh and King isolated 

<oimin C in a crystalline state from lemon juice. Soon after, 
■lent-Gyorgy confirmed that the hexuronic acid isolated by him 

' years ago was identical with vitamin C. Vitamin C was named 
■ corbie acid due to its antiscorbutic properties.



Chemistry and properties
The chemical structure of ascorbic acid was established bv 

Haworth and co-workers in 1933. Synthesis of vitamin C was 
reported independently in 1933 bv klaworth and co-workers in 
England and Reichstein and co-workers in Switzerland. The 
chemical structures of L-Ascorbic acid and dehvdro L-Ascorbic
acid are given in Fig. 9.8.
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It is of interest to note that D-ascorbic acid does not possess 
anv antiscorbutic actie ities while dehvdro L-ascorb-ic acid possesses 
almost the same vitamin activity as the L-ascorbic acid. Ascorbic 
acid has strong reducing properties. It is highly soluble in water 
(30g/10n ml), slightly soluble in alcohol and is insolulde in ether, 
petroleum ether and benzene. Ascorbic acid in solution rapidly 
undergoes o.\idation to dehydro-ascorbic acid. The oxidation 
is catalysed by copper and silver ions. The oxidation is faster 
at higher temperatures e.g., during cooking of foods.

Absorption and storage

Ascorbic acid is rapidly absorbed from the intestines. It 
passes through the portal vein to the general circulation and to all 
tissues. Ascorbic acid is not stored in the body to any appreciable 
extent. Each organ or tissue has an optimal saturation level of 
ascorbic acid. Excessive intakes of ascorbic acid do not increase 
the saturation level but are excreted in the urine.



Physiological and biochem ical functions

Ascorbic acid is essential for (/) formation of collagen and 
intercellular cement substance (») metabolism of tyrosine {Hi) 
absoFption of iron and incorporation of plasma iron in ferritin 
{iv) Hydroxylation of aromatic nuclei (v) Bone formation (r/) 
Adrenal cortex function and (vH) Electron transport.

Formation of collagen and intercellular cemen t substance: Studies 
carried out by a large number of workers have shown that ascorbic 
acid is essential for the hydroxylation of proline into hydroxy- 
proline and this takes place after a peptide containing proline is 
formed. Since collagen is formed even in ascorbic acid deficiency, 
there may be more than one mechanism for the formation of 
collagen. Ascorbic acid is also concerned in the formation of 
intercellular cement substances in the capillaries, teeth, bones etc. 
In ascorbic acid deficiency these are not formed fully.

Aletaholisin of tyrosine: When tyrosine is fed to scorbutic guinea 
pigs in quantities of 0.3 g, the animal excretes homogentisic acid, 
p-hydroxy phenylpyruvic acid and p-hydroxy phenyl lactic acid. 
When ascorbic acid is administered, the excretion of the above 
metabolites ceases. This indicates that ascorbic acid is involved 
in the metabolism of tyrosine.

Absorption of iron and incorporation of plasma, iron in ferritin: 
Ascorbic acid helps to reduce the ferric iron to ferrous state 
in the intestines and thus helps in the absorption of iron. Recent 
studies have also shown that for the Incorporation of plasma iron 
in the tissues as ferritin, ascorbic acid and .\TP are required.

Hydroxylation of aromatic nuclei: Ascorbic acid plays an 
important part in (/) the hydroxylation of deoxycorticosterone 
(;V) hvdroxvlation of tryptophan to 5-hydroxytryptophan and 
phenvlalanine to tyrosine etc. Staudinger (1961) suggested that 
the ascorbic acid dependent electron transfer in liver microsoraes 
is generallv coupled with hydroxylation.

Bone formation: The fundamental pathological changes in 
ascorbic acid deficiency are the defectir'e formation of bone matrix 
and ground substance. Calcification is not affected. Osteoblasts 
that were invading the area of provisional calcification, change 
histologically into fibroblasts. The matrix they produce is not 
a gel but a loose connective tissue. It dees not ossify as it is



abnormal matrix. These changes account for the X-rav pattern 
of b(>nes of scorbutic infants, 'fhe ‘white’ line observed in the 
scorbutic bone is the piled Uf zone of proe isional calcincation.

Adrimil cort̂ ’x: McCarrison (Idlb) made the iniportant 
observation that hypertrophy of adrenal cortex glands eccur.s in 
scorbutic guineapigs. There is evideiwe that ascorbic acid is 
involveti in the synthesis of cortical hormones.

Eleclron Iranspori: It is generally believed that ascorbic .:cid 
may be inv olved in the electron transport in some ol the reactions 
mentioned above.

Effects of deficiency in humans
Severe ascorbic acid deficiency results in the development 

of the disease, scurw.

Scurvy in adults
The disease is characterised by general weakness, spongy 

bleeding gums, loose teeth with resorbed dentine, swollen tender 
joints and haemorrhages in various tissues.

Gemval weakness: The first symptoms reported in experi­
mentally induced scurvy are weakness, easv fatigue and listlessness. 
These are followed quickly by shortness of breath, pain in bones, 
joints and muscles of the extremities.

Swollen and tender joints and haemorrhages in various tissues: 
Haemorrhages deep in muscle occur particularly in calf, thigh 
and forearm, causing pain in surrounding tissues. Haemor­
rhages may occur in joints, causing swelling and pain in joints.

Bleeding gums and loose teeth: As ascorbic acid deficiency 
advances, the gums become swollen, blue-red, spongy and very 
friable. They may become infected by bacteria. The teeth 
loosen in the alveolar bone.

Infantile scurvy
Infantile scurvy differs in some respects from adult scurvy. 

The prescorbutic infant becomes anorexic and listless for a few 
days before other signs develop. With the onset of the disease, 
the infant line with legs drawn up on the abdomen. It cries when 
touched, especilly when its legs or arms arc moved or lifted.



Extremely tender swellings may be felt at the ends of the long 
bones due to haemorrhages under the periosteum of the shaft. 
The sternum may sink slightly inward. Purpura occurs in the 
skin. If teeth are erupted, the gums are swollen with blue-red 
lesions. Dyspnea, cyanosis, convulsions and death follow if 
treatment with ascorbic acid is dela3n‘d.

Effects o f deficiency on wound healing
Ascorbic acid deiicienev dela\’s healing of wounds. This is due 

to the fact that in ascorbic acid deficienev collagen formation is 
affected. The rapid healing of a wound requires the formation 
of strong connective tissue in the scar.

M ethods of assay
Methods available for the assay of ascorbic acid may be broadly 

grouped under two heads {i) Physico-chemical and («) Biological.

Physico-chem ical methods

These methods are widely used for determination of ascorbic 
acid in foodstuffs and animal tissues.

(«) Dye method: The method was first suggested by Till- 
manns in 1932 and was made quantitative for the assay of 
ascorbic acid bv Harris and Ray (1933). The method is based on 
the reducing action of ascorbic acid on the dye 2:6-dichlorophenol 
indophenol in acid medium to a colourless compound. The 
titration is carried out after extracting the vitamin in metaphos­
phoric acid or oxalic acid solution in order to stabilise the vitamin 
and prevent destruction by copper ions and ascorbic acid oxidase 
and to precipitate proteins and to liberate protein bound ascorbic 
acid. A modification of this method is based on the addition of 
an excess of the dye and measurement of the unreacted dye. In 
the presence of interfering turbidity of pigments, the dye can be 
extracted with xylene and the colour of the .xylene extract read 
in a colorimeter.

{b) 2:4-di/iitrophenyl hydrazine method: Ascorbic itpid is 
oxidised to dehvdro ascorbic acid which is reacted with 2:4-dini- 
trophenyl hydrazine to yield a red colour. The colour is mea­
sured photometrically.



(c) Chromatographic method: In order to remove reductones 
and other interfering substances, a paper chromatographic method 
has been described by some workers. Colour is developed using 
2:4-dinitrophenyl hydrazine reagent.

(d) Spectrophotometric jnethod: The determination of the 
intensity of the characteristic absorption spectrum in water solu­
tion at 265 m/i before and after oxidation of the vitamin to dehx dro- 
ascorhic acid has been used for the assay of ascorinc acid.

(p) Folarographic method: Determination of the oxidation 
potential of ascorbic acid in acid solution ot fruits and vegetables 
using a polarograph has yielded satisfactory results.

Biological method
It is based on the cure of scurew in guinea pigs. Groups of 

scorbutic guinea pigs are given the unknown food and also 
known amounts of standard ascorbic acid. From the data 
obtained, the ascorbic acid content of the unknown can be 
calculated.

Dietary sources
The t’itamin C contents of common foodstuffs are given in

'1 able lA in appendix. 
Table 9.12.

A few important sources are given in

Table 9.12 A s c o rb ic  a c i d  c o n te n t s  o f  foods

Ascorbic acid Ascorbic acid
mg/lOOg m e /lOOg

Fruits; Green leafy vegetables :
Rich sources : Amaranth  leaves 173

Amla (Indian goosebe rrv) 700 Brussels sprouts 72
Guava 300 Cabbage 124

Coriander leaves 135

Good sources :
Drum stick  leaves 220
Ipomoea leaves 137

Lim e juice 63 Spinach 48
Orange 68 Radish leaves 65
Pineapple 63
!\Ian^m, ripe 24 Fair sources :
Papaya, ripe 46 Apple 2-8
Cashew fruit 60 Banana (Plantain rip- ) 2-6
Tomato , ripe 32 Jackfruit 10



Biosynthesis o f ascorbic acid in anim al tissues
Certain animal species e.g., albino rat does not require an 

extraneous source of ascorbic acid. They are able to synthesise 
the same in their tissues. The pathway of the synthesis of 
ascorbic acid in rat tissues is given below:

D -G lucuron ic  acid" 

D-Glucuronolactonp

COo
“ L -G u lo n ic  .Acid —> L-Xylulose

L -G ulono!ac tone—>«2-Kcto-L.- " 
Gulonolactone

"L-Ascorbic  acid

Requirements
Studies carried out by several groups of workers have shown 

that the minimal daily intake of ascorbic acid in an adult to prevent 
scurvy is about 10 mg. The recommended daily allowance for 
ascorbic acid for adults is 20 mg in the United Kingdom and 
30 mg in Canada and Australia, 60 mg in USA and 50 mg in India. 
The recommended allowTinces of the Nutrition Expert Group of 
the ICMR, India are given in Table 9.12.

Tnble 9.12 A scorb ic  a c id  r eq u irem en ts

Subject
I .C .M .R . (1968) 

Ascorbic acid 
mg/day

F .A .O . (1970) 
Ascorbic  acid 

m g/day

M en 50 30
W om en SO 30

,, Pregnancy 50 50
,, Lacta tion 

Infants 0- 6 m onths
80 50

7-12 m onths 
C hi ld ren  1 year ■) 

2 years I

30 20

3 years (
4- 6 j-
7- 9 „ 1

10-12 „ J
Adolescents 13-15 Hoys 

Girls

30-50 20

16-1S Boy> 
Girls 1 

1

50 30



Detection of sub-clinical deficiency

Aluthoda have been dewlopid bv several workers fur the 
dctectioii of sub-clinical deficienc'.' of ascorbic acid. These are 
briefly discussed belo'v :

Ascorbic acid content oj zcliitc blood cells: Several workers leave 
show n that the ascorbic acid content of white blood cells and plat e- 
lets is a good index of the tissue levels of ascorbic acid. The levels 
of ascorbic acid in normal persons range from 25-38 mg per : 
After feeding individuals on vitamin C deticieni diet for 121 da-rs, 
the value Ire comes zero. Determination of ascorbic acid content 
of w hite blood cells thus offers a higlils’ sensitive index of the 
ascorbic acid nutrition of the indi\ idiials.

Plasma or serum ascorbic acid levels: The serum or plasma 
ascorbicacid lewels were used for a long time as an index of ascorbic 
acid nutrition of humans. The normal serum '.'alues varv over a 
wide range Irom 0.5 to 2.2 mg per cent. In studies of population 
groups it has been found that when the dailv dietarv intake ranged 
from 75-100 mg ascorbic acid the plasma letvls were 1.0-1.4 mg/ 
100 ml and on dietary intakes of onlv 15-25 mg per dav, the plasma 
levels were 0.1-0.3 mg/100 ml. The hx'els of ascorbic acid in 
plasma fall to zero after the subject is fed on vitamin C deficient- 
diet for41 clays while signs of scurvy usually appear after depriva­
tion of \ itamin C for about 130 days.

Lrinary excretion: The urinarv excretion of ascorbic acid 
falls when the dietary intake is low. Since the tissues are not 
saturated, a greater part of the test dose of ascorbic acid given to 
subjects habitually receiving low levels of ascorbic acid from the 
diet will be retained by the tissues and onlv a small part will be 
excreted in urine. In contrast, persons, whose dailv intakes ol 
ascorbic acid are high, will excrete daily larger amounts of ascorlric 
acid in urine anti will also excrete a greater part of tlie test dose. 
Ralli and Sherry (1941) found that the test can be carrieel out in 
urine collected during a period of 3 hours after the administration 
of a test dose of 100 mg ascorbic acid. A normal saturated person 
c.xcretes 50 per cent of the test dose and a person on low' ascorbic 
acid diet about 15 per cent.

Intradennal dye test: The rate of decolouration of a small 
c^uantity of the dye 2:6-dichlorophenol indophenol injected intra-



dermally has been suggested by some workers as an index of the 
ascorbic acid nutrition status of the individual. In persons satu­
rated with ascorbic acid, tlie dye is decolourised in 5 minutes while 
in deficient persons, the time taken is 10 minutes or more.

Skin capillai'y fragility test: One of the earliest signs of ascor­
bic acid deficiency is the fragility of capillaries. Assessment of 
the capillary fragility by means of blood pressure instrument or 
applying negative pressure through a cup can be used as a measure 
of ascorbic acid deficiency. The number of petechiac (haemorr­
hagic spots) that have appeared in a small area are counted. It is 
low in normal persons (less than 10 petechiae) and high in 
deficient persons (10-20 petechiae).

Therapeutic uses
For the treatment of adu'ts suffering from scur\'y% ascorbic acid 

is administered in doses of 100 mg (3-5 times a day) for a period of 
10 days, followed by 100 mg twice daily for a week. In patients 
critically ill with scurvy, 1000 mg can be given daily by intravenous 
drip or in divided doses of 100 mg each intramuscularly. For 
infants and young children suffering from scurvy a daily dose of 
10-25 mg (3 times a day) is adequate. Scorbutic signs subside 
within 24 hours after treatment and rapid recovery occurs within 
a week of treatment.

Ascorbic acid is used widely without adequate scientific basis, 
in the treatment of a large number of diseases such as common 
cold etc.

Toxic effects
Intakes of ascorbic acid in daily doses of 100-200 mg over 

long periods have not produced any harmful effects in human 
beings.

T h i a m i n e  ( V i t a m i n  )

History
Takaki (1885) prevented the occurrence of beriberi in the 

Japanese navy by changing the diet. In i  897, Eijkmann produced 
polyneuritis in fowls by feeding them a diet consisting of washed 
polished rice and showed that the birds recovered when they were



administered extracts of rice oolishings. Jansen and Donath 
(1926) isolated vitamin Bj in crystalline form from rice polishings. 
In 1931, Windaus and co-\vorl<ers isolated vitamin in crystalline 
state from yeast and established its empcrial formula. Williams 
and co-vorkers (1934) and Peters and co-workers (1933, 1935) 
made improvements in the methods of isolation of vitamin Bj.

Chemistry and properties

Chemical structure: The chemical structure of thiamine was 
established by Williams and co-workers in 1936 and the synthesis 
accomplished independenth' bv four groups of workers (Williams 
anel Cline, 1936; Grewe, 1937, Andersai; and Westphal, 1937; 
Todd and Bergel, 1937). The chemical structure of thiamine is 
gi\ en in Fig. 9.9.

N =  C .N H 2H C 1 CH —  S

CH., —  c c-

N —  CH i\^
C -----CHj .C H j OH

Cl

CH,

pyrim idine ring th iazole  ring

Fig. 9.9 T h ia m in e  H y d ro ch lo r id e

Thiamine contains a pyrimidine ring and thiazole ring. Loh- 
marm and Schuster (1937) isolated thiamine pyrophosphate (co­
carboxylase) from yeast.
■ Properties: Thiamine is readily solublein water (100 gin 100 ml. 
water) and slightly soluble in alcohol. It is stable in acid medium. 
It is destroyed when a neutral solution of thiamine is autoclaved 
at 120°C for 30 minutes. It is destroyed even at room temperature 
in an alkaline medium. When thiamine is dissolved in sodium 
bisulphite solution at pH 4.8-5.0, the molecule undergoes clea­
vage quantitatively into the pyrimidine half and thiazole half. 
When thiamine is oxidised with potassium ferricyanide in alkaline 
solution it is converted into a compound called thiochrome which 
has a strong fluorescence in ultraviolet light.

- ■ ■ . ,>»Si j ' i  j



Plate I X : Left : A  c a s e  ol:' w e t  b e r i - b e r i  
Right : A  c a s e  o f  d r y  b e r i - b e r i



Methods of assay
The methods â ■ailable for the assay of thiamine in'foodstuffs 

may be grouped under three heads (1) Physico-chemical (2) Bio­
logical and (3) Microbiological.

1. Physico-chemical methods
(/) Thiochrome vietJiod: The method was first described by 

Jansen in 1936. Several modifications of the method ha\' ■ been 
published by different workers (Wang and Harris 1939; Swamina- 
than 1942; A.O.A.C. 1951; American Association of Vitamin 
Chemists, 1966). The method is highly sensitive and is \videly 
used for the assay of thiamine in foodstuffs and animal tissues. 
The method involves the following steps; extraction of the 
vitamin after preliminary hydrolysis with phosphatase to hydro­
lyse thiamine pyrophosphate to thiamine (in the case of animal 
tissues) and also with proteolytic enzymes to liberate thiamine 
bound to proteins; oxidation of the vitamin by potassium ferri- 
cyanide in alkaline medium to thiochrome; extraction with iso­
butanol and determination of the fluorescence in a fkiorimeter.

(«) Colorimetric method: (Prebluda and McCollum 1936). The 
method is based on the red colour formed by the reaction of thia­
mine with diazotized p-amino acetophenone and measuring the 
colour photometrically. The method is less sensitive and less 
specific than the thiochrome method.

2. Biological methods
(i) Rat grozvth method: Rats are fed on thiamine deficient 

diet till they develop signs of thiamine deficiency. They are then 
grouped. Some groups receive graded doses of unknown while 
others receive graded doses of pure thiamine. From the data 
obtained the thiamine potency of the food is calculated.

(if) Bradycardia znethod: The method was evolved by Birch 
and Harris (1934). It is based on a measure of the decline in the 
heart rate in thiamine deficient rats using an electrocordiograph 
and its cure by the administration of thiamine from the food to be 
tested and also with known amounts of standard thiamine.

{Hi) Cure of polyneuritis in birds or animals: The curative test 
can be carried out with pigeons or rats. Pigeons or rats fed on



thiamine deficient diet develop paralysis and convulsions. The 
minimum quantities of the food extract and pure thiamine 
required for the cure are determined.

3. Microbiological methods
The microbiological methods are based on the growth of 

lactobaciUus L-viridescens or veast—kloeckeru brevis.
(;) LactobaciUus L-viridcsccus assuv: The method is hiehlv 

sensiti\'e. Neither the thiai'.ole nor p\‘rimidiiie moietv nor their 
phosphorylated forms are active sinulv or in combination. 
Thiamine, thiamine monophosphate and thiamine pvrophosphate 
are equally actie'e. It can estimate t'erv small quantitie.' 
■—5 m,"g of thiamine.

(/V) Kloeckera brevis assay: The method is more sensitive 
than L-viridcscens assay method. Th. pvrimidiiie and thiazole 
moieties are not active singly or in combination. On molar basis, 
thiamine pyrophosph.ate is about 70 per cent as active as thiamine 
and hence must be hydrolysed to thiamine before assay. The 
method can estimate 0..̂  to .1.5 m,«CT of thiamine.

Assessment of the thiamine nutrition status
Sub-clinical thiamine deficiency in human subjects can be 

assessed bv one of the following methods;
Erythrocyte transketolase method: This method was deixlopeel 

by Brinn (1965). The enzyme, transketolase requires thiamine 
pyrophosphate for its activity. It is essential for the metabolism 
of pentose phosphate sugars. In the assay, haemolysetl erythro­
cytes are incubated with ribose-5-phosphate both with and without 
added thiamine pyrophosphate (TPP). In thiamine deficiency, the 
enzyme actiedty is reduced and a small part of the added pentose- 
phosphate disappears. When thiamine pyrophosphate is added, 
the transketolase activity is increased. The per cent increase in 
transketolase activity due to added thiamine pyrophosphate (TPP) 
is an index of the degree of thiamine deficiency as indicated below:

T h  i a m i n c  s t a tu s  

N o r m a l  s u b j e c t s  
M a r g i n a l l y  d e f i c i e n t  

M o d e r a t e  d e t i c i e n c v

I n c r e a s e  d u e  t o  a d d e d  T P P  ( % )  

0-15 
15-25 
>25



Normal individuals have an erythrocyte transketolase activity of 
850-1000 i-'.g hexose/ml hydrolysate/hr.

Urinary excretion test: Excretion of thiamine is related to the 
intake. Hence, determination of thiamine in urine in a fixed 
period of 6 hrs. or expressing it as thiamine excreted per gram 
of creatinine excreted has been found to be reliable index of the 
thiamine nutrition status of individuals (I.C.N.N.D. 1963).

Dietary sources

r'Whole cereals, pulses (legumes), oilseeds and nuts are good 
som'ces of thiamine. Rice polishings, wheat germ and dried ye ist 
are rich sources. Meat, fish, eggs, milk, vegetables and fruits 
are fair sourcfe."|The thiamine contents of different foods (Swami- 
nathan 1946)-are given in appendix (Table 1 A). A short summ iry 
of the data is giv'en in Table 9.13.

Table 9 .1 3  T h i a m i n e  c o n t e n t  o f  f o o d s

F o o d s t u f f
T h i a m i n e
(m g /l ( IO g )

F o o d s t u f f T h i a m i n v
(m g/lO O g)

Rich sources Fair sources

D r i e d  y e a s t
R i c e  p o l i s h i n g s  ( f r o m

3-r. Milled cereals

r a w  o a d d v ) 2-3 R a w  m i l l e d  r ic e ,
W h e a t  g e r m 1 .5 -2 .5 w h e a t  f l o u r  a n d  p e a r l e d

b a r l e y 0 .0 7 -0 .1 2
Good sources

V e g e t a b l e s 0 .0 4 -0 .1 5
W h o l e  c e r e a l s  ( w h o l e F r u i t s 0 .0 2 -0 .0 6

w h e a t ,  m i l l e t s ,  o a t s M i l k 0.05
e tc )

L e h iu m e s  ( c h i c k p e a ,
0 .4 - 0 .6 M e a t  a n d  f i sh 0 .1 1 -0 .1 8

p i g e o n  p e a  e t c )  
O i l s e e d s  a n d  n u t s

0 .4 5 -0 .6

( s o y b e a n ,  p e a n u t ,  
s e s a m e  s e e d s ,  
c a s h e w n u t ) 0 .6 5 -1 .1

L i v e r 0 .3 - 0 .4

It is evident that the most important sources of thiamine in 
the diet are whole cereals, legumes, nuts and oilseeds, egg, milk, 
meat and fish.



Req[uirements
* Thiamine is essenti;;! for carbohydrate metabolism. Since 

c.irbohydrates supply more than.70 percent of energv in the diets 
of low income groups, it is reasonable to relate the thiamine 
requirements to calorie inrake.X The FAO/WHO Expert Group 
.1.1 vitamin requirements (1967) reviewed the available evidence 
end concluded that 0.33 mg of thiami;ie per 100 KCa' represents 
the requirements a,id recommended IJ.4 mgd0()i) KC.il to t.ike 
wire of individual variations. The literature on tliianaine needs 
in maternal and child nutrition suesests an increased need for 
thiamine during pregnanev. The X.R.C., U.S.A. recommended 
an additional allowance of 0.2 mg'day during pregnancy. Since 
milk secreted by lactating women contains about 0.13 mg, an 
additional allowance of 0.5 mg dav has been recommended by 
N.R.C., U.S.A. The Xutrition Expert Group (IChlR) have 
made similar recommendations which are gi\'en in Table 9.14.

Table 9.14 T h ia m in e  req u irem en ts  (N u trition  Expert G roup, ICMR)

G r o u p P a r t i c u l a r s T h i a m i n e  ( .m g 'd a y )

M e n S e d e n t a r y  w o r k 1.2
M o d e r a t e  w o r k 1.4
H e a v y  w o r k 2.U

W o m e n S e d e n t a r y  w o r k 1.0
M o d e r a t e  w o r k 1.1
H e a v y  w o r k 1.5

P r e g n a n c y S e c o n d  h a l f  o f  p r e g n a n c y W 0.2

L a c t a t i o n -i- 0 .4

I n f a n t s  : 0 -6  m o n t h s 0.3
7 - 1 2  „ 0 .4

C h i l d r e n 1 y e a r  )
2 y e a r s  ^
3 y e a r s  '

0 .6

4 -6  y e a r s 0 .8
7 - 9  y e a r s 0 .9

1 0 - 1 2  y e a r s 1 .0

A d o l e s c e n t s  : 13-15 y e a r s  : B o y s 1.3
G i r l s 1.1

1 6 -1 8  y e a r s  : B o y s 1.5
G i r l s I . l



pellagra in human beings made the important discover}  ̂ that 
pellagra can be cured by the administration of dried yeast or 
liver to the subjects. Later, they showed in 1928 that boiled 
yeast extract can cure pellagra. The pellagra preventive factor 
was defined as a heat stable vitamin of the B-complex and was 
named vitamin B.,. Another important step which helped 
rapid progress in the identification of the pellagra preventive 
vitamin was the observation that the diet producing pellagra in 
human beings will produce a disease called ‘black tongue’ in 
dogs. Ruffin and Smith (1934) found that a crude extract of 
liver was effective in curing human pellagra.^ In 1937, Elvehjem 
and co-workers isolated nicotinic acid from liver and made 
the important discovery that it cured black tongue in dogs. 
Later in 1937, three groups of workers (Spies et al., Pouts et al, 
and Smith etn/.) almost simultaneously but independently report­
ed that nicotinic acid was effective in curing pellagra in human 
beings.

It may be of interest to mention that nicotinic acid was isolated 
from rice polishings and yeast by Funk in England and Suziki and 
co-workers in Japan as early as 1912 while attempting to isolate tljj 
anti-beri beri vitamin. The studies of Warburg and co-workj 
(1934-35) and of von Euler and co-workers (1935-36) showed^ 
nicotinamide was a component of coenzyme I and II involve 
alcoholic fermentation in yeast and hydrogen transporting e i^  
in the tissues. But none of these studies gave anv cluf tt>-< 
be one of the vitamins.

Chemistry and properties

The chemical structures of nic 
are given in Figs. 9.11 and 9.12.

H
C

HC
/ C.COOH

HC CH\  /



Nicotinic acid is sparingly soluble in water (1 g in60 ml water at 
25°C). It is freelv soluble in alkali hydroxides and carbonates 
forming salts. It is stable to heat and not destroyed by autoclav­
ing at 120 C for 20 minutes in acid or a.lkaline medium. Nicoti­
namide is highly soluble in water (OlO g in llHl ml water). When 
heated or autoclaved in a strong alkaline or acid solutions, it is 
com erled into nicotinic acid. It is stable to heat and not destroyed 
by autoclaving at 120°C for 20 minutes. Nicotinamide exists in 
human and animal tissues mostly as a constituent of coenzymes 
I and II. Coenzyme I (also known as DPN and irowcalled N.\D) 
is nicotinamide adenine dinucleotide while coenzyme II '.t'so 
know It as TPN and now called N'.VDP) is nicotinamide adenine 
dinucleotieie phosphate.

Absorption and storage: Nicotinic acid and nicotinamide 
are rapidly absorbed from the intestines through tlie portal t’ein 
into tile ge neral circulation. It is passed on to all tissues in the 
body where it is converted into NAD and NADP. Excess nico­
tinic acitl is not stored in the bodv but is excreted in urine mostly 

jin the form of N-methvl r. icotinamide, N-methyl-6-pvridone-3 
^rboxamide and also in the free form. Wlaen large quantities 
^k ico tin ic  acid is administered, it is also converted into trigonel- 
^^■N-methylnicotinic acid) and nicotinuric acid (a compound of 
^ ^ K n ic  acid and glycine).

ochemical functions

ire:
lal functioning of the 
u. In nicotinic acid 
nervous system deve- 
igra.
coenzymes NAD and 
■eactions. N.VD and 
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Effects o f deficiency (Pellagra)

Nicotinic acid deficiency causes the disease, pellagra in human 
beings. The disease is characterised by three D’S-dermatitis, 
diarrhoea and dementia (mental symptoms). In addition, glossitis 
and stomatitis are usually present.

Digestive system: Glossitis and diarrhoea are the two out­
standing symptoms. The glossitis and stomatitis var)  ̂ from a 
mild redness, soreness and smoothness of the tongue and mouth 
to an extreme inflammation with fiery red mucosa and tongue 
ulceration and secondary infection of the tongue and buccal 
mucosa. Nausea and vomiting are seen in most cases. The 
diarrhoea may range from a few to several loose stools a day with 
blood and mucus.

Skin: The dermatitis is the most characteristic of the disease. 
It is symmetrical in distribution. In early stages, a bright red 
erythema resembling sunburn occurs over the exposed parts of 
the bodv. The commonest sites arc the back of the fingers and 
hands, the forearms, dorsum of the feet and ankles and the neck. 
In the beginning, the skin is red and slightly swollen. The lesion 
may worsen by the formation of vesicles and bullae with cracking 
of the skin. Secondary infection is always present. With improve­
ment, the skin becomes dry, less red and the surface desquamates. 
The dermatitis is precipitated by exposure to sunlight. (Plate X)

Nervous system: Delirium is the commonest severe mental 
disturbance in acute pellagra. Dementia is more frequently seen 
in the chronic cases. Milder mental disturbances consisting of 
irritability, change in disposition, depression, inability to concen­
trate, poor memory are more common in the mild cases. The 
symptoms of poatero-lateral tract degeneration, ataxia, spasticity 
and the involvement of the bladder and rectal sphincters are seen 
in chronic caseŝ ^

Methods o f assay

The methods available for the assay of niacin may be classified 
as follows: (/) Chemical {ii) Microbiological and {Hi) Biological 
methods.



Chem ical methods

(a) Colorimetric method for niacin: A chemical method for 
the assay of niacin in foods, urine and tissues based on KoiuctA 
reaction was first reported by Swaminathan (1938). The same 
author (Swaminathan 1940, 1941) studied the effect of the folluv. - 
ing modifications on the accuracy of the method:—(;) the effect of 
acid or alkaline hydrolysis (//) the use of different aromatic amines 
for the deyelopment of colour and {Hi) the effect of pi I of the 
medium on the development and stability of colour. Tiie 
method consists of the following steps (1) Extraction of niacin 
and deriwitives with dilute acid at Sn C i'2) llvdrolvsis ofniaci’ia- 
mide to niacin (3) Removal of interfering substances anei colouring 
matter using lead acetate or zinc hydroxide and (4) Development of 
colour by reacting with cyanogen bromide and aniline at neutral 
pH in aqueous medium. Mirious modiffcations of the method 
have been reported by several workers (.Vmerican Association 
of Vitamin Chemists 1966).

{h) Determination of N'-methvI nicotinamide in urine: The 
importa.iit metabolite of niacin and niacinamide occurring in urine 
is X ’-methyl nicotinamide. A ffuorimetric method has been 
developed by Hochberg, Melrlck and Oser (194.f). The method 
int'oh es adsorption of the metabolite from aliquots of urine at 
pH 4.5 on a column of synthetic zeolite, elution of the metabolite 
with potassium chloride solution, alkalinization, extraction of the 
resulting compound with n-butanol and measurement of the 
fluorescence.

M icrobiological method
.k method based on the growth of LactohaciUus arabinosm 

(also known as L-pIantaru7n) was developed by Elvehjein and co­
workers (1943). The method is highly sensitive. The response 
of the organism to known amounts of standard niacin ranging from 
0.15 to 0.75 /ig. is found out. The growth of the organism is 
assessed by titrating the quantity of lactic acid produced with 
sodium hydro.xidc. A standard curve is drawn using the data 
obtained. The response of the bacteria to known amounts of the 
food extract containing niacin (within the range of 0.15 to 0.75 
/j.g) is also determined. By comparing the response with the test



food with the standard curve, the quantity of niacin present can 
be calculated.

Biological method
Animal assays for niacin present yield only roughly quantita­

tive results. Puppies and chicks have been used. The chick is 
more convenient as a larger number can be used. The growth 
response of niacin ddicient chicks to two levels of standard 
niacin and two or three levels of the unknown food is determined. 
By comparing the growth response to standard niacin with that 
obtained for unknown foods, the niacin content of the food can be 
calculated.

Detection of sub-clinical niacin deficiency
The important metabolites of niacin and niacinamide occur­

ring in urine are N methylnicotinamide and N-methyl-6 
pyridone-3 carbo.vamide. The method for the latter metabolite 
is considerably more cumbersome than that for N-methylnicoti- 
namidc. Hence, only the assay of N-methylnicotinamide in urine 
is recommended by ICNND (1963) for the detection of niacin 
deficiency. Values for N-methylnicotinamide excretion of 
U.5-1.59 mg/g creatinine in adults are considered low, indicative of 
dietary inadequacy of niacin. For pregnant women, N-methyl­
nicotinamide values in urine of 0.5-1.59 mg during the 1st 
trimester, 0.6-1.99 mg during the 2nd trimester and 0.8-2.49 mg 
during the 3rd trimester, are considered low, indicative of inade­
quate dietary niacin intake.

Dietary sources
Data regarding the niacin content of foods have been published 

by several workers (Teply el fl/., 1942; Swaminathan 1944). These 
have been summarised in food composition tables published in 
different countries. The niacin contents of some foods are given 
in Table lA in appendix and are summarised in Table 9.17. The 
richest natural sources of niacin are dried yeast, rice polishings, 
liver and peanut. Whole cereals, legumes, meat and fish are good 
sources. Milled cereals, milk, eggs and vegetables are fair 
sources. The important sources of niacin in the average diets 
are cereals, pulses, meat, fish, milk, eggs, nuts and oilseeds.



Table 9.17 I m p o r t a n t  s o u r c e s  o f  n i a c i n

Foodstuffs Niacin (mglOOg) Foodstuff.s Niacin y n g  I'JOg)

RicJi sources : Fair snurces :

Dried yeast 25-35 Milled cereals 0.5-1.;
Liver 16-2U Maize 0.6-1.2
Rice polishings Root> and tubers 0.5-1.-

(from raw rice) 16-lS O th e r  vegetables 0,2-11.6
Peanut  (groundnut) 14-15 Mii.k 0,2
Peanut hour 19-20 Egg (,i,2

Good sources :

Whole cereals 3-5

Leeunies 2-3

Meat 6-7

Fibh 3-4

Niacin equivalent o f tryptophan present in dietar)^ proteins
Tryptophan present in the dietary jiroteins is converted into 

niacin in the human and animal bodv. It has been estimated that 
60 mg of tryptophan yield 1 mg. niacin. So, in addition to the 
preformed niacin present in foodstuffs, the tn'ptophan present 
will also provide additional niacin (Table 9.18).

Tabl 9.18 N i a c i n  e q u iv a l e n t  o f  s o m e  foods

Food Niacin T ry p to p h an *  
mg/lOOOKCal

Niacin  equi\ a'c-nts 
(F ree  niacin -r niacin* from 
try p tophan)  ,ng lO jO KCal

Cow’s milk 1-2 673 12.4
H u m a n  milk 2.5 443 9.7
Beef 24.7 1280 46,0
Egg, whole 0.6 1150 19.8
W heat hour,  white 2.5 297 7.4
Corn grits 1.8 70 3.0
C orn 5.0 106 6.7

mg niacin derived from 60 mg tryptophan.



M aize and pellagra
Pellagra was endemic in countries where maize was the staple 

food of the low income groups. Studies of Goldberger and co­
workers showcc diat good quality protein like milk proteins can 
also cure pellagra. They were at first inclined to believe that the 
low tryptophan content of maize protein was the cause of pellagra 
and good quality proteins like milk proteins provided this amino 
acid. This theory gained support front Wilson (1927) who was 
working on pellagra in Egypt. Later, they found that yeast 
extract which is almost free from protein could cure pellagra. 
They postulated the presence of a pellagra preventive vitamin 
in veast. Recent studies have shown that the observations of 
Goldberger that pellagra was cured by good quality protein as 
well as by a vitamin are correct. Soon after the discovery that 
nicotinic acid was identical with the pellagra preventive vitamin 
and could cure pellagra, studies were carried out by various 
workers on the nicotinic acid content of maize and other cereals. 
Aykroyd and Swaminathan (1940) pointed out that poor maize 
diets which gave rise to pellagra contained more nicotinic acid 
than poor rice diet consumed in other regions where pellagra \va.> 
rare. They concluded that there must be some difference 
between rice and maize other than the nicotinic acid content. 
Recent studies have shown that tryptophan present in proteins 
is converted into niacin in the body of man and 
animals and 60 mg of tryptophan can give rise to 1 mg of 
niacin. On this basis, one litre of milk, w hich contains only 1 mg 
of preformed nicotinic acid, will provide an additional amount of 
8 mg of nicotinic acid formed in the body from 480 mg of trypto­
phan present in 35 g proteins contained in it. This will explain 
the curative action of milk in pellagra reported in 1926 by Gold­
berger and co-w’orkers.

High leucine content o f m aize and sorghum and its 
relation to pellagra

The extensive studies of Gopalan and co-workers (1960-69) in 
India have shown that the high leucine content of maize is one of 
the major factors contributing to the development of pellagra on 
maize diets. They have showm that leucine interferes in the con­
version of tryptophan to niacin and also in the conversion of



niacin to NAD and NADP in the tissues. They found that poor 
kaffir corn [Sorghum vulgare) diet which is rich in leucine like poor 
maize diet causes pellagra in human beings and black tongue in 
dogs. They also found that a synthetic diet containing c.isein 
with added leucine can produce black tongue in dogs. It mav be 
concluded that the nutritional defects in maize giving rise to pella­
gra are (/) low nicotinic acid content and (//) low tryptophan and high 
leucine contents of maize proteins. It is also possible that poor 
maize diets are deficient in riboflavin, folic acid and \-itamin , in 
addition to niacin which may be responsible for the anaemia, 
spinal cord changes and scrotal dermatitis observed in subjects 
suffering from pellagra.

Requirements
Since tryptophan present in dietary proteins is converted into 

niacin in the tissues, a consideration of niacin requirements should 
also include the niacin provided by the tn'ptophan in addition to 
free niacin present in the diet. Ilorwitt (1955) introduced the 
term ‘niacin equivalent’ of tryptophan. The F .\0 /W H 0 E.vpert 
Group on vitamin requirements (1967) adopted the value of 6‘ ) mg. 
of trvptophan as equivalent to 1 mg of niacin. The contents of 
niacin, tryptophan and niacin equivalents (niacin-~nie.cin from 
trvptophan) of some foods are given in Table 9.18.

Studies carriedout with human beings on corn eiiets have shown 
that 4.4 niacin equivalents per ItHJO KCal approximate to the 
minimal requirements for the prevention of clinical signs of niacin 
deficiency. The FAO/WHO Expert Group on vitamin require­
ments reconamended that a niacin equivalent of 6.6 mg per 1000 
KCal per day will be adequate for maintaining normal health. 
The Nutrition Expert Group of ICMR India also adopted the 
above recommendation. The niacin requirements of humans 
recommended by the above committee are given in Table 9.19.

Therapeutic uses
Nicotinic acid when taken orally in doses of 100 to 200 mg or 

intramuscularly in doses of 20 to 30 mg produces a transient vaso­
dilatation of the cutaneous vessels, particularly of the ears, face, 
neck, upper extremities and trunk in most human beings. The 
reaction is accompanied by itching, burning, and tingling of the



Table 9.19 D a ily  req u irem en ts o f n ia c in  (ICMR, 1968)

G roup Age and activity
F ree  niacin +  
niacin from 

tryp tophan  (mg)

M en Sedentarv  work 16
INIcderate work 19
Heavy work 26

W om en Sedentary work 13
Moderate  work 15
Heavy work 20

Pregnancy Second half of p regnancy +  2

Lacta t ion +  5

Infants : 0-6 months 5
7-12 months 7

Children 1 year )
2 years ^ 8
3 years '
4-6 years 10
7-9 years 12

10-12 years 14

Adolescents 13-15 years Bovs 17
Girls 14

16-18 years Boys 21
Girls 14

affected areas. These reactions last for a few seconds to a minute. In 
spite of the reaction, blood pressure, pulse rate and body tempera­
ture are normal. Nicotinamide does not cause the above reaction. 
Hence, it is safe to administer niacinamide for the treatment of 
pellagra. In severe cases of pellagra, nicotinamide can be admini­
stered intramuscularly in doses of 50 mg twice daily for 3 to 4 days 
followed by oral dose of 100 mg thrice daily for about 2 to 3 weeks 
till the disease is cured. A maintenance dose of 50 mg daily may 
be continued for a month. The diet should contain large amounts 
of milk, lii'er, peanut, eggs, meat and fish in addition to cereals.

Toxic effects '
As mentioned abo\'c, nicotipic acid should not be administered 

in large doses to patients as it causes a transient Hushing and burn­
ing sensation that may alarm the patient. It is safer to administer 

" 15



nicotinamide. Nicotinamide in oral doses of 100 mg, 4 times 
daily or bv intramuscular injection of 5't mg twice daily is sate for 
use in the treatment of pellagra.

Prevention o f pellagra
In regions, where pellagr.a is common, nicotinamide tablets 

(30 mg/tablet) should be distributed to the people. The staple 
food, usually corn or sorghum flour should be fortified v, ith nico­
tinic acid. The people should be encouraged to consume peanuts, 
meat and liver which are rich sources of niacinamide. Improved 
strains of maize and kaffir corn with higher quantities of trypto­
phan and niacin and lower amounts of leucine should be introduced 
in these areas.

V i t a m i n  ( P y r i d o x i n  a n d  R e l a t e d  C o m p o u n d s ) 

History
Pyridoxine is one of the vitamins of the complex which 

prevents and cures dermatitis in rats fed on a vitamin B̂  deficient 
diet. It was isolated in 1938 in a pure form by five different 
groups of workers (Lepkovsky, 1938; Kerseztesy and Stevens, 
1938; Gyorgy, 1938; Kuhn and Wendt, 1938; Itiba and Miti, 
1938). It was synthesised in 1939 independently by two groups 
of workers (Kuhn el al., 1939, Kerseztesy et ah, 1939) in Germany 
and U.S.A. respectively.

Chemistry and properties
The structures of pyridoxine and n\'o other related compounds 

—pyridoxal and pyridoxamine are gi\ en in Figs. 9.13, 9.14 and
9 .15 .

i'i 9 Oh CHO CH,N.K.

CĤ. N
X JCH3 N

-CHiOrt

Pyridoja! Pyridoxamine

Fig. 9.13 Fig. 9.14 Fig. 9.15



Pyridoxine contains a pyridine nucleus, two pri'^ary alcoholic 
groups and one phenolic hydroxyl group. PyTidoxal contains 
an aldehyde group in place of one primary alcoholic group and 
pyridoxamine contains a primary amine side chain in place of a 
primary alcoholic group.

Pyridoxine is readily soluble in water. When pyridoxine in 
neutral or alkaline solution is exposedto light, it is slowly destroyed. 
When a neutral or alkaline solution of pyridoxine is autoclaved 
at l20°Cd'of 30 itiinutes, partial destruction occurs. Since it 
contains a phenolic hydroxyl group, it reacts with phenol reagent 
or diazotized sulphanilic acid or 2:6 dichloroquinone chlorimide 
giving coloured compounds.

Absorption and storage
Pyridoxine is rapidly absorbed from the small intestines. 

Pyridoxine ingested over tire daily needs is not stored in the body 
but is excreted in urine or metabolised in the tissues.

Physiological functions
Pyridoxine, like other vitamins, functions as a co-enzyme. 

This co-enzyme is 5-phosphate of pyridoxal. Pyridoxine, pyrido- 
xal and pyridoxamine are converted into 5-phosphate of pyridoxal 
in the tissues. The most important physiological functions of 
pyridoxine are as follows:

(i) It is essential for growth of infants and several species
of animals

(ii) Vitamin B|, deficiency produces degeneration of the
ncr\-es, leading to the development of epilyptic form 
of fits and

(Hi) Vitamin B,. deficiency produces microcytic anaemia in 
animals.

Biochem ical functions

PyridoxiJ-phosphate acts ;is a coenzyme for a number of 
e tzvme svstems mentioned below:

Transaminase system: The transaminases represent a large 
number of enzymes. Two important systems are the following:



GlutaiiiLL acid—Oxaloacetate->^-KetogUitarate—Aspartate 
Alanine +-^--lNCtog]utanitc-^Glutamic acid--- Pvru\ic acid 

Aniirio acid decarboxxlase: These enzymes convert ar.dno 
acids to the corres” anding amines.

n  istidine — Histamine—C 0„
T y r o s i n e — >  l  y r a r n i n c -  C O . ,

Conversion of tryptophan to niacin: T h e  \ a r i o u s  s t a g e s  
i n v o l v e d  i n  t h e  c o n v e ' s i o n  o f  t r y p t o p h a n  t o  n i a c i n  are as f o l l o w s :

T r } ' p t o p h a n - ^ K v n u r e n i n e - 5 -  H v d r o x v  K t  n u r e n i n e
■ -t

Xiacin —5-Hvdroxy anthraivtlic acid
In pyridoxine deliciencv, hvdroxy kvnnrcnine is not converted 
into hydroxy-anthranalic acid and Itence niacin is not formed. 
On the otlier hand, hydroxy kynurenine is converted into xantliu- 
rcnic acid and excreted in urine.

Muscle phosphorylase: It co:atains pvridoxal phosphate.
Dehxdrases (Ilydrolysases): Dehydrases are important in the 

catabolism of threonine, serine and homos..rine.
Serine i-ITO—Pyruvic acid-X H 3 ; I i p

Racemascs: Racemases convert D-amino acid̂ ; to L-a’nino 
acids

Porph\rii! synthesis: Pyridoxal-phospliatc is required for the 
svnthesis ol’ 8-aminoievu!inic acid, an important intermediate 
in the synthesis of porplayrin and haem nuclei.

Neuroliorinoues: Pyrido.xal-phosphate is essential for the 
formation of several neurohormones viz., s . rctonin (from hydroxv- 
tryptoph'.nie), ^(-amino butyric acid, epinephrine and histamine.

Hypercholesterolemia: P<.elationship between deficiency 
and hypercholesterolemia and atherosclerosis in monkeys has 
received considerable attention although the e.xact role of pyrido­
xine in this condition is not clear.

Oxaluria: ^htamin deficiency pr(.>ducts oxaluria in ex­
perimental animals.

Immune bodies: Immune response is imp.iired in vitamin
deficienev.

1 )-methionme -> L-:n tthionm



Coenzyme A synthesis: Pyridoxine is involved in the synthe­
sis of coenzyme A from pantothenic acid. In pyridoxine defici­
ency, coenzyme A level in liver is reduced.

Effects o f deficiency
Pyridoxine deficiency has been produced in the rat, dog and 

monkey and also in man. A brief account of the symptoms is 
given below.

Rats: The rat loses body weight and develops symmetrical 
dermatitis in the peripheral areas of the body such as the tail, 
paws, nose, mouth and cars. 1 he kidneys are damaged. The 
adrenal glands arc enlarged. Anaemia is invariably present. 
The rat develops nervous disorders which lead to convulsive 
seizures. These seizures are characterised by hyper-excitability, 
circular running, and convulsions. All the above symptoms 
were cured by the administration of pyridoxine.

Dogs: Young puppies fctl on a pyridoxine deficient diet 
developed anaemia, loss of weight, anorexia. When deoxy- 
pyridoxine was fed, they developed epileptic form of convulsions.

Pigs: Pigs fed on a pyridoxine deficient diet failed to grow, 
developed anorexia, anaemia and epileptic form of fits.

Mojikeys: Monkeys fed on a pyridoxine deficient diet lost 
body weight and developed hyperchromic microcytic anaemia. 
They developed anorexia and thinning of the fur was observed. 
They did net develop fits. Sclerotic lesions developed in the 
arteries of the deficient animals.

Adult humans: Pyridoxine deficiency was produced in 8 human 
subjects by \ ’ilter and co-workers (1950, 1953) by the adminis­
tration of deoxypyridoxine for 18-55 days. Soborrhoca-like 
skin lesions developed about the eyes, nose and mouth within 
2-3 weeks in 7 out of 8 patients. One patient developed nausea, 
vomiting, weakness and dizziness. All the symptoms were 
cured when pyridoxine was administered for a week.

Infants: Several workers have reported that infants receiving 
proprietary canned (autoclaved) condensed milk food low in 
pyridoxine, developed nervous irritability and convulsive seizures. 
A greater part of the pyridoxine present in milk was destroyed 
during autoclaving. The infants were cured by the administration 
of pyridoxine.



Methods of assay
\'itamin Bj, occurs in. foods in dift'ercnt forms viz., pyridoxine, 

pyridoxal and pyridoxamine and their phosphorylated rorms. 
Methods available for the assay of vitamin may be grouped 
as follows: (f) Microbiological (;7) Chemical and (;'//) Biological. 
The different forms of vitamin B̂  have the same biological activity 
in the animal. Microbiological methods are used widely as 
they are very accurate and rapid.

M icrobiological methods
The relative activitv of \-arious forms of vitamin B, to different- b

microorganisms is given below:

Vitamin
forms

Streptococcus
fecalis

Lactobacil lus
casei

Saccharomyces
Carlsbergensis

Neurospo
Sitophila

Pyridoxine 1.0 1.0 1.0 1.0
Pyridoxamine 6500 8.2 1.1 1.1
Pyrido.xal 4500 1170 1.2 1.1

It is evident that Saccharomvees carhbergensis and Xeurospova 
sitophih  can be used for determining the total vitamin B̂  activity.

(fl) Assay of total vitamin using yeast {SaccJiaromyces carls- 
bergensis 4228). This method was evolved by Atkin et ah, (1943). 
The organism responds equally to the three forms of vitamin B̂ . 
Since they may occur in the phosphorylated condition, the material 
is treated with phosphatase to hydrolyse these esters. Because 
of the lability of vitamin B̂, to strong light, all the samples should 
be kept away from strong light. The growth response of the 
organism to varying levels of pyridoxine ranging from 0-50 m/.ig. 
and to known amounts of the extract of the food is determined. 
The vitamin Bj. potency of the material is calculated by comparison 
with the standard curve.

{h) Diffei'C7Jtml assay of pyridoxine, pyridoxal and pyridoxamine: 
Using three different organisms, it is possible to estimate the 
quantity of pyridoxine, pyridoxal and pyridoxamine present. 
The growth of lactobacillus casei is supported only by pvridoxal,



while pyridoxine and pyridoxamine have negligible activity for 
this organism. For streptococcus fecalis, pyridoxal and pyrido­
xamine are equally active while pyridoxine has negligible activity. 
With the use of the above two organisms, in conjunction with 
Saccharomyces carlsbergensis, it is possilile to estimate them indi­
vidually.

Chem ical methods
Although a number of chemical methods have been developed 

by different workers (Swaminathan, 1940; Scudi, Koones and 
Kcresztesy, 1940) they are not quite specific for the vitamin.

(rt) Diazotized sidphanilic acid test : A colorimetric method 
was described by Swaminathan (1940). It was applied to the 
determination of vitamin in some foodstuffs, animal tissues 
and urine. The method yielded reliable data. Since, three 
members of the vitamin group give different colours viz., 
pyridoxine (orange colour), pyridoxamine (orange to pink colour) 
and pyridoxal (yellow colour), the method could not find general 
application (Ormsby et al, 1947).

{h) Indophenol test: A blue colour develops when pyridoxine 
is reacted with 2:6 dichloroquinonechlorimidc. (Scudi et a!.., 
1940; Gird et al., 1942). This was the basis of a colorimetric 
method. Melnick and co-workers (1945) found that pyridoxa­
mine and pvridoxal gave only about 31 per cent and 15 per cent 
of the colour given by pyridoxine. Hence, this method could 
not be used widelv-

Biological methods
The three different forms of vitamin Bg have the same growth 

promoting activity in rats, chicks and rice moth larvae.
(a) Rat grozvth test: Assay procedures based on the growth 

of rats have been widely used (Edgar et al., 1938). Groups of 
voung rats are fed on a vitamin Bg deficient diet. Half the 
number are given known amounts of pure vitamin B̂  while the 
remaining are given known amounts of the test food. By compar­
ing the growth response obtained on the test food with that obtain­
ed on pure vitamin B̂  supplement (O-lOvig per rat) the vitamin 
Bg potency of the test food can be calculated.



(h) Chick growth test: Growth test using chicks have been 
used (Sarma et al., 1948). The test is carried out in the same 
v> ay as the rat test.

(r) Rice moth larvae grozeth test: This method \'. as developed 
by Sarma (1943). The rice moth iarvae is fed on eitamiii 
deficient diet. The growth rate of iT.e lar\'ae to known amounts 
ot eitarnin B̂  and tlie test food is determined. B\- comparison 
oi the growth response of the lan ae on the test food with that on 
\ itamin B̂  supplement, the \ itaniin B̂, potency of the test food 
can be calculated.

Dietary sources
Mtamin occurs in foods in the form of pyridoxine, pyri- 

doxal and pyridoxamine. \'itamin B,, contents of foods are 
given in Table 2A in appendix and are brictiy discussed below;

Rich sources: Dried veast, rice polishings, wheat germ and 
li \ er are rich sources.

Good sources: Whole cereals, legumes (inilses), oilseeds 
and nuts, egg, milk, meat and fish and green leafy vegetables are 
good sources.

Fair sources: Milled cereals and their products, roots, 
tulrers, other vegetables and fruits are fair sources.

It is evident from the data given in Table 9.20 that whole 
cereals, legumes, nuts and oilseeds, meat, fish, (;gg and milk are 
the important sources of vitamir. B̂, in the diet.

Requirements
Human adults fed on vitamin B̂. deficient diets (with added 

deoxypyridoxine) developed signs of deficicnev in one to three 
weeks. Repletion studies indicated that approximately 1.25 to 
2 mg/day would cure the deficiency (Baker et al., 1964). Alorc 
recent studies by the same group of workers, h.sv : i'ldicatedthat 
for a die! containing 100 g. of proteins, the requirement is 1.25 mg. 
Vitamin B̂  requirements are related to the proteiit intake and not 
to calorie intake. In other study, it has been reported that for a 
diet providing 168 g. proteins an intake of ,L93.mg vitamin B,. 
does not prevent the abnormal excretion of xanthurenic acid 
after a test dose of tryptophan, whereas 2.76 mg. vitamin B^/day



Table 9.20 V i t a m in  c o n te n t  o f  foods

FoodstulYs mg/lOOg Foodstuffs mg/lCOg

Rich sources: Good sources:
Dried yeast 
R i je  polishings 
W heat  bran 
W hea t  germ
L'Ver, (sheep, beef or pig)

0.7-4.0 
0.6-0,8 
1.1-1..1 
0.8-1,4 
0.5-0.7

Whole cereals 
Legumes
N uts  and Oilseeds 
Milk powder, whole 

,, skimmed 
Egg, whole 
M ea t
Afilk, fresh 
Leafy vegetables

0.3-0.5 
0.2-0..S 
0.3-0.6 
0.4-0.7 
0.5-U.8 
0.5-1.0 
0.2-0.3 
0.06-0.12 
0.2-0.3

Fair sources:
Milled cereals
Fru i ts
Vegetables

0 .04-0.10
0.02-0.06
0.02-0.07

prevents. The recommendations oi' the N.R.C., U.S.A. for the 
different age groups are given in Table 9.21.

Table 9.21 D a i ly  r e q u i r e m e n t s  o f  V i t a m in  (N.R.C.,  U .S .A . I96c>

G roup Particulars Vitamin Bj 
(mg/day)

M en Sedentary  work )
M oderate  work ^ 2.0

W om en
Heavy work ) 
Sedentary work »
M oderate  work C 2.0

Pregnancy
Heavy work  j 
Second half of pregnancy 2.5

Lactation 2.5
Infants 0-6  m on ths 0.2

7-12 „ 0.3

Children 1 year 0.4
2 years 0.5
3 years 0.6
4-6  years 0.7
7-9 years 0.9

10-12 years 1.2

Adolescents 13-15 years Bovs 2.0
Girls 2.0

16-18 years Bovs 2.0
Girls 2.0



Therapeutic uses and toxicity
Vitamin has been used in doses of 5jV200 m n. in adults by 

oral or intramuscular route for over two months without any ill- 
cffects (Jolliffc, 1941; Stone, 1944). Prolonged dailv administra­
tion of pyridoxine to rats (25 mg'kg), dogs (20 mg/kg) and monkevs 
(10 mg/kg) failed to cause anv toxic manifestations or pathological 
changes in tissues. Rats receiving 2.5 mg/kg were raised through 
three generations. The rates of growth of the rats were normal. 
It may be concluded that pyu'idoxine in daiiv doses of 50-200 mg. 
in adults and 2-5 mg in infants is safe for the treatment of vitamin 
B. deficienev states.

.Detection of subclinical deficiency
The following methods have been used by some workers

tor the detection of sub-clinical vitamin B. deficienev in human0 -
beings (1) Urinary excretion of pvridoxic acid (2) Tryptophan 
load test and (3) Transaminase acti\'itv in RBC.

(1) I rinary excretion oj pyridoxic acid: The mi.jor metabolite 
ot vitamin B̂. excreted in urine is pvridoxic acid. The excretion 
ot pyridoxic acid is related to the Intake of vitamin B̂ ,. Recent 
studies indicate that estimation of pvridoxic acid content in urine 
may sCrve as an index of the vitamin B̂  nutrition status of the 
individual (Reynolds et ai, 1958; Woodring et ai, 1964). The 
daily excretion of pyridoxic aoid in normal human subjects ranges 
front 0.5 to 1.3 mg. per 24 hours. Values below 0.5 mg. indicate 
deficient dietary intake." "

(2) Tryptophan load test: The discovery by Lepkovsky in 
1942 of the excretion of xanthurenic acid, a product of trvptophan 
metabolism, in the urine of vitamin B̂  deficient dogs and rats led 
to the development cf trvptophan load test for detection of vitamin 
Bj, deficiency. (Greenberg et al., 1949; \'ilter et al., 1953). .V 
test dose ot 10 g. DI>-tryptophan(or 5 g. L-tryptophan) is adminis­
tered orally in the case of adults. For infants and children, a. 
dose of 100 mg L-tryptophan per kg body wt. is given orally. The 
urine is collected for 24 hours. In normal individuals, the 
quantity of xanthurenic acid excreted is less than 50 mg. while 
in subjects deficient in vitamin B,,, the excretion may be between 
100-500 mg. depending on the degree of deficiency.



(3) Transaminase activity i7i RBC: Recently, it has been 
shown that sub-clinical deficiency of vitamin B,. in adults decreases 
the serum glutamic-oxaloacetic transaminase activity, (Babcock 
et al., 1960). But this test appears to be less sensitive than the 
tryptophan load test.

P a n t o t h e n i c  A c i d

History
Pantothenic acid is one of the vitamins of the vitamin B._, 

complex which can prevent or cure a specific type of dermatitis 
(chick pellagra) in chicks fed on vitamin B̂  deficient diet. It was 
isolated in a pure form as its calcium salt, by Williams and 
co-workers in 1938. Its synthesis was accomplished in 1940 
by several groups of workers.

Chemistry and properties
The chemical structure of pantothenic acid is given in Fig. 

9.16. Pantothenic acid is a pale viscous oil. It has not been ob­
tained so far in a crystalline form but its sodium, potassium or 
calcium salts crystalise readily. They are highly soluble in 
water. Pantothenic acid is stable to autoclaving at 120°C for 
30 minutes in neutral solution but is destroyed rapidly in acid or 
alkaline medium.

CH3

H O .C H j —  C —  CH(0H).C0.^ IH  CHj .CH j COOH

C H 3

Fig. 9.16 P a n to th en ic  a c id

Compounds containing pantothenic acid
Coenzyme A: Pantothenic acid exists in tissues in the form

of coenzyme A which contains in its molecule pantothenic acid, 
^-mercaptoethylamine, adenine, ribose and phosphoric acid.

Pantotheine and Pantothine: In 1949, it was reported that 
a compound containing pantothenic acid stimulated the growth



o! Lactohacillusbidgaricus to which tlic mmelAictobm iHushuIgariciis 
t: ctor (LiiF) was gi\-en. LBF was found to ha\ c tho sarno acti\ itv 
tor rats .ls an equivalent amount of pantothenic acid. LBF 
l::is been identified as tlic compound of pantothenic acid and /i- 
mercajitoLlhyianiiue. It exists in two forms i.e., S it form and 
T.S. form to whidi the names of pa.rTotlwine and p.mtoihira- ha\ e 
been given.

CH 3 -OH-C (CIL);-tT!OH-CO-XH-fH,-<eH,-CO-NH-C'I!;-CH, 
Bantotheiae

'ChL-OH-C (CH3 ),-CHOH-CO-XH-Ciq-CO-NH-CH,-(CH,), S 
Pantothine

Com pounds re la ted  to pan to then ic  acid
D-Paniothenamide: D-Pantothenaniide has rec. atlv been 

i'Troducetl in the Pharmaceutical industrv as a compound with 
;>;!l pantothenic acid activitv and having certaun advantages when 
ricorporated into dry vitamin preparations, irLcausc it is 
wwstalline, stable, free flowing and noii-hvgroscopic. It lias tlte 
f(i lowing structure:

CH,-0K-C-(CK3), CH.OII-CO-XIi-CI-p-CH^-COXI-p 
D-Pantothenamide

Paiitotlicuyl alcohol (Pantothenoi): This was prepared bv 
Pfaltz in 1943. It has the following chemical structure:

CFT-0H-C(CH3)3-CH0H-C0-XTI-CFI„-CIT-CH,-0FI 
Pantothenvl alcoh.ol

It has the same activity as pautotlie’uc acid for animals and 
m.m. It docs not, hotvever, promote grocv.'h of bacteria.

It was found to be .ts effective as puUotlienic acid in pre- 
t'enfiitg achromotrichia in bh’ck rats (Pfaitz, !943). Pantothenoi 
is co):verted into pant(/iiv.nic acid in warm hio.o ied animals 
(Bur.ev 1944). On proloiyged adrnini-tratii w of p,.ntothenol. 
iitcreased ;imoimts of pantothenic acidl and cNienzyme A were 
found in tissues and liwr (Vveiss et at., 195(1).

Absorption and storage: Pantothenic acid a'ld its salts are 
readily absorbed from the small intestines througli the portal vein



into the genera! circulation. When consumed in excess of the 
requirements, it is not stored in the body, but is excreted in urine 
or metabolised by the tissues. The pantothenic acid excretion by 
human beings foilowing a dose of pantotheiiol w'as greater than 
that found with the same amounts of pantothenic acid, the excre­
tion of pantothenic acid in urine being 49-74 per cent of a dose 
of pantothenoi and 23-58 per cent of an equivalent dose of pan­
tothenic acid (Rubin et al., 1950).

Physiological and biochemical functions: The different func­
tions of pantothenic acid are as follows: (/) It is essential for 
the growth of different animals and birds and also for infants 
and children («) chicks fed on a diet deficient in this vitamin 
suffer from a specific dermatitis, (fff) Pantothenic acid deficienev 
interferes with the hatching of eggs in the hen. (ie) Pantothenic 
acid exists in animal and liuman tissues in the form of Coenzyme 
A (CoA). This was discovered by Lipmann in 1947. Coenzyme 
A contains in its molecule pantothenic acid, /S-m^n'csp- 
toethvlamine, adenine, ribose and pliosphoric acid. CoA 
participates in a large number of enzyme reactions in t’m 
metabolism of carbohydrates, fatty acid synthesis and 
metabolism, propionate metabolism and tlie metabolism of 
branch chain fatty acids and in acetylation reactions, dvcetvl 
CoA (acetvl derivative of coenzyme X) is formed in the 
oxidation of pyruvic acid and fatty acids. It is involved in ma.iv 
acetylation and condensing and transfer reactions as indicated 
below':

(/) CholineAacetv! CoA—-------- >Acetylcholine-pCoA.

(/V) Succinyl Ct'A-j-acctoacetate- — Succinate-j-acetoacetyl 
CoA

{iii) Methyl malonyl CoA-rpynivate------- .-Propiona-1 C-nA-f-
Oxaloaceto.te

(A) Acetvl CoA-;-Oxak)acet::te- -Ci irate-’-Co.A

EfFects of deficiency

Tile effects of pantothenic acid deficiency in certain aninnals 
and in human beings are briefly discussed below:



Rats: Rats fed on pantothenic acid deficient diets develop 
necrotic lesions of the adrenal cortex and other related symptoms. 
Salt and water balance are affected. A decrease in coenzyme 
and succinicoxidasc activities of liver was observed. The deficient 
rats were not able to form antibodies in the normal manner.

Chicks: Pantothenic acid deficienev produced keratitis, der­
matitis, fatty liver and lesions of the spinal cord. The deficient 
birds could not reproduce. •

Dogs: Pantothenic acid deficiency in dogs produced the 
following symptoms: retardation of growth, decreased appetite, 
irritabilitv, sudden prostration or coma, rapid respiratory and 
heart rate, coneailsions and finaliv death. Pathological examina­
tion revealed fattv livers and haemorrhagic degeneration ot 
kidneys.

Pigs: Pantothenic acid deficienc}' in pigs resulted in loss 
( f weight, dry and rough hair coat an el skin and eventually alopecia, 
diarrhoea, emaciation, loss of appetit:, incoordinated movements 
(»i the bind legs and spastic gait (‘goose-stepping’): Plistological 
examination showed that degenerative changes in the peripheral 
nerves, posterior root gangiia and the posterior roots and posterior 
.funiculi of the spinal cord. Atro]ffiy ot the mucosa cells of small 
intestines and ulceration of the large intestines were observed.

Monkeys: McCall et al., (1946) reported that pantothenic 
acid deficiency in rhesus monkevs was characterised bv loss of 
bodv weight, greying and thinning of the fur, anaemia, diarrhoea 
and ataxia.

Human beings: Pantothenic acid deficiency has been produced 
experimentally in man bv feeding on a diet deficient inpantothenic 
acid and by the administration of the anti\4tamin—Oniega- 
mrthyl pantothenic acid (P)ean et a!., 195S, 196(1). The visible 
signs of deficiency included nausea, vomiting, tremor of the 
outstretched hand and irritabilitv. Tlie bioehemic.d abironnalities 
i leitidfc cosinopenic response to :'idrenocorticotropio honn ine and 
sensitivity to insulin.

Bunii’.'g Jeet svndroinc: A conJi;iun, leWt' ieir-.n-'v
1 Worki.’■■et' svmlro'ne was observed in piT,v)i\ers oi war einvi 

^Var II in Japan and Burma. This syndrome '.vuich teas also 
associated with netirologica.l and mental disturbances, did not



respond to treatment with thiamine, ribofla^'in and niacin. It 
responded readily to dried brewers’yeast which was a rich source 
of all B-vitamins (Cruickshank 1946). Gopalan (1946) found 
that ‘burning feet’ syndrome observed in Indian subjects respond­
ed to treatment with Ca-pantothenate (20-40 mg) administered 
intramuscularly. He found a mLxture of thiamine, riboflavin 
and niacin was not effective in curing the condition.

M ethods o f assay
Pantothenic acid occurs in foods and tissues as the free acid 

and also in the form of coenzyme A, pantotheine and pantothine. 
In addition to the above, pharmaceutical preparations may contain 
pantothenol and pantothenamide. The methods available for 
the assay of pentothenic acid are (1) microbiological (2) biological 
and (3) physico-chemical. They are briefly discussed below. 
The methods suitable for the routine assay of foods, tissues, 
blood and excreta are microbiological methods, while chemical 
methods can be used for pharmaceutical preparations containing 
pure pantothenic acid, pantothenol or pantothenamide. The 
methods of choice arc given below:

Alaterials

1. Animal and plant foods, blood 

tissues and excreta

2. Pharmaceutical products

M ethods

Microbiological

1. SaccJiaromyces carlsbergensis
2. Lactobacillus plantarum
3. Lactobacillus helviticus

1. Chemical m ethods

2. Microbiological m ethods

Microbiological raethods: For the assay of pantothenic acid 
in foods and animal tissues and biood, coenzyme A, pantotheine 
and pantothine should be hydrolysed to tree pantothenic acid bv 
combined treatment with aikaline phosphatase and liver enzymes. 
The free prmtothenic acid is determined using So.ccharomyccs 
carlsbergensis ATCC 9080. In the presence of asparagine, this 
organism responds only to pantothenic acid and not to pan­
totheine.



For the assay of pantotheine, L-helviticus is used as the activity 
of pantotheine is about 100 times that of pantothenic acid, if the 
organism is maintained in a medium containing pantotheine.

Physico-chemical vietlwds: Th,:se methods are very mucli less 
sensitive than the microbiological methods and hence era be 
used only for the assav of pantotlicnic acid, pantotii.-nal or 
pantothenamide in pharmaceuticed preparations (Gvorgv and 
Pearson, 1967).

Biological methods: The biological methods are time-con­
suming and very much less accurate than microbiological methods. 
Hence, they are not used widely for the assay of pantothenic acid 
in foodstuffs. The available methods are based on the growth 
rates of pantothenic acid deficient rats or chicks receiving known 
amounts of pure pantothenic acid or the test food.

Dietary sources
Pantothenic acid contents of common foods are given in Table 

2A in appendix;. A summary of the values is given in Table 
9.22. " '

Table 9.22 Pantothenic acid content of foods

Foodstuffs Pantothenic acid 
(mg/lOOg) Foodstufi’s Pantothenic : 

(m2,. L''L')

Rich soiirces sources

D ried  yeast 10-11 Whole cereals 0.5-1.5
L iver  (ov, sheep and Legumes 0.6-2.2

goat) 7-S N uts  and Oilseed s 0.6-2.1
R ice  polishings 3-4 F j  2 1..S-1.6
W h ea t  germ 2-3 Vleac 0.3-0.4

Milk 0.3-0.4
Fish 0.5-0.6

Fair sources

Milled Cereals 0.5-0.7
Vegetables 0.2-1.0
Fruits 0.1-0.3



Royal jelly is the richest natural source containing 30 mg/100 g. 
Rich natural food sources are dried yeast, liver, rice polishings, 
and wheat germ. Whole cereals, peanut, legumes, milk, meat, 
eggs and leafy vegetables are good sources. Milled cereals, 
other vegetables and fruits are fair sources.

Requirements
Data regarding the pantothenic acid requirements of human 

beings are not available. The following tentative figures are 
based on the recommendations of the N.R.C., U.S.A.

Pantothenic acid

Adults
mg/day/caput

10
Children 5-8
Adolescents 8-10
Infants 1.5-2.5
Pregnant and lactating women 10-15

Therapeutic uses and toxicity
Pantothenic acid administered in large doses has not produced 

any ill effects in experimental animals. Rats grew normally when 
given 200 mg. of calcium pantothenate daily for 190 days. Dogs 
given 50 mg. pantothenic acid per kg. body weight daily for six 
months grew normally. Monkeys given 1 g. pantothenic acid 
for six months showed no ill effects. Intravenous injection of 10 
to 50 mg. per kg. of pantothenic acid in cats did not cause any ill 
effects. Spies et al., (1940) reported that intravenous injection 
of a solution containing 100 mg. of Ca or Na pantothenate pro­
duced no change in the blood pressure, pulse rate, body tempera­
ture or respiration of normal human subjects.

FOLIC ACID
History

Folic acid was known under different names from 1933 by its 
curative effects in different deficiency states in man, monkey, 
chick, rat, guinea pig and also by its growth promoting effect 
on microorganisms. Wills (1934) showed rhat tropical macrocytic 
anaemia in human beings was cured by a vitamin present in 
autolysed yeast extract. Day et ah, (1935) described leucopenia,

16



diarrhoea and oral lesions in monke\'s as a result ot feeding on a 
vitamin B„ deficient diet which were cured b}; a factor present in 
liver. They called this factor Vitamin M. A new chick gro’iVth 
factor (Factor U) was reported by Stokstad (1938) while Hogan et 
al., (1939) reported the presence of a factor in liver which cured 
anaemia in chicks. They called it vitamin B̂ .. Snell and Peterson 
(1940) found that two unidentified growth factors present in 
liver are required by L-casei. One of these was adsorbed on norite 
while the other was not adsorbed. They were accordingly 
designated norite eluate factor and norite filtrate factor respec­
tively. Mitchell, Snell and Williams (1941) reported the presence 
of a factor in spinach leaves essential for the growth of L-casti. 
They called this factor-/o/m acid (/o//'Kw;-leaf). Day e1 al., (1943) 
showed that L-casei factor from liver v̂as identical with vitajiiin, 
‘M’ and cured vitamin M deficiency in monkeys. Mitchell, Snell 
and Willia.ms (1944) purified folic acid to a high state of purity. 
Stockstad et a!., (1946) prepared L-casei factor from liver in a 
crystalline form. Pfiffner et al., (1947) isolated vitajuin B,. from 
liver in a crystalline state. In 1948, Sauberlich and Baumann 
established the presence of a growth factor for Leucoudstoc 
citroTonim in liver and yeast extract.

Keresztesy and Silverman (1950) holited cite or onim factor from 
liver. The early nomenclature for folic acid is given in Table 9.23.

Table 9.23 E a r ly  n o m e n c l a t u r e  o f  F o l i c  a c id

N am e Propert ies  and source Authors

1. ‘Wills facto r’ Present  in au to lv 'ed  yeast and 
cures tropical macrocytic 
anaemia L. Wills (1933)

2. Vitamin M Present in liver and cures 
nutrit ional  cytopenia and 
diarrhoea in monkeys. Day  et al (1935)

S. Factor U Chick growth factor present 
in liver Stockstad (1938)

4 . Vitamin Be Presen t  in liver and cures 
anaemia in chicks H ogan  et al (1939)

5. Norite  eluate 
factor (L-casei)

Presen t  in liver and essential 
for growth of L-casei Snell and Peterson (1940)

6. Folic acid Presen t  in spinach and 
essential for growth  of 
L-casci Mitchell,  Snell and 

Williams (1941)



Chemistry and properties
The chemical structure of folic acid (Fig. 9.17) was established 

and its synthesis was accomplished by Angicr et ul (1946). The 
structure of citrovoriim factor (5-formyl-tetrahydrpfolic acid) 
was established by May et al (1951).

/  V /  \
N C C

I II Ic c c
\  / \  /

C —  CH

1Ch

p t « n n  fc t i d u * p-ommo- 
Cxnzoic odd 

rcsrdut

• NM — CH  —  C H 3 .C H 5 .C O O H

Qlutomic ocid residue

Fig 9.17 P tero y lg lu ta m ic  a c id  (F o lic  a c id )

Folic acid (Pteroylglutamic acid) is an yellow crystalline 
substance. The molecule consists of a pteridine group linked 
through p-aminobcnzoic acid and L-glutamic acid. The pteridine 
group linked with p-aminobenzoic acid is called ptcroic acid. 
Citiovorum factor is 5-formyl tctrahydrofolic acid. Folic acid 
is slightly soluble in water (1 mg./lOO ml at 0"C and 50 mg/100 ml 
at 100°C). The disodium salt is soluble to the extent of 1.5 g. 
per 100 ml. at 20°C. Folic acid is stable to heat at neutral pH. 
It can be sterilised by heating at 120°C for 30 minutes without 
loss of activity at neutral pFI. But at pH 1.0 a solution of folic 
acid loses about 70-100 per cent of the activity when autoclaved 
at 120’C for 30 minutes. When aqueous solution of folic acid 
is exposed to light, it is rapidly destroyed. Riboflavin accelerates 
the photo-oxidation of folic acid. Citrovorum factor (5-formyl- 
tetrahydrofolic acid) is also unstable in dilute acid solutions.

Absorption and storage
Folic acid is readily absorbed from the small intestines through 

the portal vein and passed on to tissues through the general 
circulation. Folic acid taken in excess of requirements is not 
stored in the tissues. Liver is the richest source containing about 
250 /^g/100 g. This value is not increased beyond normal limits 
when the intake of folic acid is high.

OH

coô



Physiological and biochem ical functions:
The dilTerent functions are as follows:

(1) It is essential for the maturation of red blood cells. In 
folic acid deficiency, megaloblastic anaemia develops.

(2) Tctrahydrofolic acid (FAH^) accepts formyl and hydroxy 
methyl groups from various sources and acts as an intermediate 
carrier in the transfer of these groups (single carbon compounds) 
in biological reactions.

(3) A number of these compounds are known to occur in 
biological systems. These include 10-formyl FAII^, 5:10 
methenyl FAH^, 5,10-methylene FAII^, 5-methyl FAIl^, 
5-formyl FAH^ [Citrovorum factor, Leucovorin) and 5-formimino 
FAH^. The functions of these are as follows:

(a) The 2 and 8 carbon atoms of the purine ring are transferred 
into the ring by 10-formyl FAH^ and 5, 10 methenyl FAII^ 
respectively. The 2nd carbon atom of the imidazole ring and the 
2nd carbon atom of the pteridine ring arc derived from 10-formvl 
FAI-I,. '

(A) The CFI  ̂group of 5, 10-methylene-FAHj is utilised in the 
formation of serine from glycine and in the formation of the 
methyl group of thymine when thymidylic acid is formed from 
uracil deoxyribotide.

(c) 5-methyl-FAH^ is formed by hydrogenation of 5, 10- 
methylenc FAH^ and transfers its methyl group to homocvstinc 
to produce methionine.

{d) 5-formyl FAH^ {Citrovomm factor, Leucovorin) is used in 
experimental cancer chemotherapy as an antidote to counteract 
the toxic effects of inadvertent overdosage with folic acid anta­
gonists.

(e) 5-formimino-FAH^ is formed during the degradation 
of histidine and is deaminated to 5, 10-methenyl-FAH^ by the 
enzyme cyclodeaminase.

Effects of deficiency
Various animal species differ markedly in their response to folic 

acid deficient diets. The chick, the monkey and the guinea pig 
develop deficiencies on a purified diet low in this vitamin. The



rat, on the other hand, is able to meet its folic acid requirements 
by intestinal synthesis. Consequently for the production of folic 
acid deficiency in the rat, bacteriostatic agents like sulphonamides 
have to be incorporated in the diet to control the growth of intes­
tinal microorganisms.

Rats: Rats fed on a folic acid deficient diet containing ,‘̂ ul- 
phaguanadine or sulphasuccidine showed retarded growth rate 
and haematological changes including leucopenia, agranulocytosis, 
h3'pocellularity of the bone marrow and less frequently anaemia. 
All these symptonis were cured by liver extract or folic acid.

Chicks: A dietary deficiency of folic acid is produced in 
chicks by feeding on a deficient diet. Reduction in growth rate, 
macrocytic anaemia, decreased feather growth and depigmentation 
of feather were the deficiency symptoms observed. Addition 
of liver extract or folic acid prevented and cured the anaemia 
and promoted good growth.

Monkeys: The rhesus monkeys fed on a folic acid deficient 
diet developed anaemia, leucopenia, oral lesions, diarrhoea and 
ulceration of the colon and increased susceptibility to infections 
of the intestinal tract. All these symptoms were cured and pre­
vented by liver extract or folic acid.

Folic acid deficiency in man: The most important deficiency 
syndrome in man due to folic acid deficiency is the development 
of megaloblastic anaemia. The incidence of this condition in 
different age groups and their treatment are briefly discussed 
below. The probable causes leading to the development of 
megaloblastic anaemia are listed in Table 9.24.

Nutritional megaloblastic anaemia in adults: The classical 
studies of Wills (1931) in India showed that the megaloblastic 
anaemia prevalent in pregnant women of the low income groups 
subsisting on poor vegetarian diets, could be cured by autolysed 
yeast extract. The haemoglobin content of the blood may range 
from 6-9 per cent and RBC count from 2-3 million per mm® 
in typical cases. Studies carried out by various workers in 
India have shown that in a majority of cases, the anaemia could 
be cured by the administration of 5 mg. of folic acid daily or 5 mg. 
folic acid and 5 grains ferrous sulphate daily. In a small number 
of cases, administration of both folic acid 5 mg. orally and vitamin 

(500 micrograms) by intramuscular injection were essential



Table 9.24 P r o b a b le  c a u s e s  l e a d i n g  to t h e  d e v e l o p m e n t  o f  m a c r o c y t i c
a n a e m i a

Megaloblastic ariaemia in adults .Megaloblastic anaemia in children

1. Deficient intake: Nutri tional 1. Deficient intake:
megaloblast ic  anaemia

(«) Nutritional megaloblastic
2. Defective absorption: anaemia syndrome of infancy

(a) Idiopathic tropical malabsorp- (b) Nutritional megaloblastic
tion, Tropical  sprue anaemia ot Kwashiorkor

(r) Nutri t iona l  megaloblast ic
(6) Secondary malabsorption anaemia.

states
2, Deficient absorption: Idiopathic

3. Excessive demands tropical malabsorption syndroiTiC, 
Tropical  sprue

{a) Pregnancy
3. Excessive demands:

(b) Neoplastic  condition, haemo-
lytic anaemia, infections (i2 ) Injection

(c) D ru g  therapy (h) D r u ” therapy

for the cure. It is evident that the primary deficiency in nutritional 
macrocytic anaemia is folic acid, even thouglt iron deficiency 
or vitamin B,, deficiency may also be associated with the condition.

Megaloblastic anaemia of sprue and other malabsorption syndro­
mes: Alegaloblastic anaemia is commonly seen in subjects 
suffering from malabsorption syndromes. In this condition, 
folic acid and vitamin present in the diet are poorlv absorbed. 
Tropical sprue (malabsorption syndrome) occurs widely among 
the low income groups in South India. A majority of these 
patients suffer from megaloblastic anaemia due to deficiency of 
folic acid and some cases due to deficiencies offolic acid and vitamin 
Bjj. The haemoglobin content ranges from 5-8g/100 ml and RBC 
count between 2.5 to 3 million per mm .̂ The treatment consists 
in the administration of 5-10 mg. folic acid and 5 grains ferrous 
sulphate daily by the oral route and 500 micrograms of vitamin Bĵ  
intramuscularly once a week.

Megaloblastic anaemia in infants and children: Megaloblastic 
anaemia has been reported to occur widely among malnourished 
children in the developing countries. It has been reported 
occasionally in U.S.A. in children fed on proprietary infant



foods (Zuelzer and Ogben 1946) and also in Italy among infants 
fed exclusively on goat’s milk.(Wintrobe, 1956). Thehaemoglobin 
content is usually low 5-8g/100 ml. blood and RBC count 2.5-3 
million per mm®. The treatment consists in the oral administra­
tion offolic acid (1-2 mg daily), iron salts (6 mg iron/kgbody weight) 
and vitamin (100 micrograms once a week) intramuscularly.

Methods of assay
Methods available for the assay of folic acid in biological 

materials and pharmaceutical preparations may be grouped as 
follows: (1) Physico-chemical (2) Microbiological and (3) Bio­
logical.

Physico-chemical methods: These methods arc not sensitive 
enougli for application to biological materials. They can be 
used for the assay of folic acid in pharmaceutical preparations. 
The minimum quantity of folic acid which can be estimated by 
these methods is about 20-30 /rg. The important methods in 
this category are (f) U.S. Pharmacopca colorimetric method (ii) 
Fluorimetric method of King ct nl (1949) and (///)Paper and thin 
layer chromatographic methods.

Microbiological methods: The biologically active compounds 
derived from folic acid and present in biological materials are, 
folic acid, formyl-tetra-hydrofolic acid (FAHJ 10-formyl FAH^ 
5, 10-methenyl FAH,, 5, 10-methylene FAIIj, 5-methyl FAH^ 
5-formyl FAII^. All these compounds promote the growth of 
L-casei but not S-faecalis. Pteroic acid found in biological mate­
rials which has no folic acid activity for the human, does not pro­
mote the growth of L-casei but promotes the growth of S-faecalis. 
The folic acid conjugate (containing more than 3 glutamic acid) 
which is biologically inactive for man does not promote the growth 
of L-casei. In view of the above, L-casei is the most suitable 
organism for determining the ‘free’ folate activity of biological 
materials.

Biological methods: Biological methods are based on the 
growth promoting value of folic acid in animals (rats or chicks) 
fed on a folic acid deficient diet. Two groups of folic acid deficient 
rats or chicks are given supplements of known amounts of pure 
folic acid and known amounts of test food respectively. 
By comparing the growth rates on the test food with that obtained



on pure folic acid supplement, the potency of the test food can 
be calculated.

D etection of sub-clinical folic acid deficiency
The folic acid content of serum as determined b_\’ L-casei 

has been found to be a good index of the folic acid nutrition 
status of individuals. The serum levels for normal and sub­
clinical cases are given below:

Scrum  Level
S eru m  L -C asei F o la te  L e v e ls

In terpre ta t ion

3 Folate  deficiency
3-6 Probable folate deficiency
6-20 Normal
25 Elevated

Dietary sources
The folic acid contents of some conimon foods are given in 

Table 9.25 Dried yeast and liver, wheat germ and rice polishings 
are rich sources. Whole cereals, legumes, green leafy vegetables, 
cereals, other vegetables, milk and fruits are fair sources.

Requirements
Folic acid occurs in foods in two forms (1) Folic acid, tetra- 

hydrofolic acid and its derivatives and (2) Folic acid conjugate 
(folic acid polyglutamates). The ‘free' folates represent the first 
group, the ‘bound’ folate the second group, while the ‘total’ 
folates represent both the groups. Among the microorganisms 
used for the assay of folic acid, L-casei responds only to ‘free’ 
folates. The conjugates are made available for L-casei only after 
the extract is treated with the enzvme conjugase which hydrolyses 
the conjugate to ‘free’ folate. In man, ‘free’ folate is absorbed 
almost to the same extent as synthetic folic acid. The ‘conju­
gates’ are not well absorbed and utilised in the human svstem. 
The Joint FAO/WHO Expert Group on vitamin requirements
(1970) and Nutrition Expert Group, ICAIR (1968) recommended 
that folic acid requirements are best expressed in terms of ‘free’ 
folate. Their recommendations are given in Table 9.26.



Table 9.25 F o l ic  a c i d  c o n te n t  o f  foods*

Folic acid Folic ac id
Foods tu ff ‘F re e ’ Foodstuff ‘F re e ’

(/rg/lOOg) (Pg/lGOg)

Cereals: " Other vegetables:
Bajra 14.7 Brinjal 5.0
Italian Millet 4.2 Cluster  beans 50.0
Jowar 14.0 Cucum ber 12.6
Maize, dry 14.0 French beans 15.5
Oatmeal 32.0 Kovai 18.0
Ragi 5.2 Ladies fingers 25.3
Rice, parboiled 8.9 Plantain, green 

Pumpkin
1.6

Rice, law, milled 4.1 3.0
Samai 2.2 Snake gourd 7.5
Varagu 7.4
W heat,  whole 14.2 N u ts and Oilseeds:
W heat flour (whole) 12.1 Coconut,  dry 15.3

Pulses (legumes'): Coconut,  fresh 
Gingelly seeds

11.7
51.0

Bengalgram, whole 34.0 G ro u n d n u t 16.0
Bengalgram dhal 32.0
Bengalgram (roasted) 22.0 Fruits:
Blackgram dhal 
Cowpea

24.0
69.0 T om ato ,  r ipe 14.0

Green gram  dhal 
Lentil

24-5
14.5 Fish and other seafoods:

Peas, dry 4.6 Mrigal 9.7
Red gram 19.0 Shrimp, fresh 15.7
Soy bean 8.7

Other flesh foods:
L eafy  vegetables: Buffalo m eat 4.6

A m aran th 41.0 Egg, duck 80 0
Cabbage 13.3 Egu, hen 70.3
Curry  leaves 2.1.5 Fowl 3.2
M int 9-7 G oat  meat 0.5
Spinach 51.0 Liver, goat 61.2

Liver, sheep 65.6
Roots and Tubers: M u tto n 1.0

Carro t
Colocasia

S.O
16.0 M ilk  and M ilk  products:

Onion, big 1.5 Milk, buffalo 3.3
Potato 3.0 Milk, cow 5.6
Yam (ordinary) 0.9 Milk, goat 0.7

Milk, h u m an 1.3
C urd ,  (buffalo milk) 3.3

Miscellaneous foods:
Betel leaves 3.1
Yeast,  d r ied 150.0

•N u tr i t iv e  value of Indian  Foods—C. Gopalan  et al. (1971), I .C .M .R .  I n d i a ,



Table 9.26 R e c o m m e n d e d  d a ily  in ta k es o f  ‘free ’ fo la tes

Age group F.A.O/WHO E xpert  IC M R  E xpert  G roup  
G ro u p  (1970) (1968) 

(/‘g/day/caput)

0-6 m onths 40 25
7-12 „ 60 50-100
1-12 years 100 50-100
18 vears and over 200 100
Pregnancy 400 150-300
L ic ra t ion 300 150

Therapeutic uses and toxicity
Folic acid is administered orally in doses of 5-20 ing. daily 

for the treatment of megaloblastic anaemia in adults. Sometimes 
it is administered in doses of 2 to 5ing. intramuscularly daily in 
patients who are very ill. Such doses do not cause any physiolo­
gical reactions and are well tolerated. The acute intravenous 
toxicity of folic acid is low. The following values have been 
obtained for LD 50 in different ani.mals: mice 600; rat, 500; 
rabbit, 410 and guinea pig, 110 mg. per kg body weight. Since 
the solubility of folic acid is low, large doses should not be given 
by the parenteral route as there is danger of crystallisation in the 
kidney tubules and causing renal injury. Renal injury has been 
observed in animals receiving large doses (50 mg/kg body wt.) 
of folic acid intravenously.

VITAMIN Bj,

History
Minot and Murphy (1926) made the important discovery 

that liver can cure pernicious anaemia. The active principle 
was isolated independently by two groups of workers in Great 
Britain (Smith and Parker, 1948) and in U.S.A. (Rickes et ah, 
1948) respectively. This was designated vitamin B̂ ,. It was 
found effective in curing pernicious anaemia when administered 
intramuscularly in small quantities (5-10 /.ig).



Chemistry and properties
The chemical structure of Vitamin is given in Fig. 9.18.
It has a complicated chemical structure. It contains cobalt 

(4-5 per cent). It has a molecular weight of 1355 and anemperical 
formula PCo. Exposure of an aqueous solution of
vitamin to sunlight results in the destruction of the vitamin. 
Vitamin Bj2 exists in liver and other tissues in two forms (1) Cyano- 
cobalamin (vitamin B̂ .̂ ) and (2)Hydroxo-cobalamin (Vitamin B^^J. 
Both the forms have the same biological activity in the experi­
mental animals and for the micro-organisms. When cyanoco- 
balamin iusolution is autoclaved, it is converted partly to hydroxo- 
cobalamin. Since hydroxocobalamin is heat labile, it is destroy­
ed by autoclaving at 120°C for 30 minutes. This will explain the 
significant deterioration in the potency of cyanocobalamin of a 
food when autoclaved at 120°C for 30 minutes. Addition of 
cyanide in small quantities to the food converts the hydroxo­
cobalamin to cyanocobalamin and protects the vitamin from 
destruction during the preparation of the food extract for assay of 
the vitamin. If ascorbic acid is added to a solution of vitamin

CH2CONH2

F ig .  9.18 C y a n ocob a lam in  (v ita m in  B ,2)



the Bj, activity is slowly destroyed due to the reducing action 
of ascorbic acid on vitamin B,

Absorption and storage
Vitamin Bj„ is unique among all essential nutrients in having 

a highly specialised mechanism for its absorption. Even though 
tile daily requirements are onlv a few micrograms, its absorption 
from the intestines requires a factor called ‘intrinsic factor (IF) 
secreted by the stomach. IF binds vitamin B̂ j and the IF-Bj^ 
comple.N is absorbed. Many other substances including saliva, 
lysozyme, nucleic acid, milk and some fractions of the gastric 
mucosacanhindvitaminBjg, but tliey do not help in the absorption 
of vitamin B, .̂ Dietary vitamin B̂  ̂ and small oral dose of the 
vitamin are absorbed by the IF mechanism. Tlie quantity that 
can be absorbed is limited and is about l.b from a single dose 
of 10 ^g. Farge oral doses are absorbed bv diffusion. When 
1000 of vitamin B^ îs administered, about 1 percent is absorbed 
and serum level rises within 1 hour of administration. Normal 
subjects have serum levels of 20-90 miuo/100 nil with a total 
binding capacity of 50-110 m/ig,'100 ml. so that in normal subjects 
vitamin Bj, binding power of scrum is f 0 per < ent saturated. 
Vitamin present in free form in s< rum rapidly excreted 
in urine. It is known that vitamin hj, mjecud in normal human 
subjects does not appear in urine until tlie dose exceeds 50 p-g. 
The amount in excess of 50 pg is n.pidh' excreted in urine. The 
main storage organ for vitamin Bj., is liver. Its capacity to store 
vitamin is limited. \ itamin Iq, gi\ en by injection in excess 
is n t stored but is excreted in urine.

Absorption in pernicious anaem ia
In normal subjects, a small orrd d<.,o oTvitan in B,„ (0.5-1 pg) 

is almost completely absorb', d vhile in subjeits suffering from 
pernicious anaemia, it is not absorbed unless an intrinsic factor 
(IF) preparation is given along with it.

Physiological functions
The physiological functions of vitamin B|„ are as follows: 
1. Vitamin B,, promotes the maturation of the erythroid 

cells. Within a few hours of the injection of vitamin B̂  ̂the bone



marrow begins to change its appearance. The earlier megalo­
blastic cells which arc the dominant cells in pernicious anaemia 
become transformed into later stages and all the marrow cells 
change mostly to normoblastic type. As the red cells complete 
the maturation, reticulocytes begin to appear in the circulation. 
The newly formed red cells are normal in appearance.

2. Vitamin acts on the other marrow elements as shown 
by the increase in white cell count and blood platelet count.

3. Within a few days of treatment, vitamin stimulate* 
the appetite and general health of the subject and

4. It also cures the neurological symptoms of pernicious 
anaemia.

Biochem ical functions „
The important functions of vitamin B̂  ̂ are discussed below;

A. Systems requiring 5 -deoxyadenosyl cyanocob.alamin 
(/) A coenzyme containing vitamin B̂,̂  (5-deoxyadenosyl 

cyanocobalamin) is required for the isomerisation of glutamic 
acid to threo-^-methyl aspartate.

(ii) Methyhnalonyl COA-mutase: A coenzyme containing 
vitamin Bjj is required for the conversion of methyl malonyl COA- 
to succinyl COA.

(in) Dehydrase reactioti: A B 2̂ coenzyme is required for the 
following dehydrase reactions:

Ethylene glycol---- acetaldehyd e
1:2 propandiol---->propionaldehyde o
Glycerol---- >/?-hydrox3̂ propionaldehyde

,B. Systems using C o -methyl cobalamin

(f) Homocysteine--- ^-methionine
{ii) Bj2 coenzyme is essential for the following reaction:
5-methyl tetrahydrofolic acid+homocysteine---- > methionine

-j-tetrahydrofolic acid.

Effects of deficiency
The most important deficiency disease occurring in human 

beings due to vitamin B̂  ̂ deficiency is pernicious anaemia.



Pernicious anaem ia
This disease is caused bv the lack of ‘intrinsic factor' in the 

stomach with a consequent failure in tlie absorption of vitamin 
Bj,. The principal signs and svniptonis of pernicious anaemiu 
arc as follows;

Blood: The RBC count is lov-1.5-2.5 million per mm'’ 
(normal 4.5-5.5 million). Tne average diameter of the cell is well 
above normal about 8.2 ij. as compared to normal diameter of 7.3 /c. 
There is evidence that the abnormal circulating red cells are 
undergoing excessive destruction with consequent increase in 
the serum bilirubin content. The haemoglobin content is low 
(8-9 per cent). J

Bone marrow: The nucleated red cells of the marrow are 
greatly increased. If the successlce nucleated cell stages in 
erytltropoisis are called stages I, II, 111, and I\', then in pernicious 
anaemia cells of stag .s I and 11 constitute 79 per cent and of stages 
III and I \ ’ 3(1 per cent wrhl; in noiv.eil persons the reverse is the 
case. The cells of stage I are p.cuh o' and dilfer from the normal 
cells and are called megalobla.sts. Toe overacting bone marrow 
in pernicious anaemia is describ ci as showing megaloblastic 
hyperplasia.

Stomach: The cells which secrete acid and enzvmes are 
atrophied. The gastric secretions are devoid of acid, pepsin 
and intrinsic factor (IF).

Mouth: Soreness and inflammation of the tongue are 
commonly observed.

A'erroiis system: In about 80 per cent of the cases, paracsthesia 
(numbness and tingling) occurs in fingers and toes. Occasionally 
there are objective signs of involvement of the spinal cord (vitamin

neuropathy). In advanced cases, demvelination of the white 
fibres of the spinal cord occurs, affecting first the dorsal column 
and later, the lateral column (sub-acute combined degeneration 
of the cord).

■Vitamin deficiency in Vagans
Persons living exclusively on vegetarian diets (Vagans) have 

low serum levels of vitamin develop sore tongue, paraesthesia 
and signs of degeneration of the long tracts of the spinal cord as



VITAMINS

a result of low intakes of vitamin II Megaloblastic anaemia 
is not so common, as folic acid intake is adequate (Smith, 1962).

Vitamin deficiency in breast fed infants
A few instances of megaloblastic anaemia caused by vitamin 
deficiency has been reported in breast fed babies of mothers 

who are themselves deficient in vitamin (Baker et al., 1962).

M ethods o f assay
Microbiological methods are widely used for the assay of vita­

min Bj2 in foodstuffs. A brief account of the different procedures 
is given below:

(i) Lactohacillus Lactis assay: The growth response of the 
organism to varying amounts (5-100 niMg) of the standard vitamin 
Bp is determined and a standard curve is drawn. The response 
of the organism to varying amounts of the extract of the test food 
is also determined. By comparing the response with the test food 
v/ith that of the standard, the vitamin Bj, potency can be cal­
culated.

(ii) Lactobacillus leiclwtaunii assay: The growth response of 
the organism to varying cpiantities 0.025 to 0.25 m/^g of vitamin 
Bj2 is determined and a standard curve is drawn. The growth 
response of the organism to varying amounts of the extract of the 
test food is determined. By comparing the response with the 
test food with that of the standard, the vitamin Bp potency of the 
test food can be calculated.

{Hi) Protozoan assay: Two protozoans (i) Euglena gracilis 
and (2) Ochromonas malliamensis have been used successfully for 
the assay of vitamin Bp. Ochromonas has more specific vitamin 
B,2 requirements than Euglena. It responds only to the clinically
active and animal-active forms of vitamin B̂ ^—an advantage 
over Euglena and Lactic acid bacteria Both organisms are 
photosynthetic and heavy growth can be obtained without artificial 
aeration. They have proved reliable for evaluating the vitamin B 
content of serum. The method is highly sensitive (1 w^g/ml).

Dietary sources
Vitamin B^ is present only in foods of animal origin. It is 

not present in foods of vegetable origin. Vitamin B̂  ̂ content



of foods is given in Table 9.27. Liver is the richest natural 
source of vitamin Bj„. Meat, fish, kidney, brain and eggs are 
good sources. I'resli milk, milk powder and cheese are fair 
sources.

Table 9.27 Im p o r ta n t  d ie ta ry  s o u rc e s  o f  V ita m in  B ,, •

F oodstuff V itam in Bis 
Mg/lOOg Foodstuff V’itam in B,, 

Mg. lOOg

Rich sources: Fair sources:
L iver, goat 120 W hole m ilk pow der 2.4

„  O X I I S Skim m ed milk powd e r  3 .2

>. p ig 59 C ow ’s m ilk, fresh 0.5
,, sheep 133 Buffalo m ilk, fresh 0 .4

■Good sources:
G o at’s m ilk, fresh 0.1
H um an milk 0.02

M eat, goat 11
,, sheep 30

Fish 23
Egg, h en ’s 11
Egg, d u c k ’s 9

Large sca le  production and cost
Vitamin Bj, is manufactured in different countries by microbial 

synthesis by various organisms. The principal manufacturers 
are U.S.A., Japan and L’.K. The cost of crystalline vitamin B„ 
in U.S.A. in 1968 was SS (Rs 60) per gram. It is understood 
Japan is also selling the product at that price. The annual 
requi’-ement of vitamin B̂ ., of an individual is about 1 mg. 
and this will cost only 0.8 U.S. cents or 6 paise (Indian 
currency).

Requirements
Estimates of losses of vitamin Bj„ from the body determined 

recently using whole body counting techniques indicate the loss 
to be 2.6 /ig/day assuming the pool size to be 5 mg (Heinrich, 
1964). Studies of vitamin Bĵ j absorption by normal individuals, 
using radioactive vitamin Bj  ̂ indicate that at a dose of 0.5 A'-g, 
more than 70 per cent is absorbed and that as the dosage of vitamin 
Bĵ2 increases, absorption gradually decreases until at a dose of 
5 Mg, 30 per cent or less is absorbed. (Kervans et al., 1954);



Vitamin Bj2 from food sources are as well absorbed as the crystalline 
vitamin (Ileyssel et al 1966). The recommended daily allowances 
for vitamin by different groups i.e., FAO/WHO Expert Group, 
NRC, U.S.A. and ICMR Nutrition Expert Group are given in 
Table 9.28.

Table 9.28 R e c o m m e n d e d  d a ily  in ta k es o f  V ita m in
(Mg/caput/day)

Age group FA O /W H O N R C  (USA) IC M R  (Ind ia)

In fan ts  0-6 m on ths 0.3 1.0 0.2
7-12 „ 0,3 1.5 0.2

C h ild ren  1-3 years 0.9 2.0
4-6 „ 1.5 2.5 0.57-9 „ 1.5 4.0

10-12 „ 2.0 5.0

j 13-19 years G irls S - 2.0 5.0 1.5

A dult M en and W om en 2.0 5.0 1.0
Pregnancy 3.0 8.0 l.S
L ac ta tio n 5.2 8.0 1.5

Therapeutic uses and toxicity ^
For the treatment of pernicious anaemia, the general practice 

is to give 1000 /'g. of vitamin B,,, by injection twice in the first 
week, followed by 250 i)-g every week for about 2 months. Sub­
sequently a dose of 250 p-g. every month for a few months will 
prevent recurrence. Vitamha B|,, administered in doses of 
250-1000 Mg. intramuscularly does not have any toxic effects.

Detection of deficiency
For the detection of vitamin Bj, deficiency the following tests 

are useful (/) Serum vitamin B,, assay and (/7) .Absorption of test 
dose of vitamin B ,̂.

(/) Serum vitamin The vitamin B,„ content of
serum is determined using the protozoan Euglena gracilis. A 
serum level of below 140 MMg/ml indicates vitamin Bj., deficiency.

" 17



(ii) Absorption of test dose of vitamin
(a) Absorption of radioactive Bj,. The first test proposed 

was the direct determination of faecal radioactivity following 
oral administration of 0.5 jrg labelled vitamin I I I n  normal 
subjects, about 30 per cent of the test dose and in pernicious 
anaemia about 90 per cent of the test dose are not absorbed.

(l>) Shilling's urinary excretion test: This test is based on the 
kinetics of vitamin absorption. A dose ot 0.5 n-g labelled 
vitamin is given by mouth and followed in 2 hrs. by an injec­
tion of 1000 yiig unlabelled vitamin Bj„ which saturates the binding 
protein in the blood so that any radioactive Bĵ  absorbed will be 
carried in the blood in the free state subject to excretion by the 
kidney. Normal subjects will excrete 10-30 per cent of the 
labelled test dose in 24 hours. Patients with pernicious anaemia 
show a total excretion less than 2.0 per cent of the labelled test 
dose in 24 hours.

Vitamin and folic acid in m egaloblastic anaem ia
Both vitamin Bĵ  and folic acid are effective in curing mega­

loblastic anaemia. The nervous lesions in pernicious anaemia 
respond only to vitamin B̂ j- If pernicious anaemia is treated with 
folic acid, the anaemia generally improves but the nervous lesions 
are aggravated. Hence, pernicious anaemia and megaloblastic 
anaemia due to vitamin B ĵ deficiency should never be treated 
with folic acid.

BIOTIN
History ^

In 1927, Boas made an important observ’ation that when raw 
egg white was incorporated as the main source of protein in the 
diets of rats, they developed deficiency symptoms characterised 
by dermatitis, loss of hair and muscular inco-ordination. All 
these symptoms were prevented or cured by yeast, liver and egg 
yolk. The factor was called ‘anti egg white injury factor’. Later 
Gyorgy (1931) gave the name vitamin H to this factor. Vitamin H 
was isolated in 1939 by Gyorgy, Kuhn and Lederer. Later 
Gyorg\' et al. (1940) found that vitamin PI was identical with 
biotin (a grow'tlr factor for yeast) isolated from egg yolk by Kogel 
and Tonnis in 1936. Vitamin II was also isolated from milk by 
Melville et al., in 1942. This vitamin ŵ as given the name Biotin.



Chemistry and properties (_

The chemical structure of biotin (Fig. 9.19) was established 
by du Vigneaud and colleagues (1940-42) and synthesis of biotin 
was accomplished by Harris and co-workers in U.S.A. (1943­
44). Biotin is sparingly soluble in cold water and is freely soluble 
in hot water. It forms salts with alkali hydroxides. It is 
sparingly soluble in alcohol but insoluble in fat solvents. It is 
stable to autoclaving at 120°C for 30 min. in aqueous medium 
at neutral pH.

c
/  \

HN NH

H C-

I
H 2C

■04

\ /
S

C H -  CH2 .CH 2 -CH2 .CH2 .C O O H

F ig .  9.19 B iotin

Absorption and storage ^
Biotin is absorbed readily from the small intestines through 

the portal vein into the general circulation. Biotin ingested in 
excess of requirements is not stored butis mostly excretedin urine.

Physiological functions ^
The important physiological functions of biotin are as follows: 

(t) In biotin deficiency, the skin shows extensive hyperkeratosis, 
some parakeratosis, acanthosis and oedema, (n) Biotin is essential 
for normal gestation and for lactation in rats and (iii) Biotin 
deficiency causes paralysis of the hind legs in experimental animals.

Biochem ical functions
Biotin takes part as a coenzyme in several metabolic functions. 

Recently the CO^ biotin-enzyme complex was isolated and the



active component was shown to be N^-carboxy biotin. Another 
compound hiocytin (e-X-biotinyl-L-Iysine) occurs in biological 
materials. Its biochcmial role is not known.

A. Carboxylation reactions
(/) Propionyl-CoA-carboxylase: Biotin acts as a coenzyme 

in the conversion of propionic acid to succinic acid.
(ii) P-viethylcrotonyl-CoA-carboxylase: /3-methylcrotonyl-

CoA carboxylase is important in the degradation of leucine. 
The enzyme catalyses the conversion of /J-jnethylcrotonyl CoA 
to /?-methvlglutaconyl-CoA in the presence of biotin.

{iii) Acetyl-CoA-rarboxylase: This enzyme catalyses the 
conversion of acet\l CoA to malonyl CoA in the presence of 
biotin.

(tv) Pyruvic carboxylase: This enzyme catalyses the con­
version of pyruvic acid to oxaloacetic acid in the presence of 
biotin.

B. Transcarboxylase reactions -
(i) Tratiscarboxylase: This enzyme catalyses the following 

reactions in the presence of biotin:
Pyruvic acid+methylmalonyl CoA---- ^-oxaloacetic acid-p

propionyl CoA
(ii) Oxalosurciiiafe-Acetyl CoA-transcarbnxyhisc: This cnzvme 

catalyses the following reaction in the presence of biotin:
Oxalosuccinic acid-|-Acetyl CoA---- >X-keto glutaric acid +

malonvl CoA

Effects of deficiency ^
The effects of biotin deficiency have been studied in experi­

mental animals and in man.
Rat: There is retardation of growth and development of a 

progressive scaly desquamative dermatosis of the seborrheic 
type. There is loss of hair. Paralysis of the hind legs develops. 
If untreated the animals die.

Chicks: Dermatitis and perosis are the chief manifestations 
of biotin deficiency in chicks.



Pigs: The deficiency syndrome in pigs is characterised by 
alopecia, seborrheic skin changes, spasticity of the hind legs and 
cracks in the feet.

Human beings: Sydenstricker and co-workers (1942) produced 
biotin deficiency in human beings by feeding them a diet low 
in biotin and with 30 per cent of the total caloric intake in the 
form of fresh egg white. Fine scaly desquamation of the skin 
without pruritis appeared during the third and fourth weeks; 
more marked macidosquamous dermatitis became evident around 
the seventh week on the neck, hands, arms, and legs of one of the 
subjects. Jfuring the 9th and 10th weeks, all patients showed 
fine brawny desquamation accompanied by mild depression 
and followed by extreme lassitude, somnolence, muscle pain, 
and hyperaesthesia. After the tenth week, anorexia with occa­
sional nausea developed. Slight anaemia and increase in serum 
cholesterol level were noted. The urinary excretion of biotin was 
reduced after 7-8 weeks to 3.5-7.3 /yg per day as compared with 
29-52 ng per day on a normal diet. Injection of biotin in doses 
of 75-300 /ug. brought about rapid cure in 3-5 days and the urinary 
excretion of biotin rose to 55 per day.

Biotin deficiency has been reported in an adult who consumed 
daily 4-12 raw eggs and 1-4 ejuarts of wine (Williams 1943).

Leinev's disease: Leiner’s disease (erthroderma desquamati- 
vum or exfoliative dermatitis) in young infants has been reported 
by several workers (Brown 1948). The disease often occurs 
in breast fed infants frequently in association with persistent 
diarrhoea. The low biotin content of human milk, together with 
the poor absorption of biotin due to diarrhoea, appears to cause 
biotin deficiency. Administration of biotin has been reported 
to effect a cure in many of these cases.

Avidin ^
Egg white injury factor: The active principle present in 

egg white and responsible tor producing ‘egg white injury’ in 
experimental animals has been isolated in a pure state (Eakin, 
Snell and Williams 1941). It is a protein called ‘avidin’ which 
has a molecular weight of 53,100. The iso-electric point of avidin 
is about pFI 10-10.5. Avidin present in egg white or in a purified 
form is denatured and inactivated by prolonged heating (steaming



at 100°C for 60 minutes). Spray drying of egg white or dr^'ing 
it at low temperature in trays 80°C for 1 hour does not destroy 
avidin completely. Purified avidin when incorporated in the 
diet produces effects similar to that caused by raw egg white. 
One molecule of avidin can combine with 3 molecules of biotin. 
One mg. of avidin has been found to combine witli 13.8 /̂ g of 
biotin. The site of binding of biotin with avidin has been shown 
to be the tryptophan residue in the avidin molecule..t_ /

Methods of assay '
In natural foods, biotin is present only in small quantities. 

For the estimation of biotin, biological and microbiological methods 
are available. The microbiological methods liave the 
advantage of being technicallv simple and requiring less time; 
however, they have certain limitations. Most of the micro­
organisms used in the assay of biotin will respond only to free 
biotin and not to its bound forms. Hence the foods must be 
digested with enzvmes to liberate the bound biotin. IMicro- 
organisms also tend to respond to close homologues, break down 
products and precursors such as pimelic acid and to apparently 
unrelated compounds such as oleic acid.

Animal assays ^
The bio-assay can be made with rats or chicks made biotin 

deficient by the use of special diets.
Rat assay: Under ordinary dietary conditions, the biotin 

requirements of rat appear to be met by the biotin synthesised 
by the intestinal microflora. Hence it is essential to introduce 
raw egg white or avidin to bind the biotin and to prevent it from 
being absorbed. The rat assay is based on the growth of young 
rats fed on diet containing avidin to known quantities of pure 
biotin 0.1 to 1.0 p-g per rat per dav or natural food to be tested.

Chick ‘method: The daily biotin requirement per chick is 
about 0.63-1 pg (7-10 pg per 100 g. of diet). Under normal con­
ditions the intestinal synthesis of biotin in chicks is too small 
to meet the needs so that biotin deficiency can be produced by 
feeding chicks a biotin deficient diet. The criteria for the assay 
is the increase in the growth of biotin deficient chicks to known 
amounts of pure biotin or the test food.



Microbiologiccl assay: A large number of micro-organisms 
have been used for the assay of biotin. Among these, the most 
widely used and successful method is that of Wright and Skeggs 
which utilises Lactobacillus plantarum as the test organism. 
The growth response to standard biotin is determined in the range
0.02 to 0.2 m/ig/ml. medium and to varying quantities of the test 
food extract. The growth response is measured either by titration 
of the acid produced after 72 hours incubation at 30-37°C or 
turbidity after 24 hours. ’ j

D ietary sources
Biotin occurs widely both in foods of vegetable and animal 

origin. The biotin contents of foods are given in Table 2A in
Appendix and are briefly discussed below, 
content of foods is given in Table 9.29.

A summary of biotin

Table 9.29 B io tin  c o n te n t  o f  fo o d s

Foodstuffs B iotin
(Pg/lOOg) Foodstuffs B iotin

(Pg/lOOg)

Rich sources: Eggs 20-22

D ried yeast 100-200 M ilk, cow ’s (fresh) 5-6

R ice polishings 
W heat germ

57-60
55-66 Fair sources:

L iver (sheep, goat, ox) 100-127 M illed cereals and cereal
Peanut 35-40 flours 1.5-3.0
Soybean 45-55 V egetables 3-5

F ru its 1.7-2.5
Good sources: M ilk, hum an 0.4-0.5

W hole cereals 6-15
L egum es (except soybean) 12-18
M u tto n 5-8

Dried yeast, rice polishings, wheat germ, liver, peanut and 
soybean are rich sources. Whole cereals, legumes, meat, fish, 
poultry, milk, eggs, oilseeds and nuts are good sources. Milled 
cereals, milled cereal flours, vegetables, fruits and human 
milk are fair sources.

Requirem ents
The minimum daily requirements for biotin are not known. 

Since biotin deficiency has not so far been reported in normal



human subjects, it may be presumed that the diets provide ade­
quate amounts of biotin. The biotin content of poor diets 
consumed in the developing countries is about 50-60 while 
that of diets consumed in the developed countries vary from 
150-300 |Ug. Cow’s milk contains approximately 50 ng biotin 
per litre while human milk contains only 4 f.g. per litre. Cases 
of biotin deficiency occurring in infants fed on breast milk and 
suffering from diarrhoea have been reported. The daily biotin 
requirements of adults may be estimated to be between 50-60 /j-g. 
of children between 20-40 /-g and of infants 10-15 /̂ g.

Therapeutic uses and toxicity
In the experimental biotin deficiency produced in adult human 

beings, injection of about 300 /jLg. of biotin per day for 5 days 
brought about rapid cure. Cre'Stalline biotin has been adminis­
tered in large quantities (1 g/kg body wt.) in experimental animals 
without producing any harmful effects. It may be assumed that 
200-300 jug of biotin can be safely administered by the parenteral 
route for the treatment of the deficient subjects.

CHOLINE •—
History

The importance of choline in nutrition was established by 
Best and Huntsman (1934) who discovered that choline deficiency 
in the rat produces fatty liver. Choline is an integral part of 
phospholipids which are present in nervous tissues and are essential 
for the life processes. In addition, it plavs an active role in 
transmethylation and its acet} l ester (acct)'l choline) is involved 
in the humoral transmission of parasympathetic and other nerve 
impulses to effector organs. In view of its importance in nutri­
tion it is usually considered as a member of the vitamin B complex.

Chemistry and properties
The chemical structure of choline is given below;

CHa
\

CHa—N-CH CHaOH
/ I

CHj OH
C h o lin e



It is hydroxy ethyl trimethylammonium hydroxide. It is a 
colourless crystalline compound which is extremely hygroscopic. 
It is a strong base. It is highly soluble in water and alcohol. 
Dilute solutions of choline (less than 4 per cent) are stable to 
heat but when concentrated solutions are boiled, it decomposes, 
giving trimethylamine.

Absorption and storage

Free choline present in foods is readily absorbed from the 
small intestines through the portal vein into thegeneral circulation. 
Choline consumed in excess of requirements is not stored in 
the tissues. Part of the ingested choline is converted into 
phospholipids but a greater part is metabolised in the liver into 
trimethylamine which is excreted in the urine.

Physiological and biochem ical functions ^
Choline has the following important functions.

(i) It prevents accumulation of fat in the liver in many 
experimental animals.

(n) It is essential for the growth of many experimental 
animals.

(Hi) Choline deficiency reduces egg production in the hen.
(iv) Choline deficiency causes paralysis of hind legs in the 

nursing rat and slipped tendon (perosis) in chicks and 
young turkeys.

(?;) Choline is a constituent of phospholipids which are 
essential constituents of all cells in the body, including 
cytoplasmic particles such as mitochonch'ia cell walls 
and nervous tissues.

(ri) Phospholipids are directly concerned in the transport 
of fatty acids and cholesterol in the blood and from the 
liver and with their deposition and removal in adipose 
tissue. In choline deficiency, neutral fat and choles­
terol esters accumulate in the liver.

(vii) Acetyl chcline plays an important part in the humoral 
transfer of para-sympathetic and other nerve impulses- 
to elTector organs and



(viii) Choline takes part in transmethylation reactions in the 
formation of methionine from homocystine. Choline 
is oxidised to betaine and betaine reacts with homocystine 
yielding methionine and dimethylglycine in the presence 
of the appropriate enzynnes.

oxidation
Choline------------- :* Betaine

Betaine+homocystine------------- > methionine-(-dimethylglycine

Synthesis of choline in the body
Choline is being synthesised in the animal and human tissues 

to some extent. The reactions involved arc as follows:

Serine- ->Ethanolamine- -Choline

The transmethylation reactions in the body involving transfer 
of methyl group from choline to homocvstine to form methionine 
and from methionine to ethanolamine to form choline are 
shown below:

C H 3 C holine------ — Bet ai ne
'1' 4-

C H , M eth ion ine

C reatine C H 3

4'
C H , Sarcosine

Effects of deficiency
Rats: Choline is essential in the weanling rat not only for 

the prevention of fatty liver but also for growth, survival and 
maintenance of tissue structure in normal condition. Choline 
deficiency in rats produces fatty liver and haemorrhagic degenera­
tion of the kidney.

Chicks: The primary effects of choline deficiency in chicks 
are cessation of growth and appearance of perosis or ‘slipped 
tendon’ disease.

Pigs: Decreased growth rate, fatty liver and abnormality 
of gait have been reported in pigs.



Methods of assay
Methods available for the assay of choline in biological materials 

may he grouped as follows: (1) Chemical and (2) Microbiological.
Chemical methods: The most widely used chemical method 

for the quantitative determination of choline consists of the 
following steps (i) extraction of choline (n) precipitation of choline 
as reineckatc salt and [Hi) colorimetric determination of red 
colour of the reineckate salt after dissolving it in acetone.

Microbiological method: A microbiological metliod for the 
determination of choline by the growth of the ‘Cholineless mutant’ 
of Neiirospora crassa was d,;.< rili d by Horowitz and Beadle 
(1943). This method is highly sensitive and widely used for the 
assay of choline.

Requirements
Choline requirements of human beings are not known. The 

diets commonly consumed all over the world contain adequate 
amounts of choline and choline deficiency is not likely to occur 
in human beings.

Dietary sources
The choline contents of foods are given in Table 2A in 

Appendix. A summary of the data is given in Table 9.30.

Table 9.30 Im p o r ta n t  d ie ta ry  s o u rc e s  o f  c h o lin e

Foodstuffs ^
C holine

mg/lOOg) Foodstuffs C holine
(mg/lOOg)

Rich sources: Fair sources:

Egg. w hole 504 M illed cereals 50-60
Egg, yolk 1490 Vegetiibles 20-80
L iv er (oork , beef, goat) 5.50-6f0 F ru its 12-24
W heat germ 406-450 M ilk 15-18
L egum es 210-340

Good sources:
M u tto n  (lam b, beef, pork) 84-96
W hole cereals 110-146
Rice polishings 150-180
N u ts  and oilseeds 95-165



PARA-A?\IINO BENZOIC ACID
History

In 1941, Ansbachcr reported that p-amino benzoic acid (PABA) 
is essential for normal gro\s th of rats. It was also found necessary 
for normal lactation in rats and sows and for the prevention of 
greying of hair in the black rat. It is present in folic acid as a 
part of its molecule in combination with ptcridine and glutamic 
acid.

Chemistry and properties
The cliemical structure of p-amino benzoic acid (P.AB.A) 

is given below.
COOH
I

\ /
I
NH:

p-Am inobenzo ic acid

It is a crystalline substance, and is slightly soluble in water 
(0.5 per Cent at 25°C). It is soluble in alcohol. It is stable to 
heat in neutral and acid solutions.

Absorption and storage
PABA is absorbed from tne intestines tlirough the portal 

vein and passes through general circulation to all tissues. It is 
partially acetylated in the liver. It is also converted into p-amino 
hippuric acid which is excreted in urine. PAB.\ consumed in 
excess of requirements is not stored but is metabolised and 
excreted in urine.

Physiological and biochem ical functions ^
The important functions arc as follows: (1) An excess of 

p-amino benzoic acid inhibits the bacteriostatic effect of sulphon- 
amides because of structural similarities. (2) Sulphonamide 
resistant strains synthesise PABA (3) In some animal species PABA 
has been reported to increase the action of insulin. (4) It has 
been reported to inhibit the production of thyroid hormones.
(5) It inhibits the oxidative destruction of adrenaline in the tissues



and (6) The injection of liydroquinone in mice results in greying 
of fur which is prevented by PAHA.

Effects o f deficiency
The deficiency of PABA retards growth in rats and brings 

about greying of hair. The milk production of lactating rats is
reduced in PABA deficiency.

M ethods o f assay
No satisfactory chemical method is available for the assay 

of PABA in biological materials. Microbiological methods have 
been used for this purpose. The commonly used organisms are 
Acetohacter suhoxydans and P-amino henzoidess mutant of Newos- 
pora crassa (Cheldclin and Bennett 1945; Agarwala and Peterson, 
1950).

Dietary sources
PABA occurs in plant and animal tissues both in the free and 

bound foi-m. The PABA contents of foods are given in Table 9.31.

Table 9.31 PABA c o n te n ts  o f fo o d stu ffs

Foodstuffs
Free  T otal 

(/-tg/lOOg) Foodstuffs F ree  Total 
(/-’g/lOOg)

Cereals: Flesh foods:
C orn  m eal .10 — L iver (he. t'. calf) 20-30 180-250
O ats, rolled 33 — M eat (b een 30 60-70
W heat, whole 25 49-63 Pork 30 TO-SO
W heat, germ 50-100 170-180

Vei^eiahles:
Oilseeds and m ils. Cabbduc 33 50-70

Peanut 50-80 160-170 C arrot S 10-22
Potato 34 40-60

Egg and m ilk:
Egg, ^̂ ’hoIe 7 25-40 Fniiis:

M ilk, cow ’s 8-15 — Banana 9-12 41-46
D ried  yeast 500-900 4000-5000

The requirements of PABA for human beings are not 
Average dibits provide adequate amounts of PABA.

ivnown.



INOSITOL
History

Inositol occurs in both plant and animal tissues. The 
hexaphosphoric ester of inositol (Phvtic acid) has been known f t a 
long time. 7’here are seven optn.ail}' inactive and two optically 
active forms of inositol. Ol these only one optically inactive 
form which occurs in nature has some nutritional importance. 
Woolley et al (1940) reported that inositol is essential for mice 
and prevents the development of alcipecia in mice.

Chemistry and properties ^
Inositol (also called meso-inositol or myo-inositol) is hexa- 

hydroxy-cyclohexane (Fig. below). It is a crystalline compound 
and has a sweet taste. It is highly soluble in water and stable 
to heat in neutral, acid and alkaline medium.

OH OH

H h\ OH
\j

HO^, OH

- K
H

[
OH

m c io -In o s ito l fC;H :0 ,'i

Absorption and storage
Inositol is readily absorbed from the small intestines through 

the portal vein and passes through the general circulation to the 
tissues. Inositol consumed in excess of requirements is not 
stored but is partly excreted in urine or metabolised. Anderson 
and Bosworth (191C) found that when 0.5 g. d inositol per kg. 
body weight was given by mouth, only 9 per cent was excreted 
in urine and none in faeces. On the other hand, st ..idies in animals 
have shown that absorption is poor and a greater phrt is excreted 
in the faeces.

Bt und forms of inositol
fVlthougii inositol occurs in the free state in muscle and other 

tissues, a greater part of it exists in bound forms. In animal



tissues, it exists in the form of phospholipids, while in plant tissues 
it exists mostly in the form of phospholipids, phytic acid and 
phytin.
/  Inositol containing phospholipids: Brain and liver tissues 

contain phospholipids containing  ̂ inositol. Inositol mono 
and diphosphates have been isolated by the hydrolysis of the 
phosphatides. Claude (1946) has reported that mitochondria 
and microsomes contain large amounts of inositol containing 
phosphatides.

(" Phytic I Cereals, legumes, oilseeds and nuts contain
large amounts of phytic acid and phytin (Ca, Mg salt of phytic 
acid). Phytic acid is inositol-hexaphosphoric acid. This is broken 
down by an enzyme phytasc present in plants into inositol and 
phosphoric acid. Phytic acid is not absorbed from the intestines 
unless it is broken down by the enzyme phytasc. Since the 
phytase activity of the intestinal juices is low, only a small per­
centage of the phytic acid present in the diet is hydrolysed and 
absorbed.

Physiological and biochem ical functions ’•—
The important functions are given below: (1) When glucose 

C'̂  ̂ is fed to the rat, inositol C'̂ '* has been isolated from the 
tissues, indicating that some inositol is synthesised in the tissues.
(2) An enzyme—cyclase catalyses the formation of inositol- 
1-phosphate from glucose-6-phosphate in the presence of DPN.
(3) Inositol is oxidised to glucuronic acid in the liver by an enz­
yme, oxygenase. (4) Labelled inositol gives rise to labelled 
glucose in the body (5) Studies in tissue culture have revealed 
that inositol is required for the growth of fibroblasts (6) Inositol 
is present in certain phospholipids. In certain conditions, inositol 
exerts a lipotropic effect. (7) Inositol occurs in large quantities in 
mammalian heart muscle and shark skeletal muscle. Sacks 
(1906) found that inositol in concentrations found in heart 
muscle increased the amplitude and rate of contraction. (8) In 
animals, it has been shown that inositol increases the peristalsis 
of the small intestines (9) Inositol causes an increase in nerve 
chronaxia in the rat and it abolishes the reduction in chronaxia 
caused by adrenochrome. (10) Young mice fed on inositol 
deficient diet lose hair (alopecia). (11) Inositol occurs in



large quantities in the secretion of the seminal vesicle of the boar 
and (12) It stimulates the grovth of yeast and other fungi.

Effects of deficiency ^
Experimental animals: Woolley (1940) showed that in mice 

fed on inositol deficient diet, grmvth was retarded and kiss of 
hair over the body (alopecia) occurred. Later, Pavcck and Baum
(1941) found that inositol cured a condition known as ‘Spectacled 
eye’ (a condition due to loss of hair around the eye) in rats fed 
on inositol deficient diet. Hegsted et al. (1941) reported that 
inositol supplementation increased slightlv the growth rate of 
chicks fed a diet deficient in inositol. Hogan and Hamilton
(1942) reported that addition of inositol increased the growtli rate 
of guinea pigs fed on a deficient diet. Gavin and McHenry (19 rl) 
found that addition of biotin to a purified diet caused fattv liwr 
in rats wliich could be prevented by inositol. The lipotropic 
action of inositol in rats has been confirmed by other workers.

Human beings: Evidence lor the specific need of inositol in 
human nutrition is not available. However, the wide distribution 
of inositol in the human body and tiie need of inositol in the 
nutrition of ani.mals, make it reasonable to assume that inositol 
may be essential in human nutrition. Ariel et al. (1944) found 
a high incidence of fatty liver in patients with gastro-intestinal 
cancer. Administration of inositol in doses of 280 to 1200 mg 
daily brought about a rapid reduction in the liver fat content.

M ethods of assay
Since onl\’ meso-inositol is of nutritional importance, only 

microbiological methods which are specific for meso-inositol 
can be used for the assay of inositol.

(1) Assay 'xitli snccharnviyces carlshergensis 4228: This orga­
nism responds to concentrations of 0.1 to 1 /yg. of inositol and 
yields reliable results. The growth of the organisms to standard 
inositol solution (0.1 to 1 /ig) and to known amounts of the extract 
of test food is determined. From the data obtained, the inositol 
content of the unknown can be calculated.

(2) Assay with inositol-less mutant of APurospora crassa: The 
growth of the mycelium to known amounts of standard inositol



and test food extract is determined. Inositol content of the test 
food is calculated from the data obtained.

Dietary sources
The inositol contents of foods are given in Table 2A in 

Appendix. Inositol is present in the free form in animal tissues 
and plant tissues and also in the form of phospholipids in nervous 
tissues and liver and in the form of phytin in cereals, legumes, nuts 
and oilseeds. The availability of inositol from phytin is poor. 
The inositol contents of some important foods are given in Table 
9.32.

Table 9.32 Important dietary sources of inositol

Foodstuffs Inosito l mg/lOOg Foodstuffs Inosito l mg/lOOg

V egetables 27-160 W hole cereals 120-180
F ru its 22-210 F ish 17-44
L iver 300-400 L egum es 180-250
C ow ’s milk 50 O ilseeds and N uts 170-260
H u m an  milk 33 D ried  yeast 50-270

Requirements ^
Inositol requirements for human beings are not known. 

Average diets provide adequate amounts of inositol.

BIOFLAVONOIDS (VITAMIN P)

History
Szent-Gyorgy prepared in 1936 an extract from paprika and 

lime juice and found it essential in addition to ascorbic acid, in 
preventing capillary fragility in human beings. He gave the name 
Vitamin ‘P’ to this factor. Many investigators have confirmed 
the value of vitamin P (Bioflavonoids) along with ascorbic acid 
in preventing capillary fragility. The Joint Committee on 
nomenclature of the American Society of Biological Chemists 
and American Institute of Nutrition (1950) recommended that 
the name vitamin ‘P’ be dropped. The term ‘bioflavonoids’ was 
proposed for these groups of compounds having vitamin ‘P’ 
activity.



Chemistry and properties
Citrin and other glycosides (called anthoxanthins) having 

vitamin ‘P’ activity have been isolated from paprika, citrus 
juice and peel. Chemicallv they are called ilavonoids. Citrin 
from lemon peel is said to be a mixture of two flavanone 
glucosides-hesperidin and eriodictin. The other important 
bioflavonoids occurring in nature are rutin and quercctrin.

Absorption
Bioflavonoids taken orally are absorbed from the small intes­

tines through the portal vein and passes through the general 
circulation to all tissues.

Physiological and biochemical functions
The important functions are as follows: (1) Studies with 

experimental animals have shown that bioflavonoids control 
capillar}' permeability in experimental animals.

(2) Citrin also cures intestinal haemorrhages in scorbutic 
guinea pigs when administered along with ascorbic acid, and

(3) It has been suggested that the effect of bioflavonoids is 
indirect, based on their inhibitory effect on the oxidation of 
adrenaline.

Eflfects of deficiency
The effects of bioflavonoid deficiency in human beings have 

been studied in detail by Scarborough (1940). The signs of 
bioflavonoid deficiency are (i) decreased capillary resistance leading 
to petechial bleeding, accompanied by pain across the shoulders 
and in the legs, (ii) lassitude and (iii) fatigue. Administration of 
bioflae onoids is effective in curing the above symptoms.

Methods o f assay
biological method for assaying the bioflavonoid activity 

of food<tiilfs based on the measurement of capillary resistance has 
been dcteloped by Bacharach, Coates and iMiddIcton (1942). 
The method is as follows: A suction cup with a diameter of 12mm



is applied to the greased and shaven area on the back of a 
guinea pig. The pressure is gradually reduced by 5 mm. stages 
and maintained at each stage for three to five seconds. The 
pressure is noted at which petechiae are first seen when the area 
under suction is viewed through the cup. This is called the 
critical petechial pressure. If this is plotted against the logarithm 
of the dose of vitamin P administered to the animals a straight 
fine graph is obtained.

Dietary sources
Bioflavonoids occur mainly in fresh fruits and vegetables. 

(Table9.33). One‘ProvisionalUnit’(P.U.) isdefined as the activity 
of 1 mg. of citrin i.e., the water soluble glycoside complex derived 
from citrus peel. (Bacharach and Coates, 1943). Recrystallised 
hesperidin had an activity of only 0.1 P.U. per mg while black­
currant concentrate had an activity of 10 P.U. per mg.

Table 9.33 Bioflavonoid activity (Vitamin P) of som e fruits and 
vegetables (I unit = activity o f 1 m g of citrin  from  lem on peel)

Food
V itam in P 

con ten t 
(units/lOOg)

Food
V itam in P 

con ten t 
(units/lOOg)

A pple 60 Parsnip 40
B eetroot 15 Pea 40
B lackberry 60 Plum 50
C abbage 60 Potato 25-40
C arro t 40 Rose h lps-syrup 240-350
C auliflow er 40 Spinach 130
C herry 60 T om ato 60-70
L em on, peel 500 T u rn ip 20-30

,, iuice 450 W alnut loo
L e ttu ce 80-100 W atercress 70
O range (juice and peel) 490

Requirements
The bioflavonoid requirements for human beings are not 

known. Daily consumption of liberal amounts of fresh fruits 
and vegetables will^meet the requirements.



Therapeutic uses and toxicity
Bioflavonoids are generally given orally in doses of about 

200 mg. four times a day. They have been found effective in 
curing decreased capillary resistance in allergic subjects. Scar­
borough (1942) reported that two cases of vascular purpura (purpura 
senilis) was cured by bioflavonoids. Bioflavonoids when 
administered by intramuscular route may produce some toxic 
effects.
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MINERALS
, The body contains about 24 minerals, all of which must be 

provided by the diet." These include calcium, phosphorus, 
potassium, sodium, chlorine, magnesium, iron, manganese, 
copper, iodine, cobalt, zinc, aluminium, arsenic, bromine, 
fluorme,nickel, chromium, cadmium, selenium, silicon, vanadium, 
and molybdenum. These minerals are necessary for the follow­
ing different functions: (1) As constituents of bones and teeth, 
e.g., calcium, phosphorus and magnesium, (2) As constituents 
of body cells of soft tissues such as muscles, liver etc., e.g., 
phosphorus. (3) As soluble salts which give to the body fluids 
and cell contents, their composition and stability which are both 
essential for life, e.g., sodium, potassium, chloride and phos­
phorus. (4) Some minerals are required in small quantities for 
specific functions, e.g. («) iron and copper—formation of haemo­
globin (6) iodine—formation of thyroxine (c) zinc—constituent 
of an enzyme, e.g., carbonic anhydrase and a hormone, e.g., 
insulin, and (d) cobalt—constituent of a vitamin, e.g., vitamin Bjj 
and (e) some other elements are essential for the activity of various 
enzymes (Table 10.1).

In poor diets consumed by a large majority in India and other 
developing countries, deficiencies of calcium and iron commonh 
occur. Iodine deficiency occurs in people living in certain hilly 
tracts in India and in some other countries, where the soil and 
water are deficient in iodine.' Addition of extra sodium chloride 
to the diet is of special importance in tropical countries, as the 
loss of NaCl in sweat is heavy. The deficiencies of other minerals 
do not normally occur in average diets.

CALCIUM
Among the different minerals, calcium occurs in the highest 

amounts in the body. About 99 per cent of the calcium is present 
in the skeleton and the remaining 1 per cent in soft tissues. 
The body of the infant at birth contains about 27.5 g. of calcium 
while the adult body contains about 1,000-1,200 g. 'All this 
calcium is deposited in the bone during the growth of the body.



T a b le  10.1 T h e ca ta ly iic  fu n ction  o f  m in era l e lem en ts  in  e n z y m e  
system s o f  plants and  an im als

E nzym es M etaUs) requ ired

Succinic dehydrogenase Ca. Al.
A rginine phosphopherase Ca. M n. -Mg.
L ecith inase Ca, Alg. Co. Zn, M n .
Ascorbic acid oxidase Cu
T yrosinase Cu
G lycylglycin d ipeptidase Co, M n, Zn

C atalase Fe
C ytochrom es Fe
Peroxidases Fe
C arboxypeptidasc M g
C reatine  phosphopherase M g
Flavokinase M g
G lutam ic  phosphokinase M g
Inorgan ic  pyrophosphatase M g
N icotinam ide niethylkinase M g
Acid and alkaline phosphatases M g, M n
D P N  phosphopherase M g, -Mn
Isocitric  dehydrogenase M g, M n
L eucine am ino-pep tidase M g, M n
Pyruvic carboxylase M g, M n
Oxaloacetic decarboxylase M g, Co, Zn
D eoxyribonuclease M g, M n, Co, Fe
O xalosuccinic decarboxylase M n
Arginase M n, Co, N i and Fe
C arbonic  anhydrase Z n
X an th in e  oxidase M o

The important physiological functions of calcium are: (1) it is 
essential for the formation of bone and teeth (2) it is essential for 
the clotting of blood (3) it regulates the permeability of capillary 
walls (4) it is essential for the contraction of the heart and muscle, 
and (5) it regulates the excitability of nerve fibres and nerve 
centres.



Calcium  content of the body and rate of accretion of cal­
cium  in the body
Mitchell and co-workers (1945) calculated the calcium incre­

ment in the body based on the following assumptions: (1) the 
calcium content of the body at birth (0.8 per cent) and that of the 
adult (1.6 per cent) on whole body basis and (2) the percentage of 
calcium increasing progressively during growth with the increase 
in body weight. The second assumption is based on findings 
with growing rats, chicks and lambs, and it appeared valid to 
apply the same criterion to humans. The estimates of Mitchell 
et al. (1945) were revised by Leitch and Aitken (1959). The 
data for the calcium increment in the body for different ages are 
given in Table 10.2.

T a b le  10.2 C a lc iu m  con ten t and  d a ily  c a lc ie m  in cre m e n t in  the body 
o f  boys (I. L eitch  and F. A. A itken, 1959)

C alcium increm en t

Age (years) W eight (kg.) T o ta l Ca 

(g) per annum
mg

p er day

0 3.5 28.5 _ _
1 9.4 84.3 55.8 153
2 12.4 116.4 32.1 88
3 14.6 141.6 25.2 69
4 16.7 167.0 25.4 70
5 19.0 196.3 29.3 80
6 21.2 225.6 29.3 80
7 23.9 263.4 37.8 104
8 26.5 301.6 38.2 105
9 29.4 346.6 45.0 123

10 32.6 399.0 52.4 144
11 36.2 461.2 62.2 170
12 40.2 534.7 73.5 201
13 45.4 637.0 102.3 280
14 51.0 755.3 118.3 324
15 57.0 892.1 136.8 375
16 62.6 102,8.5 136.4 374
17 65.9 1113.7 85.2 233
18 68.2 1175.1 61.4 168
19 69.4 1207.6 32.5 89
20* 70.0 1223.6 16.0 44

* T aken  as young adult



Endogenous loss of calcium
When the calcium intake is negligible, there will be depletion 

of body calcium. This is known as ‘endogenous loss’ of body 
calcium. The ‘endogenous’ calcium is excreted in the urine, 
faeces and sweat. In practice, the total endogenous loss of calcium 
is assessed as the loss of body calcium when the intake of dietary 
calcium is zero and this is obtained bv extrapolation from the 
regression of retention on intake estimated at two or more levels.' 
'fhe losses so estimated vary from 151) to 300 mg calcium/dav in 
adults. The isotopic studies of Bauer et al (1937), showed, the 
endogenous losses in an infant to be 109 mg/day. It may be 
assumed that the endogenous calcium losses in children will be 
between the values for infants and adults.

Loss of calcium  in sweat
In tropical climates, the loss of calcium in sweat will be 

appreciable. Under severe sweating conditions, the daily loss 
of calcium in sweat in adults may var\-from 42 to 121 mg. This 
may account for the apparent retention of calcium in adults 
reported by several workers, as calcium loss in sweat is usually not 
determined in calcium balance studies.

Calcium balance
Dietary calcium which is not absorbed in the intestines is 

excreted in the faeces. A small part of the absorbed calcium 
is excreted in urine. The calcium balance, i.c., the difference 
between the quantity of calcium ingested and that excreted in 
urine and the faeces Ispositi-ve during growth, pregnancy, lactation 
and in normal adults. The excretion of calcium continues on a 
calcium deficient diet when the body will be in 7icgative calcium 
balance.

Factors affecting calcium  absorption
^The various factors affecting calcium absorption from the 

diets are discussed below t
Phosphates and phytic acid'? Excess of phosphates lowers 

calcium absorption. Phytic acid forms insoluble calcium salts 
and interferes with the absorption of calcium.



Reaction of the intestinal contents: Calcium is well absorbed 
at the normal pH of the intestines. If the contents become alka­
line, calcium absorption is lowered due to the formation of 
insoluble tricalcium phosphate.

Fats and fatty acids: Faulty absorption of fats leading to the 
presence of large amounts of fatty acids in the stools interferes 
with calcium absorption, as insoluble calcium salts of fatty acids 
are formed and excreted in the faeces.

Protein: Higher levels of proteins in the diet help to increase 
the absorption of calcium.

Fibre: Presence of excess of fibre in the diet interferes with 
the absorption of calcium.

Oxalic acid: Several workers have shown that oxalic acid 
present in certain foods forms insoluble calcium oxalate which 
is excreted in the faeces, thus lowering calcium absorption.

'Citric acid: A number of earlier publications indicated the 
beneficial effect of citric acid and citrates in rickets. Some of the 
recent studies have not, however, confirmed the earlier observa­
tions.

Lactose: Lactose has been reported to increase the absorption 
of calcium. The beneficial effect of lactose is due to increased 
acidity (lactic acid) of the intestinal contents which leads to 
increased calcium absorption.

Calcium  absorption and retention in hum an subjects
Studies have been carried out by several workers on the 

absorption and retention of calcium in human subjects. The 
absorption and retention of calcium will depend on (1) calcium 
intake (2) presence of interfering substances and (3) presence of 
vitamin D. On normal intake of calcium, the retention varies 
widely from 10 to 30 per cent depending on the diet and the age 
of the subject. A summary of the results is presented in Table 
10.3.

Adaptation to low  calcium  intake
Infants fed on breast milk receive only 103-208 mg. calcium 

daily and retain about 80 mg. Infants fed on cow’s milk receive



T a b le  10.3 R etention  o f  ca lc iu m  in h u m an  subjects

Subject N a tu re  of d iet C alcium  intake 
(m.«)

R eten tion
0/, 0

In fan ts (1-12 m onths) H um an milk 103-208 40-70
,, ,, C ow ’s milk 600-900 15-30

Preschool children C ow 's milk 400-1200 lS-24
>> ,, C aH PO , 350-530 IS

E arly school age M ilk. C ow 's 730-1300 21
School ch ild ren Rice diet 259-277 4-15

,, Raj;i d iet 1151 20
Pearl mil let diet 479 19

-• Sorghum  diet 441 17

daily 600-900 mg. calcium and may retain about 120-150 mg. 
Infants fed on human milk adapt to the low intake and the calcium 
absorption on human milk is about two or three times as high as 
on cow’s milk. When calcium intake is low, the percentage 
absorption is high. Nicholls and Nimalasurya (1939) reported 
that in Ceylonese children with calcium intakes of 183 to 245 mg. 
daily from their diet, the retention of calcium was high ranging 
from 63 to 169 mg. The children, however, were stunted in 
growth. X-ray e.xamination showed that the calcification of the 
bones was normal.

Calcium  and parathyroids
The parathyroid regulates calcium level in blood and calcium 

metabolism in the bone. It acts directly on the bone releasing 
calcium from it and tnus raising the plasma calcium level. 
It also increases the excretion of phosphates by the kidney. In 
hypoparathyroidism, the serum calcium level may fall to a low 
level of 4-8 mg./100 ml. and tetany may result. The symptoms 
of tetany can be relieved temporarilv by injecting parathyroid 
hormones. In hyperparathyroidism, the calcium level in serum 
may increase from the normal level of 9-11 mg. to 16-20 mg. 
Rarefaction of the bones and spontaneous fracture may occur.

Effect of calcium  deficiency
Young animals and children: The effects of deficienev are

(1) decreased rate of growth; (2) negative calcium balance;



(3) loss of calcium from bone leading to the development of 
osteoporosis; (4) h^^perplasia (a diffuse overgrowth) of para­
thyroid glands; and (5) hyperirritability and tetany leading to 
death.

Adults: Osteoporosis in adults, is a condition in which 
rarefaction (decalcification) of the hone occurs due to calcium 
deficiency in the diet. Fractures of the brittle hones occur even 
after minor accidents. Pain due to fractures o( vertebrae may 
radiate round the trunk, to the buttocks or down the legs. Healing 
of fractures is not impaired in osteoporosis and pain subsides as 
soon as the fractures arc healed.

The treatment consists in giving a well balanced diet con­
taining about 1 to 1.5 g. calcium along with vitamin D (400-800
I.U.). -

Calcium  content o f blood
The calcium content of blood serum is fairly constant ranging 

from 9-11 mg. per 100 ml. This level is maintained constant 
in healthy subjects bv the following factors: (1) The calcium 
absorbed from food through the intestines and (2) The rate of 
secretion of parathyroid hormone which controls the level of 
calcium in blood.

H ypocalcem ia
The motor nerves become over-susceptible to stimuli. This 

particularly affects the face, hands and feet, producing the clinical 
features of tetany. Muscles lose tone and become flabby.

H ypercalcem ia
Recently, Lightwood (1952) described a new disease— ̂

idiopathic hypercalcemia—in infants. Since then, the disease 
has been reported to occur in infants by other workers (Mitchell, 
1967). The disease usually occurs between the ages of 5 and 8 
months. The infants alTected suffer from loss of appetite, 
vomiting, wasting, constipation, flabby muscles and a charac­
teristic facial appearance. The level of ionised calcium in the 
blood is raised. Increases in the levels of blood urea and plasma 
cholesterol are also observed. Abnormal calcification may be 
present in the kidneys. Many of these infants have received



excessive amounts of vitamin D resulting in excessive absorption 
of calcium and hence hypercalcemia. The treatment consists of 
giving a low calcium diet devoid of e itamin D.

Calcium: Phosphorus ratio in the diet
Diets having distorted calcium: phospiiorus ratios have been 

used to produce experimental rickets in animals. Obscn ations 
on several species have indicated that during rapid growth and 
calcification, the diet should have a cidcium: phosphorus ratio 
1 :1. Wiien calcium is reciuircd on '. for maintenance as in adults, 
the calcium requirement is lower, both absolutely and relativelv 
tothcphosphorus requirement. Thus, the calcium: phosphorus 
ratio is highest at the earliest age, (1:1), decreases with the 
attainment of adult status (1:2) and then, in the case of the female 
increases again (1:1) in the latter part of pregnancy and during 
lactation. In the normal adult mammal, the calcium: phos­
phorus ratio of the wliole body is a little under (1:1) and that of 
the bone is a little over 2:1.

Requirements
Surveys have shown that a large majoritv of the population 

in the developing countries consume diets proc’iding .3(10-50(1 mg 
of calcium. Metabolic studies have shown that they maintain 
positive calcium balance on such diets. Tlie F .\0  'WHO Expert 
Group on calcium requirements (1902) considered the question 
of calcium requirements and suggested ‘practical allowances’ feu 
calcium which will be adequate to meet the needs of different 
age groups (Table 10.4). 'File I.C.M.R. Nutrition Expert 
Group (1968) adopted the above recommendations with slight 
modiheations. The basis for arriving at the above recommenda­
tions is briefly discussed below:

Infants: Calcium requirements of infants birth to 6 months 
can be computed frojn the calcium intake from breast milk when 
they arc adequately and solely fed on breast milk. On this basis, 
the daily calcium intake will range from 250-300 mg. The 
FAO/WHO and I.C.M.R. Expert Groups have suggested a 
higher intake of 500-600 nig for the age group birth-12 months, 
as infants fed on cow’s milk wall receive 600-900 mg calcium 
daily.



Table 10.4 R e c o m m e n d e d  a llo w a n c e s  for c a lc iu m

Subject F A O /W H O  (1962)
(ing/day)

IC M R  (1968)
(m g/day)

In fan ts  (0-12 m onths) 500- 600 500-600
C h ild ren  (1-9 years) 400- 500 400-500

,, (10-15 years) 600- 700 600-700
A dolescents (16-19 years) 500- 600 500-600
A dults 400- 500 400-500
P regnancy  and L acta tion 1000-1200 1000

Children (1-9 years): Calcium requirements during growth 
can be calculated from the rate of accretion of calcium in the bodv 
(Table 10,4). The calcium accretion in the body from 2-9 years 
ranges from 92 to 140 mg. per day. i\ssuming that the percentage 
absorption of dietary calcium is about 25 per cent, dietary intakes 
of 400-560 mg. calcium would be adequate to meet the needs. 
The FAO/WnO and the I.C.M.R. Expert Groups suggested 
allowances of 400-500 mg. daily.

Adolescents: The calcium accretion data have yielded 
abnormally high values for the amounts of calcium retained in 
the body between the age-group 12-15 j'ears. This may be due to 
the fact that the calculations have been based on the increase in 
body weight. It is likely that the increase in body weight during 
adolescence consists of a smaller proportion of skeleton and a larger 
proportion of soft tissues and adipose tissue. Metabolic studies 
and diet surveys have shown that children between the age- 
group 10-19 years have maintained positive calcium balance on 
calcium intake of 500-600 mg. daily. The FAO/WHO and the 
I.C.M.R. Expert Groups have recommended practical allowances 
of 600-700 mg. (for 10-15 years) and 500-600 mg. (for 16-19 
years).

Adults: Metabolic studies have shown that daily intakes of 
400-500 mg will maintain positive calcium balance in adults.

Pregnancy and lactation: Additional calcium in the diet 
is required during pregnancy to meet the calcium deposited in the 
foetus and duriiu' lactation to meet the calcium excreted in milk.



An allowance of 1,000-1,200 mg. have been recommended by 
FAO/WHO and I.C.M.R. Expert Groups to meet the above needs.

Important dietary sources o f calcium
Data regarding tiie calcium content of foods are given in 

Table lA in Appendix and Table 10.5. The important sources 
of calcium in the diet are milk and milk protlucts, sesame 
seeds and green leafy vegetables. Milk is the best natural source 
and skim milk powder is very rich source (1.37 per cent) of 
calcium. Ragi is the cheapest natural source of calcium, 
containing about 0.3 to 0.36 per cent. Though sesame seeds 
are rich in calcium (1.45 per cent), the calcium is present as 
calcium oxalate mostly in the skin. The skin is usually removed 
before consumption. The dchusked sesame seed is only a fair 
source of calcium (0.15 per cent). Green leafy vegetables are 
one of the cheapest natural sources of calcium containing about 
0.44 to 1.13 per cent. Since green leafy vegetabhs are also 
very rich sources of carotene and ascorbic acid, they should be 
included in the diet as a source of all the above nutrients. 
Small hsh eaten along with banes is an excellent source of 
calcium.

Tablr 10.5 Im p o r ta n t  d ie ta ry  s o u rc e s  o f  c a lc iu m

C alcium Calcium
Foodstuffs conten t Foodstuffs conten t

n i ”  1 ‘ Ofi mg/lOOg

Afifh and milk products: Cereals:
M ilk, cow ’s 120 Ragi 330
M ilk, buffalo 210

Green leafy vegetables :M ilk, eoat 170
C urds tVoin cow ’s o r buffalo Sesbdnia leaves 1130

milk 120-210 C arro t leaves 340
M ilk powd r whole 9.t0 A m aranth  leaves 500
M ilk pow der, skim m d 1370 D rum stick  leaves 460
Chet-se 790 C u rry  leaves 810
K hoa ffiom  whole buffalo Fish:

m ilkj 650
Sm all fish, dried ISOO

Oilseeds aud nut^:
S c S iC i U . -  SC'J 1450
S i - . G E n . '  i . v G h o ' i l skin) 150



PHOSPHORUS

An adult human body contains about 400 to 700 g. of phos­
phorus as phosphates. A greater part of this is present in the 
bone and teeth and the rest in otlier tissues. Phosphorus is 
present in the body as inorganic salts of phosphoric acid or in 
combination with organic compounds.

hiorganic P: As calcium phosphate in bones and teeth and as 
phosphates of sodium and potassium in soft tissues and body 
fluids.

Organic P: The important organic compounds containing 
phosphorus are the following; (1) Phospholipids e.g., lecithin, 
cephalin. (2) Nucleoproteins and nucleic acid. (3) Creatine 
phosphate, A.T.P. and A.D.P. and Coenzymes, I, II and 
Co-carbo.xylase, and (4) Hexose phosphates, triosephosphates and 
glycerophosphates. Data regarding the phosphorus content 
of foods are given in 'fable lA in Appendix and Table 10.6.

Food sources
The important food sources are milk, eggs, meat and fish.. 

Vegetables are fair sources. A greater part of the P present in 
cereals, pulses, nuts and oilseeds exists in the form of phytic acid 
or phytin. Phytic acid is a compound of inositol and phosphoric 
acid and phytin is Ca, Alg salt of phytic acid.

Functions
The important functions are as follows:

1. Phosphorus is necessary for the formation of bone and
teeth.

2. It is necessary for the formation of phospholipids—• 
. lecithin and cephalin which arc integral parts of cell
structure and also act as int Tincdiates in fat transport 
and metabolism.

3. It is essential for carbohydrate metabolism as phosphory­
lation of glycogen requires inorganic phosphorus and 
phosphoric esters like adcn\lic acid, adenylpyrophos- 
phate and creatine phosphate.



ESSENTIALS OF FOOD AND NUTRITION 

Table 10.6 Im p o r ta n t  s o u rc e s  o f  p h o sp h o ru s

Phosphorus 
(i'-i tOOg.)

Phosphorus
{gflOOg.)

M ilk  and M ilk  products Rice, raw, hom epounded 0.21

M ilk, cow ’s 0.09 Rice, raw, milled 0.11

M ilk, buffalo’s 0.13 Rice, parboiled , hom e-

M ilk, pow der, skim m ed 1.00 pounded 0.22

M ilk pow der, whole 0.73 Rice, parboiled , m illed 0.17

C heese 0.52 W heat, whole 0.32

K hoa (from  whole buffalo W heat flour (m aida) 0.09

milk) 0.42 Pulses

Fh sh foods Bengal gram  dhal 0.31

Euu, h e n ’s 0.22 Black gram  dhal o,.r-
Kt;g, d u ck ’s 0.26 Cow gram 0.49

I'ish 0.41 1- ieM bean, dry 0.45

M u tton 0.24 G reen gram  dhal 0.28

laivcr, sheep 0.38 Hor.-^egram 0.39
I.f iitd  (M asur dhal) ti.25

Cereals Peas, d ried 0.30
i ajra (C am bu) 0.35 Red gram  dhal 0.26
Barley 0.23 Soybean 0.69
C holam  (Jow ar) 0.2S

\ u t s  and oilseeds
Italian  m illet 0.29
M aize (corn) 0.33 -Almond 0.49

Oatm eal 0.38 C ashew nut, 0.45

Ragl 0.27 C oconut, fresh 0.24

Rice, raw, husked 0.23 G ingelly  (sesame) seeds 0.57
G ro u n d n u t 0.39

N ote: 1. M ost o f th e  com m on foodstuffs are rich  in phosphorus.
2. T h e  phosphorus p resen t in m ilk and anim al foods is available to a 

g reater ex ten t than  th a t p resen t in cereals, pulses, n u ts, and 
oilseeds.

4. It is a constituent of certain coenzyines e.g. Coenzyme I, 
and Co-carboxylase which take part in the enzyme 
systems concerned in the oxidation of carboht drates, 
fats and proteins and

It is an essential constituent of nucleic a.cid and nucleo- 
proteins which are integral parts of the cell nuclei.



M etabolism
Phosphorus is absorbed in the small intestines as inorganic 

phosphates. Phosphorus present in organic combination, e.g. 
phytic acid, should he hydroh^sed to inorganic phosphate before 
absorption. Since the enzyme—phytase—is not present in 
human digestive juices, phytin phosphorus is absorbed only 
to a very slight extent in human beings. Phosphorus present 
in animal foods such as milk, meat and eggs is absorbed to a 
greater extent than that.present in cereals and legumes as the 
latter exists mostly in the form of phytic acid. The kidney is 
the major pathway of excretion of the phosphorus absorbed. 
The retention of phosphorus in children on different diets has 
been reported to vary widely from 10-40 per cent. The reten­
tion of phosphorus will depend on the following factors (i) the 
quantity of P ingested (//) the calcium content of the diet 
(//.') the form in which phosphorus exists in the diet and 
(iv) vitamin D intake.

Phosphorus content of blood serum
The inorganic phosphorus content of blood serum in normal 

human adults ranges from 2.5 to 4.0 mg/100 ml and in children 
from 4.0-5.0 mg/100 ml. In rickets, the level of phosphorus is 
reduced to less than 3 mg/100 ml.

Requirements
Phosphorus requirements depend on the availability of phos­

phorus present in diets. Phosphorus present in cereals and 
legumes are available to a lesser extent (as it is present in the 
form of phytic acid) than that present in milk, meat, eggs and 
fish. In view of this, phosphorus requirements of persons con­
suming predominantly cereal based diets, will be greater than 
those consuming large quantities of milk, meat, eggs and fish. 
The optimal Ca: P ratio for infants and children is 1:1 and 
for adults 1:2. The Ch: P ratios of diets consumed in different 
countries vary widely from 1:1.5 to 1:3. Metabolism studies 
conducted on these diets have shown that the subjects main­
tained positive calcium and phosphorus balance. N.R.C. 
(U.S.-'V.) has recommended an allowance for phosphorus equal to
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that for calcium for all age groups excepting infants. In the case 
of infants, they have recommended a Ca: P ratio of 1.5 ;1.

MAGXESIUiM
' The adult human body contains about 25_^. of magnesium. 

About half this quantity is present in the bones in combination 
with phosphate and carbonate and about onc-hfth of the total 
magnesium in the body is present in the soft tissues.

Functions
1. Magnesium is found in certain enzymes e.g., co-carboxvlase 

which decarboxylates pyruvic acid.
2. It acts as an activator of several enzymes e.g. alkaline 

phosphatase, all phosphorjdating enzymes and
3. It is required as a co-factor for oxidative phosphorylation.

M etabolism
The average intake from the diet by adults is about 300-400 

mg. A greater part of this (40-50 per cent) is not absorbed and 
hence excreted in the stools. About one thiiJ of the amount 
ingested is excreted in urine. The magnesium content of 
normal human serum is about 2-3 mg'lOO ml. and of whole blood 
1.6 mg. per 100 ml.

Effects of m agnesium  deficiency
Rats: In weanling rats fed on a .Mg deficient diet, vasodilation 

manifested by erythema and hypermia appeared within 3 to 5 
days followed by pallor and cyanosis 12 days later. The animals 
became hypersensitive to slight noise. Generalised convulsions 
were observed after 18 days. Many of them died during the first 
convulsions. Incorporation of 5 mg magnesium per 100 g. 
of the same diet prevented the deficiency and promoted normal 
growth.

Adult hwnan beings: Magnesium deficiency was produced in 
3 patient.s on low magnesium diet. The principal clinical features 
were depression, muscular weakness, vertigo and liability to 
convulsions. The serum magnesium level was below 1 mg 'l 01) ml. 
All the clinical symptoms were cured by the parenteral



administration of magnesium salts (100 mg magnesium chloride) 
within 4 hours. Magnesium deficiency has also been observed 
in chronic alcoholics as indicated by low serum magnesium and 
muscular weakness. Valee ef a/. (1960) reported the occurrence 
of muscular tremors, delirium and tetany in human subjects 
suffering ’from “ magnesium deficiency. The symptoms were 
cured when magnesium salts were administered parenterally.

Children: It is possible that magnesium deficiency exists 
in cases of kwashiorkor as the serum Mg. level has been reported 
to be low. Magnesium deficiency may contribute to some extent 
to the apathy and weakness found in kwashiorkor.

Requirements
Magnesium requirements for different age groups are given 

below:
Adults—200-300 mg./day.
Older children—150-200 mg./day.
Infants and preschool children—100-150 mg./day.

M agnesium  contents o f foods
Data regarding magnesium content of foods are given in 

Table 3A in Appendix.

SODIUiM CHLORIDE '
All minerals except NaCl are usually present in sufficient 

amounts in a well-balanced diet. Sodium chloride is the only 
mineral which is taken in more or less pure form in addition to 
the amount present in natural foods.

NaCl intake and excretion
A healthy adult excretes daily in urine about 10 to 15 g. NaCl. 

All tliis is derived from the salt taken in food. Sodium chloride 
is also excreted in sw'eat. During e.xcessive sweating in hot cli­
mates, while doing hard work, the loss of NaCl in sweat may vary 
from 10 to 20 g. daily. During fasting or on salt-free diets, the 
excretion of chlorides in urine may be decreased or only a trace 
of NaCl may be found. ,'\bsence of NaCl in urine is an indication 
for adding more NaCl to the diet. NaCl is stored in the sub­
cutaneous tissue. During NaCl deprivation, the store is used up.



Heat cramps due to NaCl deficiency
Alen doing hard work in hot humid climates e.g., as in mines 

suflFer from heat cramps i.e., intense and painful contractions of 
skeletal muscle. This is due to XaCl deficiency caused by 
loss of NaCl from the body by excessive sweating. The loss 
may be about 2 to 5 g. of XaCl per hour of very hard work or 
10-20 g. per day. Heat cramps mav be prevented by adding 
NaCl (0.3 to 0.5 per cent) to drinking water. Drinking pure 
water without replacing the salt loss, aggravates the deficiency.

Excessive intakes of NaCl
Consumption of excessive amounts of NaCl causes oedema 

in protein deficiency and increases blood pressure in hyperten­
sion patients.

Sodium chloride requirem ents
NaCl requirements depend on the climate and occupation 

and on the salt content of the diet. Foods of animal origin contain 
more XaCl than those of vegetable origin. The sodium chloride 
requirements for persons living in the tropics are given below:

N a C l requirements (g day) fo r  tropical countries

-Adults: light work 10-15
hard  work 15-20
very h ard  work 23-30

C hildren 5-10
-Adolescent boys and girls 10-25
W om en, pregnancy: first half 10

second half 5
L actation 15

■ SODIUM
The adult human body contains about 100 g. of sodium ion. 

It is distributed entirely in the extra cellular fluid (plasma, tissue 
fluid and lymph) of the body. On the average 5-10 g. of sodium 
corresponding to about 10-20 g. NaCl is ingested per da\' in an 
average diet.



Functions o f N a ion
Na ion exists in the body in association with the following 

anions; Cl, bicarbonate, phosphate, lactate and proteinate. The 
functions of Na ion are; (1) Regulation of acid-base balance of 
the body 12) Regulation of the osmotic pressure of the plasma 
or tissue fluids (3) Na ions play a special role in originating and 
maintaining the heart beat.

Excretion
On an average diet about 3 to 5 g of sodium (corresponding 

to 8 to 12 g NaCl), is excreted in urine. On a low salt diet and in 
starvation urinary excretion may fall to very low levels.

Low sodium  diets
Low Na diets are prescribed for patients suffering from high 

blood pressure. Data regarding the sodium content of foods 
are given in Table 3A in Appendix.

POTASSIUAI
The adult human body contains about 250 g. potassium which 

is present almost entirely in the cells of different tissues, muscle 
etc. Only small quantities are present in extracellular fluid. 
While plasma contains only traces of potassium, the red blood 
cells contain large amounts of potassium ion. Potassium is the 
major basic ion of the body cells and apparently serves in the 
cells the same functions as sodium in the extracellular fluids. 
Potassium occurs in abundance in foods and so there is no danger 
of potassium deficiency.

Functions of potassium
The important functions of potassium are: (1) Regulation 

of pH of cell contents, (2) Regulation of the osmotic pressure 
of cell contents and (3) Potassium ion increases the relaxation 
of heart muscle which is antogonised by Ca ion.

Potassium deficiency and excess
Potassium deficiency causes weakness and muscular parajysis. 

In animals, hypertrophy of the heart has been observed.



Consumption of excessive amounts of potassium causes muscular 
weakness and apathy—symptoms similar to those of potassium 
deficiency.

Potassium content o f foods
Data regarding the potassium content of foods are given in 

Table 3A in Appendix.

IRON
The total iron content of the normal adult man (70 kg wt) 

is estimated to be about 4-5 g. A greater part of the iron in the 
body is present as haemoglohin. Most of the body iron exists 
in complex forms bound to protein cither as porphyrin or heme 
compounds or as ferritin and transferrin. Free inorganic iron 
occurs in the body only in very small amounts. The hemo 
protein and flavo-protein enzymes also contain iron.

Some compounds of biological importance containing iron 
are given below:

(i) Iron porphyrin {heme) compounds: Blood haemoglobin, 
Mvoglobin (in muscle).

{ii) Heine enzymes: hlitochondrial cytochromes, Microsomal 
cytochrome. Catalase, Peroxidase.

{Hi) Flavin-enzymes: Succinic dehydrogenase, Xanthine 
oxidase, DPNM-Cytochrome C reductase, Iron chelate enzvme 
aconitase, and ^

{iv) Transport and storage of iron: Transferrin (2 Fe-|- 
globulin), Ferritin [4 (FeOOH)n+globulinJ, Flemosiderin (Ferric 
hydroxide+ hhn-nitrogenous compound). '

Iron m etabolism
In monogastric species, it is known that iron is absorbed 

principally in the ferrous state in the duodenum. In the rat and 
dog, ferric salts have been shown to be as well utilised as ferrous 
salts indicating that gastro-intestinal conditions in these animals 
are favourable to reduction of ferric iron. In man, on the other 
hand, ferrous salts have been shown to be more effective for 
haemoglobin formation than ferric salts. Iron absorption is 
reduced by the presence of phytate, oxalates and excessive amounts



of inorganic phosphate. The rate of absorption of iron is also 
affected by the magnitude of iron store in the body and tire rate 
of erythropoiesis. About 2-20 per cent of an oral dose of radio­
active iron is absorbed in normal subjects, compared with 20-60 
per cent in iron deficiency anaemia, the percentage absorption 
falling as the intake is increased.

Storage of iron
The storage of iriin in the body occurs predominantly in the 

liver in the form of the two non-hemecompounds, ferritin and 
hemosiderin. Ferritin is a iron protein compound containing 
about 20 per cent iron. Iron stored as hemosiderin is not 
available to the body.

Blood iron
Iron occurs in blood as haemoglobin in the RBC and as 

transferrin in plasma in the ratio of nearly 1000 to 1. Trans­
ferrin (also known as siderophilin) is a globulin which binds 2 
atoms of ferric iron per molecule and appears to be the main 
carrier of iron.

Excretion
The iron present in the faeces consists mainly of unabsorbed 

food iron. True excretory iron is estimated to be 0.3-0.5 mg/day, 
by radio active iron technique. This is derived from bile and 
desquamated mucosal cells. The amount of iron eliminated 
in the urine of normal human adults may vary from 0.1 to 0.3 
mg/'day. There is a continuous dermal loss of iron in the sweat, 
hair, nails etc. ‘Cell rich’ sweat may contain 1.15 to 1.61 mg Fe/ 
litre while ‘cell free’ sweat may contain 0.34 to 0.44 mg Fe/litre 
in healthy men and women. In anaemic women, the ‘cell rich’ 
sweat contains 0.44 mg Fe/litre and ‘cell-free’ sweat contains no

Iron deficiency anaemi^i—^
' Iron deficiency anaemia is widely prevalent among children, 

adolescent girls and expectant and nursing mothers in all develop­
ing countries."^



Sig)is and symptoms of anaemia: The clinical features are 
the results of diminished oxygen carrying power of the blood due 
to low haemoglobin content (5 to 9g./100 ml. blood).

Women oj child bearing age: The clinical features are general 
fatigiu; and lassitude, breathlessness on exertion, giddiness and 
pallor of the skin. In severe cases, there may be some oedema 
of the ankles. The haemoglobin levels commonly range between 
5 and 9g/100ml. blood (normal 13-15 g/19() ml) and the RBC 
count (3-4.5 million per cumm).

Weaned infants and young children : Iron deficiency anaemia is 
widely prevalent among weaned infants and young children in 
India and other developing countries. The haemoglobin levels 
in severe and moderately severe anaemic cases, may range from 
5-9 g/100 ml. The children are dull, and inactive and show pallor 
of the skin. The appetite is poor and growth and development of 
children are retarded due to low food intake. There is a tendency 
for children below 3 years to eat mud.

Treatment: Anaemic women should receive ferrous sulphate 
tablets (0.2 g) 3 times a day. For a child of below 12 months a 
mixture containing 0.2 g. ferrous ammonium citrate sweetened 
with glycerine three times a day and for childi'cn 1-5 vears 0.4 
to 0.9 g. of ferrous ammonium citrate in the form of mixture will 
be effective in curing the anaemia. The treatment should be 
continued for a few months till the haemoglobin is restored 
to normal level. '

Disorders o f iron m etabolism
Three types of disorders of iron metabolism are known (1) 

Siderosis (2) Nutritional siderosis and (3) Ilaemochromatosis.
Siderosis: This term is used to describe the presence of excess 

of iron in the body as demonstrated by the presence of haemo- 
siderin in the tissues. Iron stored in this form is not available to 
the body.

Nutritional siderosis: This disorder has been observed 
among Bantus in South Africa. Bantus cook their food in large 
iron pots and the daily iron intake may be as high as 100 mg. 
or more. The absorption of iron also appears to be high leading 
to the development of nutritional siderosis. Examination of the



livers of Bantus who died of accidents revealed the presence of 
large amounts of iron (more than 100 mg/100 g. fresh liver). Iron 
is also present in parench}'mal cells, Kupffer cells and portal tracts.

Haemochromatosis: This is a rare disease in which excessive 
amounts of iron are absorbed from the intestinal tract. 'Die 
absorbed iron is deposited chiefly in the liver, spleen, pancreas, 
skin and several other organs, giving rise to various disorders 
including cirrhosis of the liver, diabetes mellitus and grey dis­
colouration of the skin.

Important dietary sources o f iron
Data regarding the iron content of foods are given in Table 

lA in Appendix and Table 10.7.

Table 10.7 I m p o r ta n t  s o u rc e s  o f  I ro n

Foodstuffs Iron
(mg/lOOg) Foodstuffs Iron

(mg/100g>

Cereals 2.0-8.8 Green leafy vegetables: 3.9-21.4
Bajra 8.8 A m aranthus, tender . 21.4
Barley 3.7 C oriander 10 0
C holam 6.2 D rum stick 7.0
M aiz^, Yellow 2.1 M int 1.'̂ .6
O at meal 3.8 R adish leaves 4.8
Ragi 5.4 sp in ach 5.0
Rice, parbo iled  m illed 3.7
Rice, raw m illed 2.8 M eat and fish  and eggs: 2.1-6.3

Egg 2.1
Leguvies: 3.8-11.3 F ish 2.3

B engalgram  dhal 8.9 L iver, goat 6.3
Blackgram  dhal 9.8 M u tto n , goat 2.5
Cow gram 3.8

N uts and oilseeds: 1.7-10.5-
Field  bean, dry 5.0
G reen  gram  dhal 8.4 Cashew n u t 5.0

R edgram  dhal 8.8 G ro u n d n u t 1.7

Soybean 11.3 Sesam e seeds 10.5

Miscellaneous foods:
Jaggery 11.4

Cereals are the most important sources of iron in the diets of 
a large majority of the population in India and other developing 
countries. Other important sources are legumes, green leafy



vegetables and jaggery. Meat, fish and eggs are important sources 
of iron in all advanced countries. Milk is a poor source of iron.

Requirements
Iron requirements are influenced bv the availability of iron 

present in foods. Iron present in cereals, legumes and green 
leafy vegetables is available to a lesser extent (due to the presence 
of phytates and oxalates) than that present in eggs, meat and fish. 
In view of this, iron requirements of persons consuming a pre­
dominantly cereal based diet, will be greater than those consuming 
large quantities of meat and eggs. Iron requirements suggested 
by different Expert Groups arc given in Table 10.8.

Table 10.8 R e c o m m e n d e d  a llo w a n c e s  fo r I ro n  (m g /d a y /c a p u t)

Age groups
I.C .M .R .

E x p ert
G roup
a '6 8 )

N .R .C .
(U .S .A .)

(1968)

E xpert
G roup
(U .K .)
(1969)

B irth  to 1 year 1 m g/kg 6-15 6
’1-5 years 15-20 15 7-8
^>-12 years 15-20 10 10-13
13-18 yea rs: Boys 25 18 15

G irls 35 18 1 5
iMan 20 10 in
W om an 30 IS 20

,, P repnancy 40 IS 15
,, L acta tion 30 18 15

TRACE ELEMENTS
Many elements occur in tissues and foodstuffs in small 

amounts i.e., in traces. Hence these elements have been termed 
‘Trace Elements’. The important trace elements are copper, 
iodine, zinc, cobalt, manganese, molybdenum, fluorine, selenium, 
nickel, cliromium, cadmium, silicon, vanadium and strontium.

COPPER
The first conclusive evidence, that copper is an essential 

element for the formation of haemoglobin in rats suffering



from iron deficiency anaemia emerged from the studies of Hart 
and co-workers in 1928. Later studies have indicated that 
copper is a constituent of several enzymes and is found as a 
complex with some proteins in blood.

Distribution o f copper in the body
The healthy human adult body contains about 100-150 mg. 

of copper. Copper present in the blood exists in the form of 
copper protein complcx-//acwo«//'n« in red blood cells and 
ceruloplasmin in plasma.

Copper m etabolism
Numerous studies with stable and radio-active copper 

emphasize the poor absorption of ingested copper in all species 
investigated. Only about 3-10 per cent of the copper in ordinary 
diets appear to be absorbed and retained by the body. The 
absorbed copper is transported in the blood plasma loosely 
bound to a plasma protein, probably serum albumin from which 
it is transported to different tissues. Copper is stored in the liver 
and other tissues and released for the formation of copper con­
taining enzymes, and such compounds as haemocuprin and ceru­
loplasmin. Copper is excreted in the bile into the intestinal 
tract. Copper administered by injection is better retained in the 
body than orally administered copper. The biliary system is the 
major pathway of copper excretion in man and several animals.

Blood copper levels
The copper content of normal human whole blood ranges 

from 0.5 to 1.5 mg/litre and of plasma 0.7 to 1.6 mg/litre. Plasma 
levels are not changed as a result of ingestion of copper or during 
fasting. The plasma copper level increases in pregnancy. 
Low plasma copper levels are found in man in Wilson’s disease 
in which increased urinary excretion of copper has been observed. 
In Wilson’s disease, the ceruloplasmin content of plasma is 
also reduced (ceruloplasmin content in Wilson’s disease, 9 mg/100 
ml and in normal subjects 31 mg/100 ml).

Wilson's disease: 'Phis disease is associated with cirrhosis of 
the liver. The clinical symptoms include tremors as in 
paralysis, muscular weakness, difficulty in swallowing and speaking



and alteration of emotional balance. The cause of the disease 
is not known. Copper metabolism is affected in this disease. 
Only traces of copper are excreted in normal human urine (1 + 
to 22 /J.g/day) while in Wilson’s disease the excretion may be 
as high as 1500 Mg/dav. Xegligible amounts of copper are lost 
in the sweat. Some amount of copper is excreted in human milk 
(0.4 mg/day).

Effects o f copper deficiency
Animals: A wide variety of clinical disorders have been asso­

ciated with a dietary deficiency of copper in animals. These 
include anaemia, depressed growth, bone disorders, depigmenta­
tion of hair or wool, abnormal wool growth, neonatal ataxia and 
impaired reproductive performance.

Human beings: In human beings the only condition observed, 
is anaemia due to copper deficiency.

Copper in hum an nutrition
Anaemia produced in infants fed exclusively on milk can be 

cured only by giving copper salts along with iron. The estimates 
of average daily intakes in adult diets range from 2-3 mg. in U.S. 
and U.K. diets as compared with 4.5 to 5.8 mg. on Indian diets. 
The high intake in Indian diets may be due to contamination of 
copper from brass vessels used in cooking. Copper dellciencv is 
likely to occur only in infants fed exclusively on milk diet.

Copper content o f foods
Data regarding the copper content of foods are given in 

Table 3A in Appendix.

Requirements
The copper requirements are given below;

mg/day/caput 
Adults 2
Pregnancy 3
Lactating 3
Infants (1-12 months) 0.5-1.0 
Children 2
Adolescents 3
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IODINE
Iodine is a constituent of thyroxine, the active principle of 

the thyroid gland. The thyroid gland, weighing about 25 g. 
in a normal adult, contains only about 10 mg. of iodine. The 
adult body as a whole contains about 50 mg. of iodine. The thyroid 
gland plays an Important part in energy metabolism and in the 
growth of the body.

Food sources o f iodine
Iodine is present only in small amounts in common foods, 

the quantity of iodine present depending on the iodine content 
of the soil. The soil ol mountainous regions usually contains less 
iodine than the soil of the plains near the sea. Crude common salt 
prepared from sea water and sea fish are good sources of iodine.

Iodine requirem ents
Iodine requirements for- adults are about 0.15 to 0.2 mg. 

daily. This is normally supplied by an ordinary well-balanced 
diets and by drinking water except in mountainous regions where 
the food and water are deficient in iodine. The iodine require- 
.ments ofdifferentage groups are given in Table 16.2 in Chapter 16.

Iodine deficiency in hum an beings
If sufficient iodine is not taken in the diet, enlargement of the 

thyroid takes place, resulting in the disease called goitre. The 
thyroid gland of the adult which normall}' v/eighs about 25 g. 
may weigh as much as 200 to 500 g. or even Titore in goitre. 
Elistological examination shows diffuse overgrowth of the glandu­
lar tissue, known as general hyperplasia of the glands. The 
vesicles contain little or no colloid. (Plate XI). If treatment with 
iodine is started very early the thyroid may become normal. 
But if treatment is delayed, the enlargement of the gland persists. 
In children, severe iodine deficiency may result in serious retarda­
tion of growth. This condition is known as cretinism.

Incidence and prevention of goitre
A survey of the incidence of goitre in different parts of the 

world shows that the disease is related to deficiency of iodine

I



in the water and food. Goitre commonly occurs among people 
living in mountainous regions. In India, goitre occurs in the 
hilly districts along the foot oi the Himalayas e.g., in Kashmir, 
Kangra Valley etc., Goitre can be prevented by the regular use 
of iodised salt (1 g. of sodium iodatc being added to 100,000 g. 
of common salt). By the use of iodised salt, goitre has been 
prevented in countries such as Switzerland, U.S.A. India etc. 
(Chapter 2. Vol, II).

Goitrogenic substances in foods
There is evidence indicating many foods such as cabbage, 

cauliflower and radish contain substances which react with the 
iodine present in the food and make it unavailable. Consumption 
of large quantities of these foods leads to the development of goitre 
by making the iodine present in the food not available to the body. 
These substances are known as 'goitrogenic’ substances. The 
chemical nature of these substances is discussed in Chapter 3 
(Volume II).

ZINC
The importance of zinc for the growth and well-being of the 

albino rat was demonstrated bv Todd et al., in 1934. This was 
confirmed by other workers for mice and birds. In 1939, Keilin 
and Mann showed that zinc is a constituent of the enzyme carbonic 
anhydrase. Since that time, zinc has also been found in some 
other enzymes. It is also found in insulin.

Occurrence in the bodyr

The whole body of a normal man weighing 70 kg. may" contain 
1.4 to 2.3 g. of zinc. Zinc is present in small amounts in ail tissues. 
Bones, teeth and pancreas contain slightly higher amounts than 
other tissues. Whole blood contains about 0.7 mg./100 ml. 
and blood serum or plasma 0.1 mg/100 ml. j

M etabolism
Studies in rats using radio-active isotope of zinc showed that 

only 3-10 per cent of dietary zinc was absorbed. Phvtic acid 
interferes in the absorption of zinc. Zinc, wlvether taken by 
oral route or by injection, leaves the body largely through the



faeces. Faecal zinc consists largely of unabsorbed dietary zinc 
with a small proportion of zinc alisorbed and secreted in the intes­
tines through pancreatic juice and bile. Very little zinc is found 
in the urine.

Functions
The important functions are as follows: (1) Zinc is a constitu­

ent of the enzyme, carbonic anhydrase present in R.B.C. and sto­
mach walls. (2) It is a constituent of insulin—the hormone pre­
sent in the Islets of Langerhans of pancreas and (3) It is a 
constituent of several other enz)nnes viz. carboxypeptidase,. 
alkaline phosphatase etc.

D eficiency
Zinc deficiency has been experimentally produced in rats. 

The signs and symptoms include (1) retardation or failure of growth
(2) alopecia (loss of hair) accompanied by gross epithelial, 
especially cutaneous lesions and (3) dermatitis, scaling and crack­
ing of the paws. Histological studies revealed a condition of 
parakeratosis i.e. hyperkeratinisation of the epitlielial cells of the 
skin. In chicks, in addition to the above symptoms, shortening 
and thickening of long bones are observed. Zinc deficiency in 
the diet has been reported to be the cause of anaemia, growth 
retardation and delayed genital maturation (‘Dwarfism’) in 
children in Middle East countries. Zinc deficiency does not 
occur in other countries.

Hum an requirements
Normal well balanced diets contain about 10-15 mg. zinc. 

Human requirements are not known.

MANGANESE
Nutritional importance of manganese was discovered in 

1936-37, when Norris and co-workers and Lyons and Insko 
reported the development of ‘slipped tendon’ and nutritional 
chondrodystrophy in poultry fed on manganese free diet. 
Recent studies of Hurley and Everson and their associates, (1961) 
have thrown more liglrt on the relation of manganese to growth, 
skeletal development, reproduction and the functioning of central 
nervous system.



Occurrence in the body
The body of a normal man weighing 70 kg. contains about 

12-20 mg. manganese. It is distributed tliroughout the body 
tissues and fluids. The following tissues viz., bone, kidney, liver, 
pancreas and pituitary contain more manganese than other tissues. 
The manganese content of human blood is very low-2 to 3 
microgram/100ml.

M anganese m etabolism
Only 3-4 per cent of the Mn present in the diet is absorbed, 

the remaining being excreted in the faeces. The urine contains 
only traces of manganese.

M anganese deficiency in anim als
Manganese deficiency has been produced experimentally bv 

feeding on diets low in Ain The most important effects 
observed are, impaired growth, skeletal abnormalities, depressed 
reproductive function, and ataxia of the new born.

Manganese and bone gro'ioth: Skeletal abnormalities ranging 
from gross and crippling deformities to mild and generalised 
rarefaction of bone, occur in all species, depending on the degree 
and duration of manganese deficiency.

Manganese and reproductive function: In manganese deficienev, 
the animals give birth to young ones which develop ataxia. In 
a more severe stage of deficiency, sterilitv results. In poultrv. 
lowered egg production and decreased hatchability are obscr\-ed 
even in mild manganese deficiency.

Lipotropic action of manganese: The livers on manganese 
deficient rats contain excessive amounts of fat. This fat accumu­
lation is prevented either by manganese or choline.

Manganese and enzyme activity: Liver arginase activity and 
alkaline phosphatase activity of blood and bone are significantlv 
reduced in manganese deficiency.

M anganese in hum an nutrition
Clinical signs and symptoms due to manganese deficienev 

has not so far been reported in man. Diets normrdlv consumed 
in different countries appear to contain enough manganese.



COBALT
The first conclusive evidence that cobalt is a dietary essential 

came in 1935 from work done in Australia on certain debilitating 
diseases of sheep and cattle known locally as ‘coast disease’ and 
‘wasting disease’. Addition of small amounts of cobalt to the diet 
prevented the diseases. In 1948, it was shown that vitamin Bjj 
contained cobalt. Later it was found that cobalt deficiency in 
ruminants can be cured by injecting vitamin Bjj.

Distribution in the body
Cobalt occurs in small amounts in all tissues, highest concen­

trations occurring in liver and kidneys. Most of the cobalt is 
present in vitamin B,,.

Cobalt m etabolism
Cobalt present in the diet is absorbed to the extent of 70-80 

percentandabout half the absorbed cobalt is excreted in the urine. 
The excretion in the faeces is 20-30 per cent of the intake.

Cobalt in ruminant nutrition
Sheep and cattle fed on fodder grown in some regions in 

Australia and New Zealand developed severe anaemia and w^asting 
of muscles and died. The diseases are knowm as ‘pining’ ‘salt- 
sick’, ‘bush-sickness’, ‘wasting disease’ or ‘coast disease’. 
Supplementation of the feed with small amounts of cobalt cures 
and prevents the diseases. The deficiency can also be cured by 
injection of vitamin Bĵ .

Cobalt requirements
Daily supplements of 0.1-0.2 mg. cobalt for sheep and 0.3 

to 1.0 mg. cobalt for cattle prevent the deficiency and keep the 
animals in good health.

Cobalt and vitam in S,, in ruminants
The mode of action of cobalt in preventing the deficiency 

disease in ruminants is through the production of vitamin B̂  ̂
by the rumen microorganisms. In the absence of cobalt, vitamin



is not synthesised. The fact that cobalt deficiency can be 
cured by the injection of vitamin indicates, cobalt acts by 
being incorporated in vitamin Bj,. Dietary cobalt, incorporated 
in vitamin Bĵ  synthesised by rumen organisms is available to the 
ruminants while that synthesised in the cecum and large intest­
ines cannot be absorbed. Ruminants synthesise their require­
ments of vitamin B 
synthesise vitamin 
vitamin.

while man and other animals cannot 
and need a dietary source of this

Cobalt requirem ents of man
Cobalt deficiency has not been observed in human beings. 

Cobalt requirements, if any, appear to be met by traces of cobalt 
found in foods. Human beings require a dietary source of vita­
min Bĵ2 ^nd cannot synthesise it in the body.

Cobalt toxicity
Cobalt administered in large amounts to animals or man is 

toxic. It causes a condition known as polycythemia i.e., increased 
number of R.B.C. in blood.

MOLYBDEXUAI
Attention was first directed to the importance of molybdenum 

in 1938 in England, when it was found that severe diarrhoea- 
‘teart’ in cattle was the result of intake of excessive amounts of 
molybdenum from the herbage. Interest in the biological signific­
ance of molybdenum received a further stimulus from the dis­
covery that the flavoprotein enzyme, xanthine oxidase contained 
molybdenum.

O ccurrence in anim al and hum an tissues
Small amounts of molybdenum are present in all tissues. Liver 

and kidney contain larger amounts than other tissues.

Absorption and excretion
About 50 to 70 per cent of the intake is absorbed and half the 

absorbed molybdenum is excreted in urine.



M olybdenum and xanthine oxidase o f tissues
The need for dietary jnolylidenuin for maintaining the xan­

thine oxidase levels in the tissues of rats was established by some 
workers.

M olybdenum toxicity
Consumption of pasture rich in molybdenum in certain parts 

of U.K., California and New Zealand has been reported to cause 
severe diarrhoea and ill health in cattle known as heart’ or ‘peat 
scours’. This is cured by the administration of fairly large doses 
of copper salts. High molybdenum intakes by rats are accom­
panied by the loss of body weight often with marked anorexia. 
Changes in the connective tissues occur.

M olybdenum-copper relationship
The diarrhoea caused in cattle by the consumption of forage 

rich in molybdenum can be cured by the administration of copper 
salts. It has been reported that molybdenum decreases the 
retention of copper in cattle.

Dietary sources
Pulses, cereal grains and some green leafy vegetables are good 

sources. Other vegetables and fruits are poor sources. Liver 
and kidney are good sources.

Hum an requirements
The average diets provide adequate amounts of molybdenum. 

The exact requirements are, however, not known.

FLUORINE
Interest in the importance of fluorine in nutrition was created 

by the discovery of high incidence of chronic endemic fluorosis 
in man and farm animals in 1931 in certain parts of India. (Shortt 
et al. 1937). An association between fluorine deficiency and dental 
caries in rats was reported in 1925 by McCollum and co­
workers.



Fluorine and dental caries
Studies Idv several workers liâ  e shown that the incidence of 

dental caries in animals is high on a fluorine deficient diet and 
incorporation of fluorine at a level of 1-2 ppm. in the diet, pre- 
c'cnted the disease. Surr'cys carried out on the incidence of 
dental caries in luiman beings have \ ielded tlie following results
(1) d'he incidence of dental caries in children is high in areas n here 
the drinking water contained less than 0.5 ppm. fluorine and was 
low in areas where the water contained 1-2 ppm. fluorine and
(2) Addition of fluorine to drinking water at a level of 1 ppm. 
brought about a significant reduction in the incidence of dental 
caries.

Toxic effects of excess of Fluorine

Fluorosis in man: Dental fluorosis [Mottled enamel)
In many parts of the world wltere the drinking water contains 

excessive amounts of fluorine (3-5 ppm.) signs and svmptoms 
of dental fluorosis have been observed. The enamel of the teeth 
loses its lustre and becomes rough. Chalky white patches with 
a secondarv infiltration of yellow or brown staining are found 
irregularlv over the surface of the teeth. IT e enamel is structur- 
allv weak and in severe cases there is marked loss of enamel 
accompanied by ‘pitting’ which gives the tooth surface a corroded 
appearance.

Skeletal fluorosis
Chronic fluorine intoxication through drinking water contain­

ing excessive amounts of fluorine (over 10 ppm.) or among 
workers handling fluoride containing minerals, results in patho­
logical changes in bones. There is (sclerosis) increased density 
and hypercalcification of the bone of the spine, pelvis and limbs. 
In addition, the ligaments of the spine become calcified, produc­
ing a ‘poker back’. It is possible that collagen in the bone is 
calcified. There may also be ossification of the tendinous inser­
tions of muscles. Neurological disturbances secondarv to the

Such persons arechanges in the A ertebral column are common.
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crippled and cannot perform simple daily tasks, such as bending, 
squatting etc., as the joints become stiif (Plate XII).

Prevention of toxic fluorosis
Toxic fluorosis can be prevented only by removing fluorine 

from the water supplies by treatment with activated carbon or 
by some other suitable adsorbents.

Requirements
Fluorine is found in small aniounts in normal bones and 

teeth. Since water containing 1-2 ppm. prevents dental caries 
and does not do any harm, the fluorine requirements of the body 
are met by the quantity normally present in drinking water 
(1-2 ppm.) in most of the regions.

SELENIUM
Selenium was shown to be toxic to animals as early as 1842, but 

nearly a century passed before two naturally occurring diseases 
of livestock, known as 'alkali disease' and 'blind staggers’ were 
identiiied as manifestationsof chronic and acute selenium poisoning 
respectively. Schwartz and Foltz in 1957 discovered that necrosis 
of liver in rats produced by feeding on diets based on torula yeast 
can be prevented b}’ minute quantities of selenium salts. They 
also discovered that selenium was present in organic combination 
termed by them as ‘factor 3’ in brewer’s yeast and liver which can 
prevent necrosis of liver. Later, some w'orkers demonstrated 
that this element is necessary in small amounts for promoting 
growth and maintaining good health in chicks.

Effects of selenium  deficiency in anim als
The following effects of selenium deficiency have been obsen-ed 

in animals.
Necrosis of liver: Feeding rats on s}mthetic diets based on 

torula yeast and low in cystine and vitamin E produces necrosis 
of the liver which has been prevented by supplements of minute 
anaounts of selenium.

Muscular dystrophy: Muscular dystrophy is a degenernti\'e 
disease of the muscles which occurs in animals. It has been



reported to occur in calves and lambs in manv countries. Studies 
carried out in Scotland have shown that the disease can be pre­
vented bv injection of 15 mg. of selenium at birth or 5 mg. 
selenium in everv 4 weeks.

Exudative diathesis in chicks. Chicks fed selenium deficient 
diets fail to grow and develop a diseased condition known as 
exudative diathesis.

Selenium  and vitam in E
Selenium and vitamin E are both essential for curing certain 

diseased states in experimental animals mentioned below (1) 
li\ er necrosis in rats and pigs (2) exudative diathesis in birds and
(3) muscular dystrophy in cattle.

Selenium dejicicncy in the presence of vitamin E: When 
animals are provided with adequate amounts of vitamin E, selenium 
deficiency causes the following signs and svmptoms: (1) rats— 
retardation of growth and muscular wasting and (2) chicks: 
retardation of growth and fertilitv. Selenium is thus an essential 
trace element which has close metabolic relationship with vita­
min E.

Toxic effects of excessive amounts of seleninin: Selenium 
poisoning in cattle due to consumption of fodder containing 
excessi\-e amounts of selenium has been reported in different 
countries.

Chronic poisoning: The disease known as ‘alkali disease’ 
results from chronic selenium poisoning. The signs and symp­
toms of ‘alkali disease’ are dullness, lack of vitality, emaciation, 
roughness of coat, loss of hair from the bodv and tail, soreness 
and sloughing of the hoofs, stiffness and lameness, cirrhosis of 
the liver and anaemia.

Acute poisoning: In the final stages of acute selenium poison­
ing (‘blind staggers’) tlie affected animals suifer from salivation, 
grating of teeth, paralysis and blindness. Death often results 
from respiratory failure.

Requirements
Requirements are not known. Average diets contain adequate 

amounts of selenium.



NICKEL
Nickel occurs in traces in human and animal tissues. The 

essential nature of nickel has been demonstrated for the chick. 
(Nielsen, 1970).

N ickel content o f tissues and blood
Nickel is not accumulated in the tissues with age. The mean 

nickel contents of tissues are as follows; small intestines, 2; blad­
der, 0.5; lung, muscle and heart, 0.4 and liver 0.12 ppm. on wet 
tissue basis. The nickel content in human plasma is 0.06 ppm.

M etabolism
Studies carried out in U.S..4. have shown that adults excrete 

about 30 /<g Ni/litre in urine on normal diets. Studies with 
radioactive nickel (63j,j|) in mice showed that 61 per cent of a 
single injection of the salt was excreted in urine in 3 days and 60 
per cent in faeces. 'The radio activity completely disappeared 
from blood after 48 hrs. Only kidney contained significant 
amounts of 63^j.

Biochem ical role
Nickel activates several enzyme systems, including arginase, 

carboxylase, trvpsin and acetyl coenzyme A synthetase. It is 
also found in traces in RNA.

D eficiency in anim als
Albino rats fed on a nickel deficient diet, do not show' any 

growth retardation or any other deficiency signs. Chicks 
maintained on a nickel deficient diet developed within 3 weeks 
the following signs of deficiency:— Bright orange colour of leg 
instead of pale yellow brown, slightly enlarged hocks, legs slightly 
thickened and edematous type of dermatitis of the skin. None 
of these abnormalities developed in the control group receiving 
the same diet supplemented with nickel at 4 ppm.

Toxicity
The toxicity of nickel varies wfith the animal species. Albino 

rats grew at a normal rate on diets containing 250-1000 ppm.



nickel. Adult monkeys remained in good health on similar 
diets. Chicks, however showed toxic symptoms on diets 
containing 750 ppm nickel, such as gro^ •̂th depression, reduction 
in food intake etc.

Requirements
Human requirements are not known.

CHROMIUM
Chromium occurs in traces in human and animal tissues. 

Recent studies have shown that chromium may be a co-factor 
for insulin.

Occurrence in tissues and blood
The chromium content of an adult human body is estimated 

to be 6 mg. Most adult tissues contain 0.02 to 0.4 ppm. of 
chromium on dry basis. The blood contains about 0.009 to 
0.055 ppm.

M etabolism
Absorbed or injected chromium is excreted mainly in the 

urine, with small amounts being lost in bile and faeces. Tissue 
uptake is quite rapid and plasma is cleared of a dose of '’‘Cr 
within 3 or 4 davs. The bones, spleen, testis, and epididvmis 
retained more °'Cr after 4 days than the heart, lungs, pancreas 
or brain. Chromium is mobilised from the tissues in response 
to glucose administration.

Deficiency
Chromium deficiency is characterised by impaired growtii 

and disturbances in glucose, lipid and protein metabolism. 
Rats fed on diets low in protein and in chromiuni (less than 0.1 
ppm Cr) developed corneal opacitv. Chromium supplementation 
prevented the opacity.

Biochem ical functions
Chromium plays an important role in carboh\'drate, lipid 

and protein metabolism. These arc briefly discussed below:



Carbohydrate metabolism: In 1959, Schwarz and Mertz showed 
that Cr (111) (trivalent chromium) cured the impaired glucose 
tolerance observed in rats on chromium deficient diet. Later, 
Schroeder induced severe chromium deficiency in rats and the 
animals developed a syndrome resembling diabetes mellitus. It 
was rapidly cured when 5 ppm of C r(l 11) was supplied in drinking 
water. Cr (111) has also been reported to be effective in improv­
ing glucose tolerance in some patients suffering from diabetes 
mellitus while it was not effective in few others.

Lipid metabolism: The serum cholesterol level was raised 
in rats fed on chromium deficient diet. Addition of 5 ppm of 
Cr (111) in drinking water brought the cholesterol level to normal.

Protein synthesis: In rats fed diets deficient in chromium 
and protein, the capacity for the incorporation of certain amino 
acids in heart muscle was reduced.

Chromium toxicity
Oral administration of excessive amounts (50 ppm) of Cr (111) 

has been reported to produce growth depression and liver and 
kidney damages in some experimental animals.

Requirem ents
The exact requirements are not known, 

appear to meet the chromium requirements.
Average diets

CADMIUM
Cadmium occurs in small quantities in animal and human 

tissues and foodstuffs. The importance of cadmium as a trace 
element is due to recent observations on the possible relation of 
cadmium excess to hypertension in human beings and its inter­
actions w'ith zinc and other trace elements.

Cadmium content o f tissues and blood
The cadmium content of an adult human body is about 30 mg 

of which 10 mg occurs in the kidney and 4_jrig. in the liver. 
Cadmium is virtually absent from the kidney of the new born. 
It accumulates in this organ as age advances. Adult human



blood contains about 0.7 ppm on an average. The mean 
excretion in the urine of adults is about 13 /'.g'litre. The 
mean cadmium content of cow’s milk is about 15 f<g litre.

M etabolism
On a dailv intake of 200 /j-g cadmium bv an adult man, 

about 40 ftg appears in the urine, 2 to 4 f-g are retained and the 
rest is excreted in the faeces. Excess of .zinc and copper interferes 
with absorption of cadmium and rice versa.

Toxicity
Cadmium when fed at 100 ppm level reduced weight 

gain in rats. Rabbits fed cadmium developed hyperplastic 
bone marrow and hvpochromic microcytic anaemia similar to 
thai produced by iron deficiency.

Cadmium and hypertension
When 5 ppm cadmium was included in drinking water, a 

pn)gressively increasing incidence of systolic hypertension 
deeeloped in rats after 1 year. The hypertension can be 
rev rsed by injecting a chelating agent (trans-cyclohexane— 1,2 
diauiine-tetraacetic acid). It depleted renal and hepatic cadmium 
and rcpleted renal and hepatic zinc. The pathological changes 
associated with cadmium hypertension in rats, included renal 
arterial and arterioralar lesions and glomerular changes.

Cadm ium  and reproduction
Cadmium in excess causes injurious effects on the testes of 

male rats. Massive hemorrhagic necrosis occurred in the non­
ovulating ovaries of voung rats. Injection of cadmium salts into 
pregnant rats resulted in complete destruction of the pars fetalis of 
the placenta.

Requirements
The requirements of cadmium for human beings are not 

known. Available data would indicate that most of the diets 
contain liberal amounts of cadmium and cadmium deficiency is not 
likely to occur.



VANADIUM
Vanadium occurs in traces in human and animal tissues. Recent 

studies have indicated of a possible relationship between vanadium 
and dental caries and vanadium and cholesterol synthesis.

Vanadium content o f anim al and hum an tissues
The body of an adult man has been estimated to contain about 

10-25 mg of vanadium most of which is present in the bones, 
teeth and body fat.

M etabolism
Only a small percentage (less than 1 per cent) of the dietary 

vanadium is absorbed. About 60 per cent of the absorbed 
vanadium was excreted in the urine, the remaining being retained 
in bone, teeth, liver and body fat.

Vanadium and dental caries
Vanadium occurs in enamel and dentin. Experiments with 

animals have, however, yielded conflicting results regarding the 
value of vanadium salts in preventing dental caries.

Vanadium and cholesterol synthesis
Vanadium inhibits synthesis of cholesterol from acetate as 

well as from mevalonic acid but not from squalene.

Vanadium toxicity
Vanadium fed as sodium vanadate at 25 ppm showed toxic 

effects such as depression in growth etc. At intakes of 50 ppm, 
the animals developed diarrhoea and mortality increased.

Requirements
The human requirements of vanadium are not known. 

SILICON
Silicon occurs in small amounts in animal and human tissues. 

Recent studies have indicated the possible role of silicon in 
bone calcification and in the development of urolithiasis.



Silicon content o f anim al tissues
The silicon content of human foetal tissues ranges from 40-400 

ppm as Sio, (on dry basis) while in adult human tissue, the values 
range from 30-1000 ppm. The silicon content of blood in man 
and animals ranges from 2-3 /(̂ g/ml. as Sio„.

M etabolism
Silicon enters the alimentary tract from the food as monosilicic 

acid and as solid silica. Onlv a small part i.e. less than 1 per 
cent is absorbed. A greater part of absorbed silica is excreted in 
urine. Small amounts are stored in various tissues.

Silicon and bone calcification
There is evidence that silicon is associated with calcium in 

the mineralisation process of bones.

Silicon and Urolithiasis
Normally the silicon present in urine is in soluble form. 

Under some circumstances, a part of the silicon is deposited in tiic 
kidney, bladder, or urethra to form calculi or uroliths. When the 
calculi is large, they block the urine passage. Silica urolithiasis is 
a serious problem among some animals in Australia, Canada and 
U.S.A.

STRONTIUM
Strontium is present in small amounts in foodstuffs and 

animal and human tissues and bones. In view of the fact that 
*®Sr is an abundant and potentially dangerous radio-active 
element of nuclear fission, there is a possibility of ®®Sr being 
absorbed and deposited in the bone.

Strontium content o f tissues
The following mean values have been reported for the stron­

tium content of adult human organs: muscle, 0.07; liver 0.10; 
brain 0,12; heart 0.15; kidney 0.35; lungs, 0,5 ppm of dry tissue. 
The bone ash of human adults contains from 0.016 to 0.024 per 
cent Sr.



M etabolism

Strontium is poorly absorbed and retained from the diet. 
About 80 per cent of the ingested Sr is lost in the faeces and about 
16-18 per cent of the ingested Sr is excreted in urine. Only 2 
to 3 per cent of the ingested Sr is retained in the body.

Functions o f strontium
In rats and guinea pigs fed on a strontium deficient diet, 

growth depression and impairment of the calcification of bone and 
teeth and higher incidence of carious teeth have been reported.
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THE COMPOSITION OF BLOOD AND 
CLASSIFICATION OF ANAEMIAS

Blood consists of a suspension of different types of cells 
(red blood cells, white blood corpuscles and platelets) in a fluid 
called plasma. It is primarily a medium for the carriage of oxygen, 
nutrient materials, hormones and anti-infective agents (e.g. 
antibodies) to the tissues and for the removal of carbon dioxide 
and other waste products from the tissues and their elimination 
from the body. The normal values for nutrients and other con­
stituents of blood are given in Tabic 5A in the Appendix.

The different constituents of blood are given below:

I. Cellular fraction (Volume: 45 per cent.)
Constituent cells:

1. Erythrocytes (5,000,000 per cumm)
2. Leukocytes (6,000 per cumm)
3. Platelets (250,000 per cumm)

II. Plasma fraction (Volume: 55 per cent.)
A. Non-diffusible constituents

1. Albumin
2. Globulins
3. Fibrinogen
4. Enzymes, lipids, etc.

B. Diffusible constituents.
1. Hormones, vitamins etc.
2. Anabolic constituents: glucose, amino acids, creatine, 

etc.
3. Electrolytes: Na"*", K+, Ca"*”, Mg^, Cl“ HCOj” ,

HPO, ITPO.'etc.
4. Catabolic products: urea, creatinine, uric acid etc.

NORMAL BLOOD STANDARDS
Blond vohme: The total volume of blood present in the adult 

is about 7 per cent of the body weight. .\n  adult body weighing 
about 70 kg. will contain about 5 litres of blood.



Plasma volume: The plasma volume is about 4.0 per cent 
of the body weight and is about 2.83 litres in an adult of 70 kg. 
It can be determined by the dye (Evan’s blue T 1824) method. 
This dye is bound to serum albumin and escapes only slowly 
from the capillaries. The degree of dilution of a known volume 
of the dye is measured.

Packed red cell volume and haemalocrit ratio: The relative 
volume of plasma and packed red blood corpuscles is determined 
by centrifuging heparinised blood in a graduated tube (haematocrit) 
and measuring the volume of packed red blood cells (which sedi­
ment below the plasma). The plasma volume is usually 53 ml. 
and red blood cell volume is 45 ml per 100 ml. blood and the 
haematocrit ratio is 45/55=0.82 in normal human beings.

Red blood cells (RBC): The RBC is a circular, non-nucleated 
byconcave disc. It is highly elastic and can undergo deformation 
while passing through minute capillaries. The average diameter 
of RBC in normal healthy subjects is 7.3 /r (Range 5.5 to 8.8 u-). 
The average red cell count in adult male is about 5.5 million 
and in the female is 4.8 million per mm®.

Haemoglobin: Haemoglobin consists of a protein globin united 
with the pigment haem. The mean haemoglobin content of blood 
in normal males is 15.8 g. and in normal females, 13.7 g. per 100 
ml. blood. Haem contains iron in the ferrous form. Iron 
content of haemoglobin is 0.340 per cent. 'Fhe molecular 
weight of haemoglobin is about 67,000. Under optimal condi­
tions, 1 g of haemoglobin can carry 1.34 ml of oxygen. The 
functions of haemoglobin are as follows; (f) It is essential for 
carrying oxygen {ii) It is essential for the transport of CO^ for­
med in the tissues, and (m) It plays an important part in the 
regulation of the reaction of blood. Haemoglobin readily com­
bines with carbon monoxide forming carboxy haemoglobin. 
When oxidised, it is converted into methemoglobin which contains 
iron in the ferric state.

Mean corpuscular volume: This is calculated as follows:
Volume of packed cell (ml) per litre of blood

]VICV=-------------- -̂-------------------------------------------
RBC in millions per mm'*

The value is expressed in cubic microns {iP). For example, 
if the packed cell volume is 450 ml. per litre and the red cell



count 5 million per mm ,̂ the mean corpuscular volume (the 
mean volume of RBC) is 450 '5 million=90/v'*. The normal range 
is 78-94 /T, Cells of normal volume are called normocytes. Cells 
having larger volumes are called macrocytes, and cells having 
smaller volumes arc called viicrocyfcs.

Average corpuscular haemoglobin content: This is calculated 
as follows:

Haemoglobin (u) per litre of blood 
RBC in millions per mm®

The average value is 29.54:2.5 pg 
(1 pg=picogram or micro micro-gram or 10' ’̂®g.)

Mean corpuscular haevioglohin concentration per cent: This is 
the cjuantity of haemoglobin expressed as a percentage of the 
packed cell volume.

Haemoglobin fg) per 100 ml. blood 
Packed cell volume (ml) per 1 00 ml. blood

For example, if the haemoglobin is 15 g. per 100 ml. and packed 
cell volume is 45 ml. then the mean corpuscular haemoglobin 
concentration per cent will be

15 ,
— X 100=33.3 g/100 ml cells.
45

The ax̂ erage value is 35±3 g'lOO ml. red blood cells. If the 
above value is in the normal range then the cell is normochromic. 
If it is below the normal range, then the cell is hypochromic (con­
tains less haemoglobin than rnmnal cells). larw values indicate 
that the individual is suffering from iron dehciency anaemia.

DEVELOPMENT OF RED BLOOD CELLS
The development of red blood cells after birth takes place 

in the red marrow. At birth all the bones are filled with red 
marrow. In the adult, red marrow is present only in vertebrae, 
sternum, ribs and bones of the skull and pelvis. All other bones 
contain only yellow marrow. The functions of the red marrow 
are as follows (/) Formation of red blood cells (//) Formation of 
granulocvtes and to a lesser extent of monoevtes and Ivmphocvtes 
[iii) Formation of blood platelets and {iv) Destruction of red blood



cells by macrophages which constitute part of the lining of the 
blood sinuses.

The stages of development of red blood cells (erythrocytes) 
are shown in Table 11.1.

Table 11.1 S tages o f  E rythropoiesis

Cell stage lil'itish terminology Am erican terminology Cell diameter

I Proerythroblast Alegaloblast 15-20/t
11 Early norm oblast Early  erythroblast 12-16ytt

111 Interm ediate  normoblast L a te  erythroblast 10-1 4m
IV Late  normoblast N orm oblas t 7-10m

Reticulocyte Reticulocyte —
Erythrocyte Erythrocyte 5.5-8.SM

Reticulocytes: In the new born, 2-6 per cent of the red cells 
in the circulation are reticulocytes. This level falls to about 1 
per cent during the first week and remains at this level throughout 
life. The reticulocyte count increases wherever red cells are 
formed rapidly as during hemolysis of blood due to drugs or during 
the treatment of pernicious anaemia with vitamin

Life span of RBC: Studies carried out with red cells tagged 
with radio active sodium chromate have shown that the full life 
span of red blood cells is 120 days. This means that destruction 
and formation of red blood cells are going on continuously.

Regulation of Erythropoiesis: The factors regulating erythro­
poiesis are briefly discussed below.

Erytliropoietin: There is evidence indicating that RBC forma­
tion is regulated by a humoral agent known as erythropoietin 
which has been isolated from plasma. Erythropoietin (also 
called haemopoietin or erythrocyte stimulating factor ESF) is a 
glycoprotein of low molecular weight produced by renal tissue.

Maturation factors: The maturation of nucleated red cells 
(er\Uhroblasts) require vitamin Bj, and folic acid.

Factors affecting haemoglobin formation: Iron, copper and 
protein are required for the formation of haemoglobin.

^Vitamins: In addition to folic acid and vitamin B̂ '̂ ascorbic 
add and pyrido.vin deficiencies have been reported to cause 
anaemia in animals.



ANAEMIAS
^\naem ia refers to the condition in which there is disturbance 

in the formation of haemoglobin or maturation of red blood cells 
or depression or destruction of the haemopoietic cells in the red 
marrow.) -

Anaemia may be broadly classified under three iieads (i} due 
to nutritional deficiency i.e., deficienc}' of iron, copper, folic .aoid 
and vitamin Bj, (ii) due to loss of blood or destruction of RBC 
(haemorrhage and haemolysis) and (Hi) due to depression ol the 
RBC forming tissues of red marrow due to toxins or exposure to 
X-rays etc. Anaemia may be further classified according to the 
size of the RBC as normocvtic, macrocvtic and microcytic and 
according to haemoglobin content of the cells e.g., orthochromic 
and hvpochromic. In practice, a combination of both exists in 
many cases. A comprehensive morphological classification of 
anaemia based on the above is given below:

(/) Macrocytic orthochromic: The cells are large in size but 
they contain enough haemoglobin, e.g., (a) pernicious anaemia 
due to vitamin Bj  ̂deficiency, {b) nutritional macrocytic anaemia 
due to folic acid deficiency (c) anaemia of pregnancy and 
(d) anaemia of sprue.

(;7) Alacrocytic hypochromic or dimorphic: This represents 
deficiency of iron and folic acid or vitamin B̂ , e.g.. Anaemia of 
pregnancy and malnutrition.

{iii) Nonnocytic orthochromic: Anaemia of malignancy and 
aplasia of bone marrow, anaemia of malaria, kala-azar and of acute 
haemolysis.

(i-v) Nonnocytic hypochromic: Anaemia of scurvy or thy­
roid deficiency and

(®) Microcytic hypochromic: This represents all types of iron 
deficiency anaemias.

I. ANAEMIAS DUE TO NUTRITIONAL DEFICIENCIES
The anaemias due to nutritional deficiencies are (/) Iron defi- 

cienev anaemia {ii) Folic acid deficiency anaemia (Nutritional 
niacrocytic anaemia) and {Hi) Pernicious anaemia due to vitamin 

deficiency.



Iron deficiency anaemia

Iron deficiency anaemia is by far the most common anaemia 
in all countries of the world. It occurs most commonly among 
pregnant and nursing women, infants, preschool children and 
adolescent girls.

Clinical features
The general clinical features are fatigue, lassitude, breathless­

ness on exertion, giddiness, dimness of vision, pallor of the skin, 
palpitation, anorexia and dyspepsia.

Blood picture: The haemoglobin content of the blood is low- 
generally below 10 g/100 ml. blood and red cell count between 
3 and 4.5 million per mnT.

Treatment
Women and adolescent girls: d'he treatment consists in the 

administration of ferrous sulphate tablets (200 mg. per tablet 
providing 60 mg. iron) three times a day for a period of 30 days 
till the haemoglobin returns to normal level followed by 1 tablet 
daily for 3 months.

infemts and preschool children: Mixtures providing iron salts 
should be administered three times a day so that the child receives 
daily 50 to 60 mg. of iron, till the haemoglobin level in blood 
increases to normal levels.

N utritional macrocytic anaemia

This is due to the deficiency of folic acid in the diet. It 
occurs commonly among preschool children suffering from pro­
tein-calorie malnutrition and pregnant women.

Blood picture
The red cell count is usually low-2-3 million per mm® and 

haemoglobin between 6-9 per cent in typical cases. The cells 
have larger diameter. Examination of bone marrow aspirate 
reveals the presence of characteristic megaloblasts, indicating 
that the maturation of red blood cells are affected in folic aci d 
deficiency.



Treatment
Adults: Folic acid 5 mg. orallv twice daily and ferrous sul­

phate tablets (200 mgj thrice daily sliould be administered for a 
month or longer till the blood picture returns to normal.

Preschool children: I'olic acid (1-2 mg) orally dail\y ferrous 
sulphate mixture to provide h mg. iron per kg bod}' weight elaily 
should be given for a period of one month or longer till the blood 
picture returns to normal.

Pernicious .anaemia

Pernicious anaemia is caused bv the lack of intrinsic factor in 
the stomach with the consecjuent failure in the absorption of 
vitamin 1!̂ ., from the intestines.

Diagnosis
The diagnosis can be made bv the e.xamination of blood, 

bone marrow aspirate and stomach acidity.
Blood: The RBC count is low-1.5-2.5 million per jnnv'*. 

The average cell diameter is above noni'ial indicating the I'nacro- 
cvtic nature of the cells. The haemoglobin content is also low 
(8-9 per cent).

Bone marru'.u: Microscopic examination of bone marrow 
aspirates indicates the presence of megaloblasts in large numbers.

Stomach: The gastric secretion is devoid of acid, pepsin and 
intrinsic factor.

Treatment
It is general practice to give 1000 ng of vitamin Bj„ intra­

muscularly twice a week in the first week followed bv 250 /-ig. 
every week for about 2 months. Subsequently a dose of 250 ng- 
once in every month for a few months will prevent recurrence.

II. . \ n a e :m l \ s d u e  t o  l o s s  o f  b l o o d  a n d

DESTRUCTION OF RED CELLS
A. Haemolytic ajiaemias: The causes of haemoh tic anaemias 

may be grouped as follows: (/) inherent hereditar}' defect in 
the red cells leading to rapiil haemolv sis e.g., familial haemolvtic



jaundice, sickle cell anaemia, Mediterranean anaemia (Cooley’s 
anaemia) (?7) due to action of haemolytic agents liberated by micro­
bial infections e.g., mahiria, kala-azar and haemolytic streptococcal 
infection or chemical poisons e.g., arsenic, sulphonamide etc., 
or snake venojn.

B. Loss of blood: Anaemias due to loss of blood occur 
due to hookworm infection or as a residt of haemorrhage.

C. Aplastic anaemia: (.'\nacmia due to de pression of bone 
marrow): This is caused by the failure of the regeneration of red 
cells in the red jnarrow caused by some toxins ' v toxic drugs or 
exposure to X-rays.

T he Wini'E Blood C orpuscles

The white blood corpuscles (leucocytes) are divided into three 
groups. The total normal W.B.C. count ranges from 4000-11,000 
per mm®.

{i) Granulocytes: These cells have diameter ranging from 
10-14 f!-. They have granules in the cytoplasm. They form about 
70 per cent of the total count. Thev consist of three types of cells 
(neutrophils 50-70 per cent; eosinophils 1-4 per cent; basophils 
0-1 per cent).

(»') Lymphocytes: The small lymphocytes have diameter of 
7-10 iJ. and the large 10-14 u . They form about 20-40 per cent of 
the total white cell count.

(Hi) Monocytes: The diameter ranges from 10-18 /r. They 
form about 2-8 per cent of the total white cell count.

Eosinophils and basophils contain histamine. The basophil 
leucocytes also contain heparin. Lymphocytes contain y-globulin 
which is also present in the blood serum.

Changes in WBC in disease .
An increase in the total number is called leucocytosis and 

decrease below 4000 is called Icucopenia.
Neutrophil leucocytosis: This occurs in many inliajnmatory 

conditions and in certain types of fevers.
Eosinophilic leucocytosis: This occurs in infections of parasitic 

worms, in allergic conditions (hay fever, asthma etc.), and many 
skin diseases.



Lymphocytosis: This is a rare condition. An increase in 
lymphocyte count occurs in infections with tubercular bacillus.

Leukemias: Leukemias are a group of diseases in which one 
or more of the types of WBC undergo malignant changes.

P lasma

The plasma contains about 6.4-8.3 g proteins per 101) ml. 
The proteins arc broadly grouped under two heads: albumin and 
globulins. The globulin fraction consists of f3 and y-
globulins and fibrinogen. Plasma contains in addition nucleo- 
proteins and conjugated proteins sucb as seromucoid and lipo­
proteins. If the fibrinogen is removed from plasma bv converting 
it into fibrin the resulting fluid is called serum. Serum can be 
obtained directly by allowing blood to clot. The quantities of 
different proteins present in plasma are gi\'en in Table 11.2.

Table 11.2 D istr ibution  o f  p rote in s in  c itr a ted  p la sm a  a s  d e te r m in e d  
by E lectrop h oretic  a n a ly s is

Consti tuents Grams/inO ml 
plasma

As per  cent of 
total proteins

Tota l  Prote in ... 6.03 100
Albumin ... 3.32 55
Alpha-globulin ... 0.8t 14
Beta-globulin ... 0.78 13
Gama-globulin ... 0.66 11
Fibrinogen ... 0.+3 7

Functions o f plasm a proteins
The plasma proteins have several physico-chemical and

biochemical functions.

Physico-chem ical functions
The physico-chemical functions of plasma proteins include 

(1) maintenance of normal water content of the tissues by 
virtue of their osmotic pressure and (2) maintenance of normal 
acid base balance.

Exchange of fluid between blood and tissues: The blood pres­
sure of capillaries at the arterial end is 32 mm llg and at the venous



end is 12 mm Hg. The osmotic pressure of plasma proteins is 
25 mm Hg. f At the arterial end of the capillaries, the blood pres­
sure is greater than the osmotic pressure of plasma. Hence 
fluid enters the blood from the tissue space. At the venous end, 
the osmotic pressure of plasma is greater than the capillary blood 
pressure and hence fluid passes from blood to tissue space.)

Formation of oedema in protein deficiency: In protein deficiency 
the albumin content of plasma may fall to about 1-1.5 per 
cent and hence the osmotic pressure of plasma proteins also falls 
to about 10-12 mm. Hg. Under these conditions, fluid from 
blood is driven into tissue space at the arterial end of the capillaries 
resulting in the formation of oedema. When protein deficiency 
is cured by feeding on a high protein diet, plasma albumin level 
increases to the normal level, resulting in an increase of plasma 
protein osmotic pressure to 25 mm Hg. The oedema also dis­
appears.

Maintenance of acid-base balance of blood: A second physico­
chemical function of the plasma proteins is in the maintenance 
of normal acid base balance of blood. This aspect is discussed 
in Chapter 12.

Biochem ical functions
The important biochemical functions of plasma proteins are 

as follows:
[i) Transport of lipids: Many of the plasma lipid fractions are 

bound to plasma proteins. Such fractions are called lipoproteins. 
These complexes permit the water-insoluble lipids to be trans­
ported through the vascular system without coalescing or forming 
emboli. The major lipids carried in this way are cholesterol 
esters, and phospholipids. In addition, plasma proteins also 
transport fat soluble vitamins.

(n) The antibodies found in blood are mainly associated with 
•y-globulins. The functions of important proteins presentin plasma 
are given in Table 11.3.

Platelets
Platelets appear as round or oval bodies 2.5 n in diameter. 

The normal platelet count ranges from 250,000-500,000 per mm®.



Table 11.3 F u n ctio n s o f  im portant p ro te in s p resen t in  p lasm a

pro te in  component Functions

Albumin O.^motic pressure  regulation 
and exchange- of  lluid and 
trans]')ort of some nutr ients

^ - L i p o p r o t e i n s L ipid  transport

Ceruloplasmin C o p p e r  transport
P ro th ro m b in Blood coaguFation

|:(-Lipoprotelns Lip id  \ ransport

T ransferr in Iron transj-)ort
F ibrinogen Blood clotting
y -G lo b u l in s Associated with antibodies

The important functions of platelets are as follows: (1) ^V'hen 
blood is shed, the platelets disintegrate and liberate a throm­
boplastin which is concerned with the activation of prothrombin 
to thrombin in the clotting of blood and (2) I’latelets on 
disintegration liberate 5-hvdroxv trvptamine (serotonin) which 
causes vasoconstriction and brings about local haemostasis.

Coagulation o f blood
The essential reaction in the coagulation of blood is the con­

version of the soluble protein fibrinogen into the insoluble pro­
tein, fibrin by means of an enzyme, thrombin. Fibrinogen exists 
in the circulating blood while thrombin does not exist as such. 
Thrombin is formed from the inactive circulating precursor— 
prothrombin, when the blood is shed. The conversion of pro­
thrombin to thrombin depends on the presence of a Ca ion and of 
‘thromboplastins’ which arc derived from factors present in damag­
ed tissues, disintegrating platelets and from plasma. The pro­
cess of coagulation is shown below and in Fig. 11.1.

Pro thrombin-]-Ca-|-Thromboplastins----Thrombin.
ThrombinmFibrinogen---- Fibrin clot.

The different factors concerned in the coagulation of blood 
are given below:



Blood coagulation factors
Factor I. I’ibrinogen
Factor II. Prothrombin
Factor III. Thromboplastin
Factor IV. Calcium
Factor V. Labile factor, Proaccelerin
Factor v n . Proconvertin
Factor VIII. Antihaemophilic Factor A.
Factor IX. Antihaemophilic Factor B (Christmas factor)
Factor X. Stuart-Prower Factor
Factor XI. Plasma thromboplastin antecedent
Factor XII. Flageman Factor
F actor XIII. Fibrin stabilizing P'actor (FSF)
TliiC formation of thromboplastin from damaged tissues or 

blood platelets requires several factors as shown in Fig. 11.1.
Pro throm bin  

I Ca+ +
I 
I

Fac to r  X I I  
Fac to r  XI 
Fac to r  IX 
Fac to r  V I I I  
Platelet Factor 3 
Calc ium 
Factor  X 
Fac to r  V

^.Intrinsic 1 ,
(Blood) ! I <- Extrinsic

T h ro m b o -  j ^  T h r o m b o ­
plastin  ;  I plastin

1
T h r o m b in + F ib r in o g e n

Ti.ssue Dam age 
Calcium 

Factor VII 
Factor X  
Factor V

Fibrin
Fac to r  X I I I

(F ibrin  stabili­
zing)

Fig, 11.1 T he F actors in v o lv ed  in  th e  P ro c ess  o f  C oagu lation  o f B lood

A b X0RM .\I. H.'IEMOGLOBINS

The present knowledge of abnormal haemoglobins is 
incomplete and some of the associated conditions are relatively 
rare. A large number of abnormal haemoglobins have been 
reported. In addition, haemoglobin F (Foetal haemoglobin) when 
occurring in high concentration must be considered abnormal.

Recommended nomenclature designates the capital letters A 
for normal adult, haemoglobin F for foetal haemoglobin and S 
for sickle-cell haemoglobin and consecutive letters of the alphabet



for Other abnormal types in order of their identification. Case 
reports have established the importance of tvpes, C, D and E, 
which occur in association with well-defined haematologic entities. 
The racial incidence of haemoglobins is exemplified bv the pre­
dominance of the abnormal haemoglobins—S and C in N egroes 
and E in Thais and Burmese.

Important biochemical differences exist between adult haemo­
globin and the form elaborated bv the human foetus during pre­
natal life. While the haem component of the two haemoglobin 
molecules is similar, the differences relate to the structure and 
properties of globin and possibly of the haemoglobin linkages. 
The property by which foetal haemoglobin is best known and 
most readily identified is its increased resistance to denaturation 
in alkaline solutions.

Haemoglobin P-(primitive hacmoglobin)-is different from 
haemoglobin F and is found in earlv foetal life. This haemoglo­
bin prevails during the first half of embryonic life and is later 
replaced by foetal haemoglobin. The primitive haemoglobin 
is associated with severe hypoproteinaemia and agammaglobu- 
linacmia, but its biological significance is not yet clear.

Two simple procedures serve to identify the various types 
of haemoglobins: the detection of foetal haemoglobin bv the 
method of alkali denaturation and the separation of the abnormal 
haemoglobins by the technique of paper electrophoresis.

Foetal haemoglobin: It comprises 44 to 89 per cent of the 
haemoglobin in the newborn infant, decreases rapidly during 
the first year of life and is rarely demonstrable after the age of 30 
months. Following this period and in the child and adult, 
2 per cent represents the upper limit of normal. In certain of the 
chronic hereditary haemolytic disorders foetal haemoglobin 
reappears in substantial amounts. I^arge quantities of foetal 
haemoglobin are synthesized in patients with sickle-cell anaemia 
(5 to 15 per cent) and severe Mediterranean anaemic, and to a 
lesser extent in spherocytic anaemia (usually less than 10 per cent).

'Thalassaernia (Mediterranean Anaemia, Cooley’s Anaemia); 
This combines the features of a refractory haemoh.-tic anaemia 
with characteristic roentgenographic, clinical and blood chamies. 
The anaemia presents a wide spectrum of severity. The various 
grades are usually designated as ‘minima’, ‘minor’, ‘intermedia’



and ‘major’. The disease is most common in individuals of 
Mediterranean ancestry, but occurs also occasionally in India, 
Ceylon and Thailand. The fundamental defect in this disease 
consists of the inability to synthesize adult haemoglobin in normal 
amounts. Except for increased amounts of haemoglobin F, 
which, as mentioned, occurs in smaller amounts in many condi­
tions, no other haemoglobin abnormality has, so far, been found 
in thalassaemia.

Target cells: These are particularly prominent in the blood 
smear of patients with abnormal haemoglobins and often provide 
a clue to diagnosis. Present in both mild and severe Mediter­
ranean anaemia, they are further increased in sickle-cell anaemia 
and in haemoglobin E disease. Few or none of these cells are 
noted in reported cases of sickle-cell haemoglobin D disease, or 
with G, FI, I and J haemoglobins.

Haemoglobin D appears to be more common in Indians than in 
any other people, both in India and among Indians in Africa. It 
is, however, apparently without notable pathological significance.
' Haemoglobin E was originally discovered in Thailand, where 
it was found in 13 per cent of the Thais, but it is just as common 
in Burma and is not rare in Indonesia. Since the first case 
described was in an American child of partial Indian ancestry it 
may perhaps also occur in India. The haemoglobin E trait 
is found in Ceylon.

Haemoglobin H has been found in Thais and in Nepalese. 
It is the only known abnormal haemoglobin which in the heterozy­
gous state produces clinical anaemia. In supravital stained 
smears intra-erythrocytic inclusion bodies were found.

Flaemoglobin S is especially common in Africa but has been 
found also in India. Current thought attributes the sickle-cell 
abnormality to a mutant gene which is responsible for the synthesis 
of a different type of haemoglobin.

Blood G roups

Three main groups of ‘Factors’ are present in human blood 
cells w'hich enable the cells of individuals to be differentiated; 
these factors have great clinical, medico-legal and genetic interest. 
The chief groups are:

(1) A, B, AB and O (2) Rh (Rhesus) factor and (3) M and N.



In the serum of the four classical groups, the agglutinins 
are found to be distributed as follows; Group A contains /3; 
Group B contains ; Group AB contains no agglutinin: Group O 
contains and /3. The full description of the four groups 
taking into account both agglutinogens and agglutinins would 
be, therefore: AyS; B ^; AB; O n/?.

It is usual to carry out grouping tests by the use of tested sera 
belonging to different Groups as gi\cn below:

Blood: of G roup  All is aeglutinated by serum of .A and B (contain ing /j and N   ̂
,, G ro u p  A B (containing
,, G ro u p  B ,, ,, A (containing (j)
), G roup  O ,, ,, neither

The corpuscles of Group O are not agglutinated by the 
plasma of any group and Group O are accordingly called ‘Universal 
Donors’, since their blood is safe for transfusion into any corpuscles 
so that people belonging to this group could receive blood from 
any healthy person.

The classification of blood groups is made still more precise, 
especially in examination of medico-legal cases, by the discovery 
that, quite independently of the svstem mentioned above, another 
classifiation can be made, based on different agglutinogens called 
M and N. These are identified by special immune rabbit sera, 
and provide three independent tvpes, M, N, MN. As these 
occur independently of the AB groups, the combination yields 
twelve possible blood ty-pes, and in fact, yet other subsidiary groups 
are known.

An important factor, called the Rh factor was discovered in 
1940. It is an antigen of the Rhesus monkey and is present in 
the blood of 85 per cent of white people and ma}' be transmitted 
from father to child. If the mother is Rh negative, she forms anti­
bodies to it and these pass through the placenta to the foetus and 
causing extensive blood destruction in the new-born child.

REFERE.NCE
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C hapter 12

WATER, ELECTROLYTES AND ACID BASE BALANCE

Water is the largest constituent of the body, about 60-70 per 
cent of the total body weight consisting of water. The water l 
content of soft tissues ranges from 70-80 per cent while that of 
bone about 20 per cent. Body water is distributed as follows: 
(i) Inside the cells of tissue—intracellular water (50 per cent); and 
{ii)  Outside the tissue cells—extracellular water (20 per cent). The 
extracellular water is further subdivided into (f) Water in blood 
plasma (about 4 per cent) (//) Interstitial water—water in 
tissue space (9 per cent) and (m) Lymph in the lymphatic vessels 
(7 per cent). 1

Additional minor divisions of extracellular water are cere­
brospinal fluid and aqueous humour (in the anterior chamber 
of the eye.)

Approximate quantitative data for an adult man weighing 
70 kg. are given in Table 12.1.

Table 12.1 D i s t r i b u t i o n  o f  w a t e r  i n  t h e  b o d y

A s  %  o f  b o d y  w t.

T o ta l  b o d y  w e ig h t 70  k g . 100
T o ta l  w a te r 50 kg 70
(i) I n t r a c e l lu l a r 35 k g 50

( ii)  E x tr a c e l lu la r 12 k g 17
( th io s u lp h a te  s p a c e )

(a )  P la s m a 3 L 4
( b )  L y m p h 5 L 7
(c )  I n t e r t i t i a l  w a te r 4 L 5

( t is s u e  f lu id )

Water intake and loss
Water is lost continuously from the body in the following ways 

(f) via kidney as urine (A) via the skin in the form of insensible 
perspiration and as sweat (m) via the lungs in the expired air, 
{iv)  to a small extent via the large intestines in the faeces, and (v) 
in lactating women in the milk. Water is taken in food and also



as drinking water. In addition, water is formed in the tissues 
by the oxidation of H„ present in fats, carbohydrates and proteins. 
Approximate quantitative data per day for an adult weighing 70 
kg. are given in Table 12.2.

Table 1 2 .2  W a t e r  i n t a k e  a n d  l o s s  f r o m  t h e  b o d y

T e m p e r a t e
c l im a te

(m i)

T  ro p ic a l  
c l im a te  

(m l)

Water intake:
D r in k in g  w a te r 150'i 2000— 5000
I n  fo o d 1000 1000— 2000
B y o x id a t io n  o f  c a r b o h y d r a te s , fa ts

a n d  p r o te in s  in  t i s s u e s 300 300

T o ta l 2SOO 3300— 7300

Water loss
I n  u r in e 1500 lo c n — 1500
V ia  sk in 800 1800—5200
V ia  lu n g s 400 400 400
I n  fa e c e s 100 100—  200

T o ta l 2800 3300— 7300

Water intake: This is taken as drinking water, about 1500 
ml; in food 1000 ml and from oxidation of carbohydrates, fats and 
proteins in tissues, 300 ml.

Water loss: This occurs in urine, about 1500 ml; via skin 
800 ml, via lungs 400 ml and in faeces, 100 ml. In a normal 
individual, the water intake is appro.ximately equal to water lost 
from the body and the water content of the body is maintained 
fairly constant.

Exchange o f water in the body
Water is absorbed rapidly from the small intestines through 

the portal vein to the general circulation. It rapidly passes to the 
tissue space as tissue fluid. ■ A greater part of the ingested water 
is excreted by the kidneys within an hour. The mechanism of 
exchange of water between blood and tissues is briefly discussed 
below:



Composition o f body fluids
Data regarding the composition of plasma and lymph are 

given in Table 12.3 and briefly discussed below:

Table 12.3 Approxim a^ com position of plasm a and thoracic lymph
(Values per  100 ml)

Plasma Thoracic
L y m p h

p H 7 .3 5 — 7 . 4 5 .
Sodium  (N a+ )  (mg) 3 0 0 — 355 2 71— 304
,, (mEq) 131— 154 118— 132
Potassium ( K + )  (mg) ■ 14 — 32 1 5 - 2 2
,, (mEq) 3 ,6 — 5.6 3 .8 — 5.6
Chloride  (Cl—) (mg) 35 2 — 3K2 30 5 — 361
,, (mEq) 9 8 — 108 87 — 103
Bicarbonate ( H C O 3—) (mg) 5 5 .2 — 71 .3 —

(mEq) 2 4 — 31 —

Total  Prote in (g) 6 — 8 2 .9 — 7.3
A lbum in  (g) 4 .6 — 6.7 1 .5— 2 .7
Globulin  (g) 1 .2— 2.3 1 .5— 4 .8
Creatin ine  (mg) 0 .1 — 1.2 —

U rea  (mg) 2 8 — 40 —

U rea  N (mg) 13— 26 —

Cholesterol (mg) 1 1 0 — 390 3 4 — 106
Fatty  acids (mg) 14 9 — 483 —

Plasma: Plasma contains proteins (about 7-8 per cent) 
and small quantities of organic substances like glucose, amino 
acids, urea etc., and inorganic salts like sodium bicarbonate and 
sodium chloride.

Lymph: Lymph is the fluid found in the lymphatic vessels. 
The composition of lymph varies widely. The protein content 
varies from 2-7 per cent. The electrolyte content of lymph is 
similar to that of plasma.

Interstitial fluid: There is no direct information regarding 
the composition of interstitial fluid, i.e., fluid bathing the tissue 
cells. Since the blood capillaries do not permit proteins to pass 
out, it is presumed that interstitial fluid has very little proteins 
and it has a crystalloid composition similar to that of plasma.



IntraceUular fluid: The intracellular fluid ( ICl') cannot be 
determined directlv. The difl'erence between the total body water 
and the total extracellular fluid (ECF) is taken as the IC l'. The 
cell contents have large amounts of proteins (17-IS per cent). 
The concentration of sodium in the ICF l^s been estimated to 
be 20 mifq. per litre and that of potassiuiiT 110 mKq.

PenneabiUtx of cell viembcanes: The cell membrane is treely 
permeable to water, glucose, lactate, amino acids and aeeto- 
acetate. The intracellular fluid is hvpertonic to extracellular 
fluid, d’he cell has active transport mechanism which pre\'ents 
water from entering the cell freelv from the extracellular fluid.

/

Water exchange between plasma and interstitial fluid
This is controlled bv the protein osmotic pressure in the 

plasma which is 25 mm. Ilg and the arterial capillary pressure 
(32 mm. Idg.) and the capillary pressure at the venous end 
(12 mm. Hg.). At the arterial end, the capillary blood pressure is 
greater than the protein osmotic pressure of plasma bv 7 mm. Hg. 
Hence, fluid passes from capillaries to tissue space. At the venous 
end, the capillary blood pressure is less than the protein osmotic 
pressure bv 13 mm. Hg. Therefore, fluid passes from tissue 
space into the capillaries. This plasma-interstitial fluid exchange 
takes place on a large scale i.e., at about 3 litres per minute.

Effect o f excess water intake on water balance in the body
If 2 litres of water are taken, the water is distributed rapidly 

throughout the bodv. The kidney responds to the increased 
,,^ater intake after about 15-30 minutes. The flow of urine 
rises from the normal value of 50 rrd per hoar to its peak of 1500 ml. 
per hour. The extra water is excreted by the kidney within 3 
hours. The excess urine output may (in temperate climate) 
be almost equal to the water ingested. In tropical climate, a 
part of the ingested water is lost in the sweat.

Effect o f excess o f sodium  chloride on water balance
When NaCl is taken in excess in the form of solution, the plasma 

crystalloid osmotic pressure rises. Water moves from the intersti­
tial spaces into the plasma, initially increasing the plasma t'olume 
and hence the blood volume; but at the same time NaCl diffuses



into the interstitial fluid. The outflow of salt causes also flow of 
water from plasma to interstitial fluid. The net result is an 
uniform increase in the salt concentration of the extracellular 
fluid. The raised osmotic pressure of ECF leads to a flow of 
water from the cells into the ECF. This results in an increase in 
the volume of ECF and decrease in the volume of ICF. In an 
experiment in which 28 g. NaCi (484 mEq. per litre) were ingested, 
the urine flow increased from 30 to 120 ml. per hour and the 
rate of chloride excretion rose from 0.2 to 1.2 g. per hour. The 
maximum concentration of NaCl in urine occurred between the 
3rd and 12th hour when it was 3.4 per cent NaCl as compared 
M'ith normal value of 1 per cent. It is evident that the rate of 
excretion of salt and water taken with salt is thus comparatively 
slow and water is retained in the body along with salt upto 12 
hours or longer.

Effects of NaC! depletion on water balance
When a subject is fed on salt free diet, the following changes 

take place. A decrease in the concentration of Na and Cl ions 
in plasma and the interstitial fluid occurs. Owing to a fall in 
the crystalloid osmotic pressure of ECF, water moves from the 
interstitial fluid into the cells. This results in a decrease in the 
volume of ECF and an increase in the volume of ICF. The 
loss of NaCl in urine rapidly decreases and only traces of NaCl will 
be found in urine after 3 or 4 days on salt free diet. The body 
weiglit falls due to water loss. The plasma volume and 
blood volume decrease which will be accompanied by a decrease 
in cardiac output. Water drinking does not cause the usual 
striking diuresis.

Effects o f water deprivation on water balance
Whiter is being constantly lost from the body in urine, sweat, 

expired air and faeces. If corresponding amounts of water are 
not ingested, water depletion occurs in the body leading to changes 
in body fluids. A reduction in volume of the extracellular fluid 
(ECF) and intracellular fluid (ICF) takes place. The urine 
output is reduced. There is a rapid decrease in body weight 
and a state of dehydration of the cells occurs. After a few days, 
a decrease in plasma volume (and also in blood volume) occurs

22



which will reduce cardiac output and lead to circulatory failure. 
An adult who has lost 5-10 litres of w ater from the body will be 
seriously ill and death will occur when the water loss from the 
body is about 15 litres.

ELECTROLYTE BALANCE
Electrolytes are present in intracelhdar and extracellular 

fluids. The concentration of electrolytes is affected by water 
balance, sodium chloride intake and intake of other minerals 
present in the diet. The body has several mechanisms by which it 
can keep the electrolyte balance in the intracellular and extra­
cellular fluids at a constant level. These are briefly discussed 
below.

Electrolyte concentration in intracellular fluid
Tissue ceils and red blood cells contain large amounts of 

potassium phosphates, bicarbonates and small amounts of sodium 
and chloride ions. I ’he concentration ol K is about 110 mEq/ 
litre while that of sodium is about 20 mEq.

Electrolyte concentration in extracellular fluid
Extracellular fluid includes, plasma, lymph and interstitial 

fluid. Tliey contain large amounts ol sodium, chloride and 
bicarbonate ions and small amounts of potassium and phosphate 
ions. Concentration of Na in the above fluids is about 143 mEq/ 
litre while that of potassium is 5 mEq.

Permeabilily of cell membranes: Cell membranes are per­
meable to water and to nutrients like glucose, lactate, acetoacetate, 
amino acids and inorganic phosphate ions.

Active transport across ce ll m em branes
Control of free movement: Eventhough intracellular fluid 

(ICE) contains large quantities of K ions and extracellular 
fluid (ECF) contains large quantities of Na ions, the movement of 
Na ion into ICE or K ion into ECF is controlled by active transport 
mechanism. This ‘active transport mechanism’ prevents the 
passage of Na ion into ICE and K ion into ECI' by the continuous 
expenditure of chemical energy.



Movement against the gradient: Potassium ion can be taken 
by tissue cells or red cells even when the intracellular concentration 
of K ion far exceeds the extracellular concentration. The cells 
can maintain, at equilibrium, a higher concentration of K ion 
inside its membrane boundary than the concentration in the 
ECF.

Some examples of active transport are given below:
(1) Prevention of movement of K ions from cells to ECF 

and Na ions from ECF into cells (2) Movement of Na, K, and 
Ca ions in nerve; (3) Secretion of HCl by gastric oxyntic cells;
(4) Alkaline secretion from pancreas; (5) Absorption and secretion 
by kidney tubules and (6) Secretion of saliva by salivary glands, 
pancreatic juice by pancreas and hormones by ductless glands.

Excretion of electrolytes by the kidney: In an adult, the kidney 
excretes normally 5 g. of Na ion, 9 g. Cl ion, 2.2 of K ion, 1.2 g. 
of phosphate ion, and 0.2 g. of Ca ion daily in urine. The 
quantity of these ions excreted will depend on the intake of these 
ions from the diet.

ACID-BASE BALANCE
The acid-base balance of body fluids is maintained within 

normal range by buffer system present in them. The pEI of 
blood is about 7.3-7.4. The pH of other body fluids viz., lymph, 
cerebrospinal fluid are about the same as that of blood. The 
pH of intracellular and interstitial fluids are believed to be of 
same order as those of blood and lymph. The methods available 
for maintaining the acid-base balance in the body are (1) buffer 
systems which can prevent change in pH within reasonable limits
(2) breathing and (3) kidneys. The important buffer systems 
present in body fluids are (1) bicarbonate—HCOg (2) Proteins 
and (3) Phosphates of Na or K.

Buffer system s
Bicarbonate—HCO^ When non-volatile acids like-3 system:

lactic, phosphoric or sulphuric acids are produced in the cells, 
they react with the bicarbonate present with the liberation of 
carbonic acid. The excess carbonic acid is eliminated as CO^ by 
the lungs. The term'alkali reserve’ is used to indicate the bicarbo­
nate present in plasma.



Buffering action of proteins: Proteins can react with K or Na 
ions forming proteinates. Tliey exist in this form in body 
fluids. H.jCO  ̂ can react with alkaline proteinates forming bi­
carbonates.

Phosphate buffer s\stem: Both inorganic and organic phos­
phates exist in body fluids as alkaline phosphates. These act 
as buffers in neutralising acids formed in the metabolism of car- 
bohv'drates, fats and proteins in the tissues.

Breathing
The role of lungs in eliminating CO., and thereby reducing 

the concentation of HCO^ ion in the body fluids is important 
in maintaining the acid-base balance of the bod\' fluids. When 
H concentration ot blood tends to increase, the pulmonary \ entila- 
tion is increased, more CO., is eliminated. This also helps to 
lower the amomits of IICO, ion in the blood and otlur tissue 
iluitls. Such a response occur> in the roHowiiig conditions (1) 
During secretion ot alkaline digestice juices (pancreatic juice, 
bile and intestinal juice) during digestion of food (2) In diabetes 
mellitus and starvation due to excessive production of /3-hydrox\ - 
butyric acid and acetoacetic acid in the body and (3) Bv ingestion 
of NaH„ (PO^f, or ammonium chloride. On the other hand, v hen 
the H-ion concentration of blood tends to fall, the pulmonarv 
ventdation is diminished, C’O., is retained, ab'eolar t'0„  rises a.nd 
the arterial CO„ and HCO., ions rise. This increase in HCO, 
implies an increase in bicarbonate i.e., alkali reseive and tendenev 
to alkalaemia. This may occur (1) during secretion of gastric 
juice in the stomach and (2) by ingestion of disodium or dipotas­
sium phosphates.

Role o f kidney
Two renal mechanisms are available for regulating the acid- 

basc balance of body fluids (D Excretion of B H„PO^, B.,HPO  ̂
and BHCOj in varying proportions when their concentration 
increases beyond normal limits in the body fluids and (2) the 
formation of NMj by renal tubules from amino acids. Under 
norma! coi''ditions, the pH of urine is about 6.(1, representing 
e.xcretion of 70mEq. of acid per da\'.



(a) Excretion of phosphates and bicarbonates: The glomerular 
filtrate contains BH^PO^, B,HPO^, and BHCO3 in the same pro­
portions as in plasma. In extreme acidemia, practically all the 
BHCO3 is reabsorbed in the renal tubules and all the phosphates 
are excreted as BH,PO^. In extreme alkalaemia, large amounts 
of BHCOg are excreted and nearly all the phosphates are excreted 
as the alkaline salt B^HPO .̂

{b) Phosphate conversion mechanism: Conversion of acid 
phosphate to alkaline phosphate and vice-versa takes place in 
the tubules in acidemia and alkalaemia respectively. The mecha­
nism of conversion is as follows: In acidemia, Na^HPO^ is 
converted in the lumen of tubule into NaH„PO^ by losing one Na 
ion and gaining one H ion from H^COg. The newly formed acid 
phosphate NaPPPO., is excreted in urine, additional H ion thus 
being eliminated. The released Na is reabsorbed into the blood 
presumably as Na HCO3, thus conserving the reserves of base in 
the body fluids. In alkalaemia, the NaH^PO^ in the lumen of the 
tubules is transformed into Na^HPO^ by gaining Na ion from 
other tubular constituents and H ion released from NaH^ PO^ 
is reabsorbed into the blood. Additional fixed base is thus 
eliminated and the H ion is conserved.

(c) Bicarbonate mechanism: The bicarbonate mechanism is 
really effective only when compensating for states of alkalaemia. 
The tubules excrete bicarbonate and thus help to decrease the base 
present in the body.

(d) Ammonia mechanisrn: The cpithelia of renal tubules 
produce ammonia by the oxidation of amino acids. The NPI3 
reacts with acidic substances excreted forming ammonium 
salts. Ammonium salts react with alkaline salts and free certain 
amounts of Na or K ion which are reabsorbed. For example, 
sodium lactate is converted into ammonium lactate and excreted 
while sodium ion is reabsorbed as bicarbonate. The ammonia, 
mechanism operates when acidemia develops.

R E F E R E N C E
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THE NUTRITIVE VALUE OF FOODS

Foods differ widely in their contents of various nutrients. 
Data regarding the chemical composition of foods consumed 
in many countries are available. A list of important food com­
position tables is given at the end of this chapter. Most of the 
analysis of vegetables and fruits relate to the ‘edible portion'. 
Foods are broadly divided into various groups depending on 
their nutritive value. The classification generally adopted is 
as follows: (1) Cereals, and millets (2) Legumes (Pulses), (3) 
Oilseeds and nuts, (4) Vegetables («) Green leafy, (b) Roots and 
tubers and (c) Other vegetables, (5) Fruits, (6) Fats and oils, (7) 
Foods of animal origin, (8) Milk and milk products (9) Starchy 
and sugar foods and (10) Spices and condiments. The nutritive 
value of different categories of foods is discussed in this chapter.

1.0 CEREALS
Cereals and millets form the staple food of the human race. 

These include wheat, rice, maize (cornl, barley, oats, rve and the 
various millets. They arc rich sources of starch and fair to 
good sources of pro teins, certain minerals and B-group of vitamins. 
The chemical composition and the amino acid contents of different 
cereals and millets are gi\en in Tables l .\  and4.\inthe Appendix.

1.1 WHEAT
Wheat is grown in large quantities in temperate climates in 

most parts of the world. It is extensivelv grown in the U.S.A., 
Canada, Argentina, Australia, Europe, Russia, Ifgypt, Pakistan, 
China and India. The wheats of commercial importance belong 
to the following botanical species—(1) Tyiticum rulgare (common 
hard wheat), (2) Triticuvi durum (Durum wheat) and (3) Triticum 
compacluvi (soft white wheat).

The wheat giain consists of three main parts: (1) the germ 
or embrvo which is rich in protein and oil, (2) the endosperm 
•which, is rich in starch and is fair source of proteins and (3) the



various outer converings such as pericarp, testa or seed coat, 
hyaline layer and aleurone cell layer.

The relative per cent by weight of different constituents of 
wheat grain is given in Table 13.1.

T a b le  13.1 R e la tiv e  per cen t b y  w eigh t o f  con stituen ts o f  w heat grain

C o n s t i tu e n t %  o f  w h o le  g r a in  b y  w e ig h t

O e r m  
T ota l  bran

Aleurone layer 
T e s ta  and hyaline 
Pericarp 

Endosperm

2-3
13
5-6
2-  3
3 -  4 
83-85

The different products obtained in the milling of wheat are 
(1) flour,(2) bran and (3) germ. The chemical composition of 
commercial samples of flour, bran and germ is given in Table 13.2.

T a b le  13.2 T h e C h em ica l c o m p o s itio n  o f  flour, bran  and  g e rm  fro m
w heat

(Values per 100 g)

F lour

N u tr ien t Whole
meal

85% ex tra ­
ction

70% ex tra ­
ction

G erm Bran

M oistu re  (a) 13.0 13.0 13.0 11.7 13.2

Pro te in  (g) 13.6 13.4 12.8 28.5 14.4

F a t  (g) 2.5 1.7 1.2 10.4 4.7

Ash (g) 1.7 0.8 0.4 4.5 6.3

T ota l  P  (mg) 350 188 97 1118 1276

Phytate P Img) 242 96 30 716 920
C arbohydrates  (by 

diff.) (g) 69.2 71.1 72.6 44.9 61.4
Cellulose (g) 2.2 0.3 0.1 7.5 21.4

Hemicclluloses (g) 3.0 1.2 0.6 6.8 26.2

Sugar  (g) 0.8 0.5 0.2 16.2 4.6

T h iam in e  (/tg) 400 360 80 2010 720

Riboflavin (^g) 161) 81 53 680 350

Niacin (mg) S.O 2.0 1.2 4.2 21.0



Wheat flour: The degree of milling of wheat is known as 
exiraction rate. Whole meal flour is called IflO per cent extraction. 
National wheat flour prepared in L .K. during the last war was of 
85 ]HT cent extraction (13 per cent of bran and other parts of the 
wheat removed), while ts'hite flour of commerce is of 70 per cent 
extiiiction (30 per cent of bran and other parts of wheat re- 
m o \ e d ) .  d'hc chemical composition of whole wheat, 85 per cent 
ami 70 per cent extraction flours is gi\'cn in 'I'able 13.2. 
It is evident that 70 per cent extraction flour is a poor source ol 
B-vitamins. Low extraction flour (e.g. 70 pei cent extraction) 
has the following' advantages ov;r high extraction flour (100 
per cent or 85 per cent extraction flour). (1) It is whiter and hence 
white bread is more acceptable than brown bread, (2) It has a 
lower lat content and so its keeping quality is better than 85 
per cent extraction or 100 per cent extraction flours, and (3) It 
contains less phytate phosphorus and hence absorption of calcium 
and iron from this flour is greatei than those observed with high 
extraction flours. As against the above advantages, low extraction 
flours have less quantities of B-vitamins, calcium, iron and protein 
than high extraction flours.

High protein flour: High protein wheat flour has been pre­
pared by subjecting wheat flour to a process of air classification. 
The protein content of high protein flour may range from 20-25 
per cent.

Nutritive value of wheat proteins: The protein content of 
wheat may vary widely from 9 to 16 per cent depending on the 
variety. The chief proteins are glutelin and gliadin, together 
known as gluten. Wheat also contains small amounts of globulin, 
albumin and proteose. The essential amino acid contents of 
wheat proteins are given in Table 4A in Appendi.x. d’hc limiting 
amino acids are lysine and threonine. The protein efficiency 
ratio of wheat proteins is about 1.6-1.8. This is markedly 
increased to about 2.2-2.5 when supplemented with lysine and to 
about 2.8-2.9 when supplemented with a mixture of lysine and 
threonine.

Effect of improvers on the nutritive value of flour: Several 
t\pes of chemicals are used for impioving the ‘strength’ of the 
flour for baking. One such improver is nitrogen trichloride. 
Sir Edward Mellanby (1946) reported that wheat flour treated



with nitrogen trichloride when fed to puppies, produced charac­
teristic running fits in them (canine hysteria). He found that 
nitrogen trichloride reacted with metliionine present in the pro­
teins and produced a toxic principle known as methionine sul- 
phoxime. At present, the use of nitrogen trichloride as a flour 
improver has been banned in all countries, and chlorine dioxide is 
used as an imjtrover. Flour treated with chlorine dioxide does 
not contain any toxic factor and is wholesome.

Effects o f feeding diets containing wheat flour of varying 
degrees o f extraction on growth and N retention in child­
ren

McCance and Widdowson (19.54) carried out studies on child­
ren living in orphanages in Germany to assess the effects of varia­
tion in the extraction rate of flour on the growth and N retent ion 
in children. The children were divided into 3 groups receiving 
bread made from one of the following flours (1) whole wheat flour
(2) 85 per cent extraction flour and (3) 70 per cent extraction flour. 
The children received about 75 per cent of the calories from 
wheat flour. Each child received in addition, about 82-113g. 
fresh milk, 17-29 g. of meat and fish, 5-7 g. of cheese and 72-80 g.. 
of margarine, and fair amounts of vegetables and fruits. All 
the flours were fortified with calcium. All children received 
vitamin tablets providing daily 2000 I.U. of vitamin A, 1000 l.U. 
of vitamin D and 25 mg. of ascorbic acid. The daily protein 
intake was about 62 g. of which 9 g. W'ere animal proteins. The 
children were under observation for one year at the end of which 
no significant difference was observed in the mean increases in 
height and weight of children in the different groups. The 
results showed that addition of small quantities of milk, cheese, 
meat and fish made up the deficiencies of B-vitamins in 70 per 
cent extraction flour and made the diet adequate for childien.

Processed wheat products
Bread: The nutritive value of bread is similar to that of the 

flour used in its preparation, if allowance is made for the higher 
water content of bread (about 33 per cent). The nutrient content 
of bread (on fresh basis) is about two-thirds that of the 
flour.



Biscuits: Biscuits are baked from a mixture of wheat flour, 
sugar and fat or wheat flour, fat and salt. During baking, a part 
of thiamine present is destroyed. The protein contents of 
biscuits (5-8 per cent) are lower than that (9-12 per cent) of the 
flour from which they are prepared. The available lysine content 
decreases, causing a lowering in the PER of the proteins.

Toast: Toast is prepared bv applying dry heat to bread slices. 
During the process of toasting, a part of the thiamine present is 
destroyed. The available lysine content and the PER decrease.

Breakfast cereals: Wheat flakes, shredded wheat and grape- 
nuts are the important products made from wheat. As toasting 
is involved in the preparation of these foods, a part of the thiamine 
is lost and the quality of the proteins is adversely affected due 
to decrease in available lysine contents.

Se7iiolina: Semolina consists of the Midosperm of wheat and 
has nutritive value similar to that of 70 per cent extraction flour.

Wheat germ: Wheat germ is separately extracted in certain 
flour mills. About half the amount actually present in the grain 
is usually obtained, the remaining being mixed with flour. Wheat 
germ is a rich source of protein and fat. It is also a good source 
of B-e itamins. W’heat germ oil is a rich source of vitamin E.

Nutritive value o f poor wheat diets
Poor diets based mainly on wheat and containing small 

quantities (5 per cent) of legumes, oil and vegetables similar 
to those consumed in India promote moderate growth in albino 
rats (9-12 g/wcek). They are deficient in protein, calcium, 
vitamin and riboflavin. Supplementation of poor wheat diet 
with processed protein foods (based on oil seed meals and legumes 
and fortified with calcium salts and vitamins) at 10 per cent level 
so as to provide about 2 per cent extra proteins makes up the 
deficiencies in the diets and promotes excellent growth in albino 
rats. Children fed on a poor wheat diet maintain positive N, Ca 
and P balance. (Swaminathan 1967, 1969).

1.2 RICE
Rice is grown in large quantities in all Asian countries. It 

is the cereal of choice for most damp tropical climates. The



rice grain consists of the following parts (1) the outer bran layer 
beneath which is the aleurone layer (2) the endosperm and (3) 
the germ.

B-vitamins in rice: Hinton (1948) separated the different 
fractions by micro sections and studied their thiamine contents. 
The results are given in Table 13.3.

Table 13.3 T h i a m i n e  c o n te n t  o f  f r a c t io n s  o f  t h e  r i c e  g r a in

Part  of grain
Proportion 

of grain 
(%)

T h iam ine
conten t
Q^bIu)

Proport ion  
of the total 

th iamine of the 
grain  (%)

Pericarp  and aleurone 5.95 31 I 35.2C overing  to germ 0.20 12 1
Epiblast 0.27 78 3.9
Coleorhiza 0.20 94 3.5
Plum ule 0.31 46 2.7
Radicle 0.17 62 2.0
Scutellum 1.25 189 43.9
O u te r  endosperm 
In n e r  endosperm

18.80
73.10

1.3 ( 
0.3 1 8.8

It is evident that the scutellum contains about 44 per cent 
and the aleurone layer about 35 per cent of the thiamine present 
in rice.

Parboiled rice: The process of parboiling of paddy consists 
in soaking paddy in water, steaming the soaked paddy for a short 
period, drying and milling. During the process of parboiling, 
scutellum gets fixed to the grain and a greater part of the thiamine 
present in the aleurone layer passes into the endosperm and hence 
not removed during milling. The starch gets gelatinised and the 
cooking quality of rice improves..

Effect o f m illing on the vitam in contents o f raw and par­
boiled rice

The effect of milling on the thiamine and niacin contents of 
rice has been studied by Aykroyd et al., (1940) and Swaminathan 
(1942). The results are given in Table 13.4.



T a b le  13.4 E ffect o f  m illin g  on  the th ia m in e  and n ia c in  con ten ts  o f  
raw  and p a rb o iled  r ic e

Degree of 
milling

T hiam ine  ( 
Raw rice

Mg/lOOg) _ 
Parboiled 

rice

Niacin 
Raw rice

(mg,'100g)
Parboiled

rice

Husked 360 450 3.8 4.6
5% Polishings 

removed 290 420 3.0 4.2
i')% ISO 3 SO 1.9 3.9

t o o 39 t 1.1 3.2
2 0 -0 40 200 0.6 2.8

It is evident that raw milled rice is a poor source of thiamine. 
This will explain the wide prevalence of beriberi among raw rice 
eaters. Parboiled milled rice, on the other hand, is a good source 
of thiamine and niacin.

Nutritive value o f rice proteins
The protein content of rice varies from 6-9 per cent depending 

on the variety. The chief protein is gliitelin. Small quantities 
of albumin, globulins and prolamins are also present. The 
amino acid content of rice proteins is given in 'Pabl ; 4.\ in Appen­
dix. The proteins are limiting in lysine, and threonine and to a 
lesser extent in methionine. The protein efficiency ratio of rice 
proteins ranges from 1.8-2.2 and is increased to about 2.4-2.6, 
when supplemented with a mixture of lysine and threonine and to 
2.8-3.0 when supplemented with lysine, threonine and methionine.

Processed rice products: The important processed rice 
products are rice flakes or beaten rice, puffed rice (from paddy) 
and puffed rice (from rice). The chemical composition of these 
products is given in Table lA in Appendix. Since puffed rice is 
a precooked product, it is consumed as a snack. Beaten rice is a 
partially cooked product and can be reconstituted readily by soa­
king in warm water for 15-20 minutes.

Nutritive value o f poor rice diets
Poor rice diets based mainly on rice and containing small 

quantities of legumes similar to those consumed by low income



groups in India (5.0 per cent), oil and vegetables promote low 
growth in albino rats (4-7 g/week). The diets are deficient in 
calcium, proteins, riboflavin and vitamin A. Supplementation 
of the rice diets with processed protein foods (based on oilseed 
meals and legumes and fortified with vitamiirs and minerals) at 
10 per cent level so as to provide about 2 per cent extra proteins 
makes up the deficiencies in the diet and promotes excellent growth 
in rats and child) en. (Swamiirathan, 1967, 1969).

1.3 MAIZE
Maize (Corn) is cultivated in large quantities in U.S.A., 

Africa, Latin American countries and India. In Afiica and Latin 
America, where maize is consumed as a staple food even by weaned 
infants and preschool children, the incidence of protein-calorie 
malnutrition has been found to be high. Before the discovery 
of niacin (the pellagra preventive vitamin), pellagra was widelv 
prevalent among maize caters in mar.y countries of the world.

Proteins: The chief protcin.s of maize are glutclin and (zein) 
prolamins. Zein is completely lacking in tryptopb.an and lysine. 
Maize proteins contain excess of leucine and recent studies 
indicate that excess of leucine interferes in the conversion of 
tryptophan to niacin and hence aggravates the pellagragenic 
action of maize (Gopalan ct al., 1969). More recently, new strains 
of maize (e.g. opaque-2) containing more tryptophan and lysine 
and less isoleucinc have been developed. The quality of proteins 
in opaquc-2 is superior to that of the common straiirs of maize. 
Opaquc-2 promotes good growth in experimental animals and 
does not produce black tongue in dogs. The PER of the proteins 
of maize ranges from 0.9 to 1.4 depending on the variety.

B-vitamim: Whole maize is a good source of thiamine, pyri- 
doxine, pantothenic acid, fair source of riboflavin but poor source 
of niacin. Milled maize products e.g., degerminated maize meal 
is a poor source of all B-vitamins.

Maize products
'Pile difl'eient maize products ot commerce are whole maize 

meal, degerminated maize meal, hominy grits and corn flakes.
Whole maize meal: 'Phis is prepared by powdering the whole 

maize kernel.



Degermed maize meal: The degermed maize is powdered and 
sieved. The flour is devoid of germ and hence has a low 
B-vitamin content.

Hominy grits: Whole maize grain is steamed and the pericarp 
and germ removed. Hominy grits consist of the endosperm of 
maize and have low' contents of B-vitamins.

Corn flakes: Corn flakes are made from hominy grits and 
hence have low contents of B-vitamins. The proteins undergo 
damage due to heat piocessing and have very low protein efficiency 
ratio.

1.4 RYE
Rye was cultivated widely in Europe about 50 years ago. 

It is still grown in that continent to an appreciable extent.

Chem ical composition
The chemical composition of rve is given in Table lA in the 

Appendix. The protein content may vary from 7-14 per cent. 
The grain is a good source of thiamine and a fair source of ribo­
flavin and niacin. It is a good source of phosphorus and a fair 
source of calcium and iron.

Proteins: The proteins consist of a mixture of prolamin, 
glutelin, globulin and albumin. The properties of rye gluten are 
different from those of wheat gluten, as it is not possible to prepare 
gluten from rye by washing the dough in water. The amino acid 
composition of rye proteins is given in Table 4 A in the Appendix.

Milling of rye: Rye milling is an important industrv in 
Europe. Rye flour is a commercial product. It is used for the 
preparation of bread.

Rye bread: Rye bread is not made, as a rule, by fermentation 
with yeast but is usually made after fermentation with a sour 
dough.

1.5 OATS
Oats are cultivated in limited amounts in Europe, U.S..\. 

Canada and Australia and are used mainly as a breakfast cereal. 
The important product of commerce is rolled oats.



B-z'itamhis: Oats is a good source of thiamine, pyridoxine 
and pantothenic acid and a fair source of riboflavin and niacin.

Proteins: The protein content of rolled oats varies from 
12 to 18 per cent. (Table lA in the Appendix). Oats proteins 
are fair sources of all essential amino acids and possess protein 
efficiency ratio values ranging from 2.2-2.4.

1.6 BARLEY
Barley is one of the oldest grain crops. It is cultivated 

extensively in all countries of the world. It is consumed as a 
staple food by small groups of the population in some countries. 
The greatest use of barley, however, is for the preparation of malt, 
which is used for brewing and in the preparation of malt extract 
for incorporation in infant and invalid foods.

Proteins: The protein content of barley ranges from 9-12"o. 
Barley proteins consist of a mixture of albumin, globulins, 
prolamins (hordein) and glutelins and are fair to good sources of 
all essential amino acids (Tabic 4A in Appendix). The limiting 
amino acids in barley are lysine and threonine. The protein 
efficiency ratio values of bai ley proteins range from 1.9 to 2.2.

B-vitamins: Barley is a good source of thiamine, niacin, 
pantothenic acid, and pyridoxine and a fair source of riboflavin.

Pearl barley: Pearl barley prepared by the removal of the 
outer husk bv abration, is consumed as an invalid food. It has 
low content of B-vitamins.

1.7 MILLETS
The millets consumed in large quantities in different countries 

of the world arc kaffir corn, pearl millet, and ragi. Some other 
millets e.g., Italian millet, little millet, common millet are cul­
tivated in small quantities and consumed by the people in some 
countries. The principal millet producing countries are India, 
China, Africa and U.S.A.

1.7.1 KAFFIR CORN {Sorghum Viilgare)
Kaffir corn is also known as Milo or Sorghum. It is grown 

in large quantities in India, U.S.A. and Africa.



Chem ical com position
The chemical composition of kaffir corn is given in Table lA 

in the Appendix. The protein content ranges from 9-14 per cent 
depending on the variety. It is a good source of thiamine and 
pyridoxine and a fair source of riboflavin and niacin. It is a fair 
source of calcium and iron and is a good source of phosphorus.

Proteins: The principal proteins of kaffir corn are prolamin 
and ghitelin. The proteins are fair to good sources of the 
essential amino acids, the limiting essential amino acids being 
lysine and threonine. Kaffircornproteins contain excess of leucine. 
Recent studies in India have shown that excess of leucine imer- 
feres in tlie conversion of trvptophan to niacin and causes 
pellagra in human beings consuming poor diets based mostly on 
kaffir corn (Gopalan et «/., 1969). The PER values of kaffir corn 
proteins range from 1.1-1.5 depending on the variety. The PER 
increases markedly when the proteins are supplemented with 
lysine.

Nutritive value of poor kaffir corn diet
A poor diet consisting predominantly of kaffir corn and 

containing small amounts of legumes (5 per cent), oil and vegeta­
bles promotes only moderate growth in albino rats (6-9 g/week). 
The diet is deficient m calcium, proteins, vitamin A and 
riboflavin. Supplementation of the diet with processed protein 
foods (based on blends of oilseed meals and legumes and fortified 
with vitamins and minorals'l at 10 per cent level makes up the 
deficiencies in the diet and promotes good growth in albino 
rats. Children fed on poor kaffir corn diet maintain positive 
N, Ca and P balance (Swaminathan, 1967, 1969).

1.7.2 RAGI (Eleusine Coracana)
Ragi is cultivated in appreciable amounts in some regions 

in India, Ceylon and Africa and consumed as a staple food by the 
local population. Unlike other common millets, the grain has a 
hard seed coat which is difficult to be separated by mechanical 
means. The whole grain is powdered, passed through a sieve 
and consumed as a dumpling.



Chem ical composition
The chemical composition of ragi is given in Table lA in 

the Appendix. The protein content of the grain varies from 6-9 
per cent depending on the variety. Ragi is a rich source of 
calcium in which other common cereals are deficient. It is a 
good source of iron and phosphorus. The grain is a good source 
of thiamine and a fair source of niacin and riboflavin.

Proteins: Ragi proteins consist of a mixture of globulins, 
prolamin and glutclin. About 30 per cent of the nitrogen 
present in the grain (mostly in the husk) is not extracted even by 
dilute sodium hydroxide. The protein is a fair to good source 
of all essential amino acids, the limiting amino acids, being lysine 
and threonine. The PER values of ragi proteins range from 1.2 
to 1.4. When supplemented noth lysine, the PER increases to 2.2.

Nutritive value o f poor ragi diets
Poor r.igi diets containing small quantities of legumes (5 per 

cent), \-egetabIes and fat promote moderate growth in rats (7-10 g ' 
week). The diets are limiting in proteins. When supplemented 
with processed protein foods at 10 per cent level or legumes 
at 15 per cent level (to provide 2.5 per cent extra proteins) 
a marked improvement in the growth rate of rats (16-20 g/week) 
has been observed. Children fed on a poor ragi diet maintain 
positive K, Ca and P balance. (Swaminathan, 1967, 1969).

1.7.3 PEARL MILLET
Pearl millet {Pennisetnm typhoidenm) is widely cultivated and 

consumed by the local population in many countries of Asia and 
Africa. It is usually powdered in a flour mill and consumed in 
the form of porridge, dumpling or unleavened bread. Dehusked 
pearl millet can be cooked in the same way as rice and consumed.

Chem ical composition
The chemical composition of pearl millet is given in Table 

lA in the Appendix. The protein content varies from 10-14 
per cent. It is a good source of thiamine and fair source of niacin 
and riboflavin. It is a fair source of calcium and iron and a good 
source of phosphorus.



Protein.':: The proteins consist ot a mixture ot alhumin, 
globulins, prolamin and glutelins. Tlie} arv lair to good sources 
of essential anrino acids, the limiting amino acids Iming lysine and 
threonine. 'Fhe PER of the proteins range,', from 1.9-2.0 and is 
improved to a marked extent to about 2..^-2.7 by supplementation 
\Mth Ivsinc.

Nutritive value of poor pearl m illet diet
Poor pearl millet diet bass d mainh on pearl millet and con­

taining small quantities of pulses (5 per cent), oil and vegetables 
promotes moderately good growth in albino rats (10-12 g week). 
It is deficient in calcium, vitamin riboflavin and proteins. 
Supplementation of the diet with processed protein foods (based 
on oilseed meals and legumes and fortified with essential vitamins 
and minerals) makes up the deficiencies in the diets and promotes 
good growth in albino rats. Children fed on poor pearl millet diet 
maintain positive N, Ca and P balance. (Swaminathan, 1967, 
1969).

1.7.4 MINOR M ILLEI'S
The following millets e.g., Italian millet {Setaria Jtalica) 

Little millet [Panicum miliare), Common millet {Pmiinnn mi’ia- 
ccum) and Kodu millet [Paspaluvi scrohiculutnm) are cultivated 
and consumed in some regions in India and other countries.

C hem ical com position
'Phe cl'.cmical composition of these millets is given in Table 

1A in the .'\ppendix. The protein contents of these millets range 
from about 7 to 13 per cent. Thev are good sources of thiamine 
anel fair source.  ̂ of ribollavin and niacin. Thev are fair sources 
of calcium and iron and good sources of phosphorus.

Proteins: I'he essential amino acid composition of these 
millets is given in Table 4A in tlie Appendix. They are fair to 
good sources of the different essential amino acids, the limiting 
amino acids being lysine and threonine. The protein efficiency 
ratio values range from 0.7 to 0.9.

Nutritive value o f poor diets
Poor diets based on these millets promote low growth in 

albino rats (5-8 g/w'eek).



2.0 LEGUMES (Pulses)
The edible legunnr.oiis seeds are important sources of pro­

teins in the dietaries of millions of people in Asian, African and 
Latin American countries. The common legumes may be 
broadly grouped under three heads (/) grams («) peas and {Hi) 
beans. The term pulses are used for leguminous seeds in India.

M ethods of preparation of legum es
Legumes are prepared for consumption in several ways such 

as whole legumes, dehusked split legumes known as dhal in India 
and legume flour.

Whole legumes: They arc soaked in water overnight and 
cooked in excess boiling water for 20-30 minutes. Excess of 
water is discarded. 'Phe cooked legume is seasoned with salt and 
condiments and consumed.

Dlial {dehusked split legumes): Legumes are consumed mainly 
in this form in India. The husk is removed in a mill and the 
dehusked legume is split. The dhal thus obtained is cooked in 
excess water for 20 to 30 minutes to a soft consistency. Salt, 
is added to taste.

Legume flour: I,eguine flour is prepared by grinding the 
dhal (dehusked split legume) m a flour mill. The flour thus 
obtained is used along with cereal flours in many common Indian 
preparations.

Chem ical composition o f legum es
The chemical composition of legumes is given in Table lA 

in the .Appendix. The protein cotitent ranges from 18-25 per 
cent. They are good sources of thiamine and riboflavin and fair 
sources of niacin. Legumes are fair sources of calcium and iron 
and good sources of phosphorus. They contain fair amounts 
of unavailable carbohydrates.

Proteins: The essential amino acid composition of the pro­
teins of legumes is given in Table 4A in the Appendix. It 
■will be observed that legume proteins are, in general, good sources 
of lysine and threonine in which cereal proteins are deficient. 
They are, however, poor sources of sulphur amino acids and



tryptophan of which cereals are good sources. Hence, legume 
proteins supplement effectively cereal proteins.

Toxic factors in legumes and their elimination: i\hmv of die 
legumes contain toxic factors which must be eliminated during 
cooking before they are consumed. The various toxic factors 
present in legumes mat' be broadly grouped under three heads 
{i) trypsin inhibitors (;7) haemagglutinins and growth inhibitors 
and {Hi) other toxic factors.

I ’rypsin inhibitors, haemagglutinins and growth inhibitors 
are destroyed by autoclaving the legumes at 15 lbs pressure for 
30 minutes. Other toxic factors present in certain groups of 
legumes are goitrogenic factors, cyanogetic glucosides, and sapo- 
nins. d’hese can be leached out by cooking tlie legumes in excess 
of water and discarding it. In addition, legumes of lalhyius 
family contain toxic factors wliich cause the disease latliyrism. 
Tltese toxic factors can be eliminated I j v  Ci'iLsinu the legunic for 
10 minutes in e.vcess ot v,ati.r and discardir.n uie e..U: r.

Effect of heat processing on the .uudii-.o  \T.tae o f tlie 
proteins

Heat processing, in general, improves the nutritive value of 
legume proteins, by inactivating trypsin and growth inhibitors 
and haemagglutinins. The Ph.R values of heat processed legume 
proteins range from 0.8 to 2.2.

Supplementary value of legume proteins to cereal preteins: .Since 
legume proteins are good sources of Ivsine and llnvmiine in which 
cereals are deficient, they supplement effectively cereal proivins.

Supplementary value of legumes to poor cereal diets: i.egumes, 
when incorporated in poor cereal diets at 15 per cent level along 
with vitamins and minerals bring about a marketl improvement 
in the overall nutritive value of the diets as judged by the growth 
of albino rats. Hence, increased production and consumption of 
legumes will help to overcome protein deficiency in the diets of 
low income groups of the population in the developing countries. 
(Swaminathan, 1967, 1969).

3.0 NUTS AND OILSEEDS
Nuts and oilseeds are cultivated in different countries and 

used mainly as a source of oil. They are, however, rich potential



sources of proteins for use as supplements in human diets. The 
most important of these are peanut (groundnut), soybean, 
cottonseed, sesame seeds, copra, sunflower seeds, and safflower 
seeds.

3.1 PE.-INUT {Groundnut)
Peanut is cultivated in large quantities in many Asian and 

African countries and in U.S.A. It is used mainly for the pro­
duction of oil. Edible peanut flour and peanut protein isolate 
(obtained from the meal) are being used in India in the production 
of processed protein foods, weaning foods and toned milk. 
Peanut butter is also produced on a large scale in U.S.A. Peanut 
harvested under moist condition has been found to be infected 
by Aspergillus flavus which produces aflatoxin. This can be 
avoided by drying the peanut immediately after harvest in a 
drier to a low moisture content.

Chem ical composition
Peanut contains about 22-28 per cent proteins and 42-50 per 

cent oil. It is a good source of thiamine, niacin, pantothenic 
acid and a fair source of ribofla\in. Peanut is a good source of 
phosphorus and fair source of iron and calcium.

Proteins: The chief proteins in peanuts are globulins known 
as arachin and eonarachin. The limiting amino acids in peanut 
proteins arc lysine, threonine and methionine. The PER of 
peanut proteins ranges from 1.6-1.8.

Peanut products
The important products from peanuts arc (1) roasted 

decuticled kernels (2') peanut candies (3) peanut butter (4) peanut 
milk and curds and (5) peanut flour.

Roastedpeaiut kernels: Roasted peanut kernels are commonly 
consumed in India as a snack. Mild roasting of the kernels does 
not cause any appreciable destruction of thiamine present. 
Roasted ke.-iiels arc also added to several cereal food pieparations.

Peanut candies: Candies based on peanut kernels and sugar 
or jaggery are rich sources of proteins and calories. The 
traditional candy preparation based on peanut and jaggery (crude



cano sugar) are widely consumed as a snack by the low income 
groups in India.

J^emmt milk and curds: Peanut milk is prepared b}- grinding de- 
cuticled peanut kernel into a line paste and mixing with 8 times 
the weight of water. Lime water (calcium hydroxide solution) 
is added (100 ml per litre of peanut milk) to stabilise the milk and 
to increase its calcium content. 'Fhe milk is strained through a 
muslin cloth and heated to boiling. Sugar is added to taste. 
The milk can be converted into curds by seeding with lactic 
curd obtained from cow’s milk. Both the milk and curds have 
a pleasant nutty flavour and are acceptable to a large majority 
of the consumers.

Peanut butter: Peanut butter is manufactiued on a large 
scale in LhS.A. and used as a supplement in human diets. The 
method of preparation is as follows (1) roasting, decuticling and 
sorting (2) grinding to a smooth paste (S') removal of a part of 
peanut oil and addition of hvdrogenatcd fat and (4) fortifreation 
with vitamins and minerals.

Peanut flour: Edible low tat peanut flour is prepared from 
lightlv roasted dccuticled kernels as follows: The peanut kernels 
arc lightlv roasted and the red skin is removed by rubbing. 'The 
spoilt seeds (fungal affected) are removed by handpicking, fl’he 
cleaned kernels arc pressed in an expellcr to reniov,- oil. d’he 
residting white cake is powdered in a flour mill. The flour 
thus obtained has an attractive creamy colour and acceptable taste. 
The protein content of the flour is about 48 to 50 per cent. It 
can he consumed in the form of porridge sweetened w ith sugar. 
The flour can also be added to cereal flouis at 10 per cent level 
in common food preparations. Peanut flour has been used in 
the preparation of processed protein foods such as Indian multi­
purpose food, Bal-ahar and Balanced malt food. (Swaminathan 
1967, 1969).

Supplementary value o f fortified peanut flour and peanut 
curds to diets o f cliildrea

I'eeding experiments carried out with sclrool children b.we 
shown that a daily supplement of 50 g. peanut flour (fortifled 
wirli calciun' salts, vitamins .'V and D and riboflavin) or 12 ounces 
of peanut curds (fortified with vitamins and calcium) over a period



of 3-6 months brings about highly significant improvements in 
their growtli and nutritional status. (Svvaminathan, 1967, 1969).

3.2 SOYBEAN
Soybean is cultivated extensively in some .Asian countries 

and in U.S..*\. It is a rich source of protein. During recent 
vears a good deal of work has been carried out in different coun­
tries on the development of processed products based on soybean 
for use as supplements in human diets. These include (1) 
milk substitutes and infant foods (2) soyfiour and processed foods 
based on sov flour and (3) other processed soya products.

Chem ical composition
The chemical composition of soybean is given in Table lA 

in the .Appendix. I ’he protein content ranges from 35-45 per 
cent and fat content from 17-22 per cent. It is a good source of 
thiamine, and niacin and a fair source of riboflavin. Soybean 
contains trvpsin and growth inhibitors and haemagglutinins.
These can be inactivated bv autoclaving soybean at 14 lb pressure 

for 30 minutes.
Proteins: 'i'he chief protein of soybean is a globulin known 

as glycinin ; other proteins present in small amounts are phascolin 
and legumelin. Soybean proteins are good sources of all essential 
amino acids except methionine which is the limiting amino acid 
(Table 4.A in the Appendix). Since the proteins arc good sources 
of lysine and threonine, they supplement effectively cereal 
proteins. I'he PER of heat processed soybean proteins ranges 
from 1.9-2.2 and is increased markedly to 2.8-3.0 by supplementa­
tion with methionine.

Processed soybean products
MUk substitutes and Infant foods: Processes for the production 

of milk substitutes based on soybean have been developed by 
.several tvorkers. Tine process consists in grinding dccuticled 
soybean in hot water, straining the milk through a fine sieve, 
heating the milk at 14 1b pressure for 30 minutes to destroy 
trypsin and grow'th inhibitors and haemagglutinins and fortifying 
with sugars, vitamins and minerals. The milk substitute thus



obtained can be consumed as fluid milk or dried in a spray driei 
Both the fluid milk and the dried milk substitutes can be used for 
feeding infants and as a supplement to the diets of weaned infants 
and preschool children.

Soybean flour and processed prolthi foods based on soybean 
jlour: Three types of edible soybean flour viz., full lat, low fat 
and defatted soybean flours, are being manufactured in U.S.A, 
They can be used in the preparation ot processed protein foods 
and for enriching bakery products, breakfast cereals and paste- 
goods.

Multipurpose food: This consists ol low fat or defatted 
soybean flour fortified with vitamins and minerals.

Soup powder: A soup powder formulation based on a blend 
of soybean, peanut and pea flouis, skim milk powder, condiments 
and spices and fortified with \itamins and minerals has been 
described.

Protein foods: Protein foods based on blends ot soybean, 
peanut and coconut flours and fortified \\ ith vitamins anel minerals 
have been developed at C.F.T.R.I., INIysore (Swaminathan. 
1966). The foods can be used for the treatment and prevention 
of protein malnutrition in preschool children and expectant and 
nursing motliers in developing countries.

I'afu {Soybean protein curd): I'otu is manufactured in 
large quantities in Japan and used as a supplement to the daily 
diet. Tofu consists of soybean protein curd precipitated from 
soybean milk by the addition of calcium or magnesium salts. 
The curd is pressed into the consistency of cheese, f resh tofu 
can be preserved in a refrigerator for a tew days. Dried or 
smoked tofu, however, keeps well for long periods and can be 
readily transported in cans and other suitable packings.

Natto: Natto is a product resembling cheese. 'I’he method 
of preparation of Natto is as follows; Soybeans are cooked in 
boiling water for 5 hours, and the cooked bean is inoculated with 
Bacillus Natto culture at 60 C, tied in paddy strari and allowed 
to ferment for 24 hours. The lermented product is consumed 
in the fresh state in Japan.

Tanpeli: This product is M'idth- consumed in Indonesia. 
The method of preparation is as follows; Cooked soybeans are 
inoculated with A. crjzae and the mycelium is allowed to grow



for about 48 hours after which the material is fried in oil or 
sliced and cooked in soup.

Miso: Miso is one of the most popular foods in Japan 
and is mainly consumed along with soup and vegetables. A 
mixture of soybean flour and rice flour is made into a paste using 
water and inoculated with fermented rice {rice Koji) and fermented 
for 3 to 4 days. The principal organism in fermentation is 
A-oryzae.

Soya sauce: Soya sauce is consumed widely in Japan. A 
mixture of cooked soybean and wheat flour is inoculated with 
A~oryzae and incubated at 40°C for 72 hours. Salt solution is 
added and the fermentation is allowed to proceed for periods of 
3 months or longer. The soya sauce is pressed out, filtered, 
sterilised by heat and bottled.

Supplementary value o f soybean flour to poor cereal diets
Studies carried out wdth albino rats have shown that in­

corporation of heat processed soybean flour fortified with vitamins 
and minerals at 7 per cent level in poor cereal diets based on 
common cereals and millets makes up the deficiencies in tlic 
diets and promotes excellent growth comparing well with that 
obtained when Bengalgram was incorporated in the diet at 15 
per cent level. (Swaminathan, 1967, 1969).

3.3 SESAME
Sesame is cultivated in many tropical and sub-tropical 

regions. The seed is used mainly for the production of sesame 
oil. Small quantities are consumed directly in various traditional 
food preparations. Two varieties i.e., black and white are com­
monly grown.

Chem ical composition
The protein content of the seed varies from 16-20 per cent 

and oil content 55-60 pei cent. The whole seed is a good souice 
of thiamine and a fair source of riboflavin and i iacin. The seed 
is rich in calcium. Most of the calcium is present as oxalate in 
the seed coat. The dehusked seed has low calcium and oxalic 
acid contents.



Oil: Sesame oil is a rich source of essential fatty acids.
PrnteiJis: Sesame proteins consist of a mixture of globulins. 

The proteins are fair to good sources of all essential ammo acids. 
It is a rich source of methionine and tryptophan but is deficient 
in lysine. The PER of sesame proteins ranges from 1.7-I.b 
and is increased markcdhi' to 2.7-2.9 wlren supplemented witli 
lysine.

Sesam e products
Edible sesame flour: Edible sesame flour is prepared â  

follows: Sesame seeds are moistened with water and the seed 
coat is removed by rubbing. The decuticlcd seed is crushed in 
an cxpeller for removing the oil. dflie white cake thus obtained 
is powdered in a flour mill. The flour thus obtained has about 
35-40 per cent proteins and 10-12 per cent oil.

Processed protein foods containing sesame flour: Sesame flour 
has been used along with peanut and sovbean flours for the pre­
paration of protein foods suitable for supplementing the diets 
of children (Swaminathan 1969). The protein foods have been 
found to be effective supplements to human diets.

Use of sesame seed in food preparations: Sesame seed is used 
in Mexico and Venizucla along with coni as an ingredient of 
bread. Sesame seed candy prepared from decuticled seed and 
jaggery (crude canc sugar) is used widely in India as a snack. 
Crushed sesame seed is also incorporated in several cereal food 
preparations in India and middle East Countries.

3.4 COCONUT
Coconut is cultivated in large quantities in Phillipines, 

Ceylon and Kerala State of India. Coconut is used mainly for 
the production of oil. The cake prepared carefully for edible 
purposes, is a good source of proteins and can be used as a supple- 
mc:tt to human diets. Coconut is used as such to some extent 
in the daily diet. Tender coconut water is also consumed to a 
limited extent during the summer season in India.

Chemical cotnpositioJi: The chem'cal composition of cocoini': 
.and its products is given in d'able 13.5.



Table : 13.5 C h em ica l co m p o sitio n  o f c o co n u t an d  its products
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1. C oconut kernel (tender) 90.8 0.9 1.4 0.6 6.3 41

2. C oconut kernel from 
m ature  nu ts 46.3 4.1 37.3 3.4 1.0 7.9 4S4

3. C opra 4.8 7.1 64.4 5.9 1.7 16.1 672

4. D esiccated  coconut 3.5 6.3 57.4 7.5 1.3 24.0 618

5. C oconut w ater (from 
ten d e r coconut) 95.0 0.14 0.13 .  .  . 0.63 4.1 19

6. C oconut niilk (from  
m ature  nuts) 89.8 0.8 7.2 0.2 2.0 76

7. C oconut meal 11.2 20.9 13.3 10.5 4.9 39.2 360

Coconut kernel: Coconut kernel from mature nuts contains 
only 4.1 per cent protein but is a rich source of fat (37.3 per cent). 
Coconut kernel from tender nuts is a poor source of protein.

Copra: Copra contains only 7.1 per cent protein but is a rich 
source of fat (64.4 per cent).

Desiccated coconut: It is prepared from mature coconut 
kernel as follows: The brown testa is removed, the kernel is 
washed in water, shredded and dried in a hot air drier at 50-55°C. 
Desiccated coconut is used in cakes, pastries and chocolates.

Coconut meal: Edible coconut meal prepared from good 
quality copra by expressing the oil in an expeller (screw press) 
is a good source of protein (20-22 per cent). Since it contains too 
much of fibre, it can be consumed in small quantities (30-40 g 
per day) mixed with the cereal flours or pulse flours.

Coconut loater: Coconut water from tender coconut is a poor 
source of protein and calories.

Coconut milk: Coconut milk is obtained from grating mature 
coconut, blending it with 6 times the weight of water containing 
small quantities of NaHCOg(0.1 per cent) and pressing the milk



tlirough a cloth. It is a poor source of protein (0.8 per cent) 
hut a good source of fat (7.2 per cent). If coconut milk is mixed 
u ith equal quantities of soybean milk (protein 4.2 per cent and tat
2.2 per cent), the protein content of the mixture will be 2.5 per 
cent and fat content 4.7 per cent. A blend of equal volumes of 
coconut and soybean milk sweetened with sugar (at 4.0 per cent 
of milk) will form a gooei supplement to the diets of weaned infants 
and preschool children of the low income groups in the developing 
countries.

S^ulriiive value of coconut proteins: Data regardingtheessen­
tial amino acid composition of coconut proteins given in Table 4.\ 
in the Appendix indicate that coconut protein is a moderately good 
source of all essential amino acids. The protein efficiency ratio 
is fairly high ranging from 2.1-2.4 at 10 per cent protein level.

Suppletnentary value of coconut meal to poor cereal diets: 
Coconut meal fortified with calcium salts, vitamins A and D and 
riboflavin when incorporated at 10-20 per cent levels in poor cereal 
diets makes up the deficiencies in the diets and promotes good 
growth in albino rats. (Swaminathan 1969)

3.5 COTTOXShED
Cottonseed contains on an average 44.5 per cent hulls (in­

cluding linters) and 55.5 per cent kernels (meat). Delintered 
cottonseed contains about 36 per cent hulls and 64 per cent kernel.

Chemical composition: Data regarding the chemical com­
position of cottonseed and kernels (meat) are given in Table 13.6.

Table 13.6 C h em ica l c o m p o sitio n  o f w h o le  c o tto n se ed  an d  
c o tto n se ed  k ern e ls

.Moi.-turr C rude P ro te in  F a t
r )  (%) (% )

C ottonseed (whole) 10.0 19,5
C ottonseed kernels (m eat) 7.0 30.5

18.8
30.8

Gossypol: The kernel contains a toxic principle known as 
gossypol, Gossypol reacts with the e-aiuino group of Ivsine 
moiety in proteins during the process of expelling cottonseed 
oil from the kernel.



Cottojiseed proteins: Data regarding the essential amino acid 
content of cottonseed proteins given in Table 4A in the Appendix 
indicate that the proteins are fair sources of all essential amino 
acids. The PER of the proteins ranges from 1.9-2.2. The 
limiting amino acids are lysine, methionine and threonine.

Cottonseed oil: Crude cottonseed oil obtained by the ex- 
peller process contains gossypol. This can be removed bv re­
fining and bleaching. The refined and bleached cottonseed oil 
is a good source of the essential fatty acid-Iinoleic acid and also 
vitamin E.

Edible cottojiseed flour: Edible cottonseed flour contains 
about 50 per cent proteins and has been used as an ingredient of 
weaning foods and processed protein foods suitable for the treat­
ment and prevention of protein-calorie malnutrition in children. 
Incaparina (Formula 9) developed by the INCAP, Guatemala, 
contains about 38 parts of cottonseed flour, 29 parts of corn, 
29 parts of sorgluim, 3 parts of torula yeast, 1 part of calcium car­
bonate and 4500 LU. of vitamin A. It has been widely used for 
the treatment and prevention of protein-calorie malnutrition 
among preschool children in Guatemala. (Swaminathan 1969).

3.6 SUNFLOWER SEED
Sunflower seed is being cultivated extensively in U.S.S.R. 

and Argentina. The cultivation of sunflower seed on a large 
scale is being encouraged in India.

Chemical composition: Data regarding tlie chemical com­
position of sunflower seed arc given in 'Fable 13.7. 'Phe seed 
consists of hull and kernel. The hull forms about 48 per cent 
and the kernel about 52 per cent by weight of the whole seed. 
The kernel contains about 28.0 per cent proteins and 42.0 per 
cent fat.
HjX.,;;

' Table 13.7 The composition of sunflower seed and kernel

M o is tu r e C r u d e  p r o t e i n F a t H u l l s
0//o (NX 6 .2 5 ) % /o %

S u n f lo w e r  s e e d  (w h o le ) 4 .5 12.5 2 4 .2 4 8 .2
S u n f lo w e r  s e e d  (k e rn e l) 4 .4 24 .0 47 .3 3 .8



Nuti'ilive value of proteins: D;ita rcj^arding tha essential 
amino acid content of the proteins of sunliower seeds gi\en in 
Table 4A in the Appendix, indicate that the proteins are unod 
sources of all essential amino acids except lysine. I'he I’MR ot 
SLinilovv'er seed proteins is fairly high ranging from 2.1-2,4.

Use of sunflower seed meal in feeding; infants: Sunflower seed 
meal luis been successfully used along with rice llour, malt 
extract and sugar in feeding infants, allergic to cow’s milk. There 
is scope for the incorporation of sunflower seed meal in weaning 
food and protein food formulations.

Sunfloiver seed oil: Sunflower seed oil is a rich source ol the 
essential fatty acid-linoleic acid, containing about 38 per cent.

4.0 Mir>K AND MILK PRODUCTS

Cow's milk is being used throughout the world for feeding 
infants and as a supplement to the diets of children and adults. 
Buffalo milk is also used in some countries as a supplement to 
human diets. Milks of other mammals e.g., goat, sheep and camel 
are used to a very small extent in sonre countries.

Chemical composition: Data regarding the chemical com­
position of milk of some mammals are given in Table 13.8. It 
will be noted that there are wide variations in the contents ot 
proteins, fat and minerals between the milks of different mammals. 
The discussion which follows relates to the nutritive value ot 
cow’s and buifalo irulk.

Nutritive value of proteins: The proteins of milk consist of 
casein (a phospho protein), albumin and small amounts of globu­
lins. The protein contents of cow’s and buifalo milks arc about 3.3 
and 4.1 per cent respectlveh . Milk proteins are rich sources of 
all essential amino acids. They are slightly deficient in sulphur 
amino acids as compared to egg proteins. The PER of cow and 
buffalo milk proteins ranges from 2.9 to 3.2 and the NPLI from 
70 to 73. Since milk proteins are good sources of lysine and 
threonine, they supplement effectively cereal proteins.

Fat: The fat content of cow’s milk is about 3.3 per cent 
while that of buffalo milk is about 7.0 per cent. The fat of cow's 
or buffalo milk is a poor source of essential fatt}' acids. The



T a b le  13.8 C om posision  o f  meik fr o m  d ifferen t m a m m a ls
(V a lu e s  p e r  100 g)

S p e c ie s
F a t

to

P r o te in  
( N  X 6 .3 8 ) 

g

L a c to s e
a n h y d r o u s

g

E n e rg y
v a lu e

K C a l

H u m a n 4 .6 2 1.23 6 .9 4 73

C o w : F r ie s ia n 3 .5 0 3 .25 4.60 62

G u e r n s e y 4 .6 5 3 .65 4 .70 75

B u ffa lo 7 .45 3 .78 4 .9 0 100

G o a t 4 .50 3 .3 0 4.40 71

E w e 7 .50 5 .6 0 4 .4 0 105

M a rc 1 .60 2 .2 0 6 .0 0 47

A ss 1 .50 2 .1 0 6 .2 0 46

C a m e l 4 .20 3 .70 4 .10 70

Y a k 7 .0 0 5 .2 0 4 .50 100

L la m a 3 .20 3 .9 0 5 .30 65

R e in d e e r 2 2 .5 0 10 .30 2 .4 0 2 50

E le p h a n t 9 .3 5.1 3 .7 121

P ig 8.5 5 .8 4 .8 122

R a b b it 16 .7 10 .4 2 .0 206

vitamin A content of milk fat (butter) varies from 700 to 1200 I.U. 
per 100 g.

Lactose: The main sugar present in milk is lactose. The 
lactose contents of cow and buffalo milks vary from 4.5 to 4.9 
per cent.

Vitamins: The vitamin A contents of cow’s and buffalo 
milks range from about 150-200 I.U. per 100 g. The contents 
of other vitamins per 100 g. are as follows: thiamine 40-50 /rg; 
riboflavin 150-200 jug; Niacin 70-80 Mg; Vitamin 0.4-0.5 Mg; 
folic acid 3.3-5.6 Mg- and ascorbic acid 2-2.5 mg.

Calciu7ii: Milk is a good source of calcium. The calcium 
contents of cow’s and buffalo milks are about 0.12 and 0.19 per 
cent respectively.

Other minerals: Cow’s and buffalo milks are good sources of 
phosphorus, magnesium and potassium but poor sources of iron 
(0.2 mg/lOOg).



OTHER TYPES OF LIQUID MILK

Skimmed milk {Separated milk). It is prepared by removing 
the fat from whole milk by using a cream separator. The 
quantity of fat left is about 0.05-0.1 per cent. Since it does not 
contain fat and vitamin A, it should not be fed to infants. It can. 
however, be used as a supplement to the diets of older children 
and adults. Its nutritive value is given in Table lA in the Appen­
dix.

Toned milk: Toning can be defined as the addition of re­
constituted skim milk to whole bufialo milk so as to reduce the 
fat content to 3.0 per cent and solids-not-fat (S.N.F.) to 8.5 per 
cent. Its nutritive value is almost similar to that of fresh cow’s 
milk.

Double toned milk: Double toned milk is prepared by mixing 
cow’s or buffalo millr with fresh skim milk or skim milk reconsti- 
;a::eJ from skim milk powder so that the fat content is not less 
lis.ni 1.5 per ce;it and S.N.F. 9.0 p. r cent. Its nutritive value 
IS similar to that of toned milk except for lower fat and vitamin A 
contents.

Recombined inilk: Recombined milk means the hemogenized 
product prepared from milk fat, skim milk powder and water. 
Its fat content should not be less than 3.0 per cent and S.N.F.
8.5 per cent. Its nutritive value is alnaost similar to that of 
toned milk.

Filled milk: Filled milk is prepared from refined vegetable 
oil and skim milk powder and water. It is also fortified with 
vitamin A. Its fat content should not be less than 3.0 per cent 
and S.N.F. S.5 per cent. Its nutritii'e vahie is similar to that of 
toned milk. '

Standardised milk: Standardised milk is prepared from 
buffalo milk or a mixture of buffalo and cow’s milk by mixing with 
skim milk so that the fat content of the mixture is reduced to
4.5 per cent and S.N.F. 8.5 per cent. Its nutritive value is 
almost similar to that of cow’s milk.

Sterilized milk: During the process of sterilization, some 
portion of the vitamins present is destroyed. The percentage 
destruction of different vitamins is approximately as follows: 
thiamine, 30 per cent; ascorbic acid 50 per cent; vitamin B ,



90 per cent; vitamin A, 17 per cent, riboflavin, IS per cent and 
pyridoxine, 50 per cent.

Evaporated milk: In the preparatioir of evaporated milk, 
the milk is subjected to sterilization at 240-245°F for IS minutes. 
Hence, there is appreciable loss of several vitamii'S. The per­
centage losses of vitamins are of the same order as that occurring 
in sterilised milk. It is diluted with an equal amount of boiled 
water and used in Europe and America for feeding infants.

Szveete?iedcondensed milk: Sweetened condensed milk contains 
about 40 per cent sucrose but the concentration of milk solids 
is nearly the same as in evaporated milk. Because of its high 
sucrose content, it is not suitable for feeding infants. It can, 
however, be given in small amounts as a supplement to the diets 
of older children.

Dried milk [milk powder): Two methods are commonly 
used for the preparation of dried milk (1) roller or drum drying 
and (2) sprav drying. Tlic powder obta.iiied b\- tlie I'o llc r process 
has a solubdity of only about 8S per cent ;is compared ■'.vith a 
solubility of 98 per cent for spray dried powder.

Whole milk powder: Whole milk powder obtained from 
standardised milk contains about 26 per cent proteins and 26 
per cent fat. It is about 8 times as much concentrated as fresh 
cow’s milk. Milk reconstituted from whole milk powder is used 
for feeding infants.

Skhn milk powder: Skim milk powder contains about 3S 
per cent proteins and only traces of fat (0.5-1.0 per cent). It is 
a good source of calcium and B-vitamins. Since it is devoid of 
fat and vitamin A, it should not be fed to infants. Skim milk 
powder can be used as a supplement to the diets of children ami 
adults.

Instant skim milk powder: Recently, methods have been deve­
loped for the production of instant skim milk powder from sprav 
dried skim milk powder. The product disperses immediately 
and completely in water. The nutritive value of instant milk 
powder is similar to that of spray dried skim milk powder.

Malted milk powder: Malted milk powder is prepared from 
whole milk and malt extract. It contains about 15 per cent 
proteins and 7 per cent fat. It can be used as a food for invalids 
and convalescents and as a supplement to the diets of children and

24



adults. It is not suitable for feeding normal infants as it has a 
low fat content.

FERMENTED MILK
Yogurt: Yogurt and yogurt-like products are the tradi­

tional forms of sour milk consumed in Bulgaria and adjacent 
countries. The fermentation is brought about by lactic acid bacilli 
and yeasts. At present, yogurt is being manufactured on a large 
scale in Western Europe and North American countries. The 
product is made from whole milk or n hole milk concentrated to 
two-thirds its volume. The souring is brought about by a mixture 
of lactic acid producing streptococci and lactobacilli acidophilus. 
The nutritive value of yogurt is similar to that of the milk from 
which it has been prepared. During lactic fermentation, a part 
of the lactose is fermented to lactic acid and galactose is left 
behind.

Sour curds: This product is prepared on a home scale in 
India and consumed extensively. The fermentation of milk is 
brought about by mixed lactic organisms. A part of the lactose 
IS converted into lactic acid and galactose is left behind. The 
nutritive value of sour curds is similar to that of milk.

Therapeutic value: Fermented milks are generally considered 
to possess some therapeutic value in intestinal disorders. The 
development of lactic acid and the presence of lactic organisms 
inhibit the growth of many pathogenic organisms. Continuous 
consumption of lactic fermented milk mav help to change the 
intestinal flora. Fermented milk is more readily digested than the 
unfermented milk and hence is used in the treatment of intestinal 
disorders.

Cheese: The composition of cheese is given in Table 13.9. 
Cheese prepared from full fat milk is an excellent source of pro­
teins, fat, vitamin A, calcium and a fair source of riboflavin. It 
can be used as a supplement to the diets of children and ex­
pectant and nursing mothers.

Indigenous Indian milk products
The important indigenous milk products of India are (/) khoa 

(ii) Surati cheese (panir) and [Hi) channa. Khoa from full fat milk



Soft:

C h e e s e  t y p e
M o is tu r e

(g )
C a lo r ie s
( K C a l )
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(g)

F a t
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Hard:
C h e d d a r 3 7 .0 398 2 5 .0 3 2 .2 2.1 3 .7 750 478 1 .0 1310 0 .0 3 0 .4 6

S w is s 3 9 .0 370 27 .5 2 8 .0 1.7 3 .8 925 563 0 .9 1140 0.01 0 .4 0

Se?ni‘hard:
B r ic k 4 1 .0 370 2 2 .2 30.5 1 .9 4 .4 730 455 0 .9 1240 0 .45

R o q u e f o r t 40 .0 368 21 .5 30.5 2 .0 6 .0 315 339 0.5 1240 0 .03 0.61

C o t ta g e
( c re a m e d ) 78.3 106 13.6 4 .2 2 .9 1 .0 94 152 0 .3 170 0 .03 0.25

C o t ta g e
( u n c r e a m e d ) 7 9 .0 86 17.0 0 .3 2 .7 1 .0 90 175 0 .4 10 0 .0 3 0 .28

C r e a m 5 1 .0 374 8 .0 3 7 .7 2.1 1 .2 62 95 0 .2 1540 0 .0 2 0 .24

C a m e n b e r t 5 2 .2 299 17.5 2 4 .7 1 .8 3 .8 105 184 0.5 1010 0 .0 4 0.75

L im b u r g e r 4 5 .0 345 2 1 .2 2 8 .0 2 .2 3 .6 590 393 0 .6 1140 0 .0 8 0 .5 0
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is rich in proteins, fat, calcium ami \'itaniins. Surati cheese and 
channa are rich in proteins and fat.

Casein products: .Soluble c.iseiu products such as calcium 
caseinate or sodium caseinate are heiug rnaiuilaclured and market­
ed for use in the treatment of protein d^-heiency states. They 
contain .ibout SO-85 per cent pr.jteins.

Butter iuulghee [butter oil): Butter cont.iins about 82 per cent 
fat and .1500 I.U. of vitamin A per 100 y. (ihec is 100 per cent 
fat and contains about 2000 I.U. of \ itamin A per 100 g. Butter 
and ghee serve mainly as sources of f.it and vitamin A.

Icc cream: Icc cream contains on th.e a\eragc the following: 
Milk fat, 12 per cent; non-fat-milk solids, 11 per cent; .sugar, 15 
per cent. It is mainly a source of ep.ergx’ and contains only 4 
per cent proteins.

5.0 TIG VND KGG OR')1); t ’ i S \ \1 )
1 ).ita reus.rdi m ilie nutr hs

“GITLTRY
1 e;y; products

are gTen in 'I'ahle 1.1.10. 'A'liole egg contains about 15 per cent 
proteins and 13 per cent fat ami is a good source of vitamin A, 
riboflavin and vitamin B,.,. Its cholestci'ol content is 498 mg. per 
100 g. Kgg is a good source' of iron and phosphorus but a poor 
source of calcium.

E ’[> rvhite: Egg white contains about 11 per cent proteins. 
The chief protein is egg allaumin which accounts for 70 per cent 
of the proteins, th.e remaining .10 per cent being accounted by 
four other proteins viz., ovoglobulin, ovomucin, conaibumin and 
ovomucoid pre.sent in .■■.lall amounts. Egg '.vliite is a good 
source of ribollr. in .in>l corit.ii:).- a b.eat labile factor callcel aziJin 
which reacts with biotin ami makes it unavailable.

Eppyolk: Egg yolk contains about 16 per cent proteins and 
.11 per cent fat. It is a rich source ol vitamin A and riboflavin. 
It contains large amounts of cliolesterol (13.10 mg/100 g.) and is 
a go('d source of iron and phosjihonis.

powder: Egg powder contains about 49 per cent proteins 
and 43 per cent fat, and is a good source of vit.imiu A and ribo­
flavin. It is also rich in diolostcrol (3900 mgTOl) g) and is a good 
source of iron and phosphorus.
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Egg, Ilm ,

Whole (without shell) 73,7 12.9 11.5 0.9 163 1.0 54 205 2.3 1180 0.11 0.30 0.1
z

Yolk •Sl.l 16.0 30.6 0.6 348 1-7 141 569 5.5 3400 0.22 0.44 0.1 cH50
White 87.6 10.9 trace 0.8 51 0.7 9 15 n.i 0 trace 0.27 0.1

Duck egg,
>

Whok (^vIthout shell) 70,4 13.3 14.5 0.7 196 1.1 56 195. 2.8 1230 O.IS 0.30 n.i f—'W
Goose ego:, o

Whole ^without shell) 70.4 13.9 13,3 1.3 185 1.1 ... 6
o

Turkey egg, aC/2

Whole (without shell) 72.6 13.1 11.8 1.7 170 0.8 ...

Egg, Hen,

Whole, dried 2.0 48.9 42.9 2.5 609 3.7 194 832 9.0 4460 0.34 1.25 0.7

Egg white (powder) 8.8 80.2 0.2 5.7 372 5.1 66 no 1.0 0 0.04 1.99 0.2 OO



Nutritive value of egg proteins: Data regarding the essential 
amino acid content of egg proteins are given in Table 4A in the 
Appendix. Egg proteins are good sources of all essential amino 
acids and possess the highest nutritive value among dietary pro­
teins. The PER of egg proteins is 4.5 as compared with a value 
of 3.0 for milk proteins and the NPU 98, as compared with 70 
for milk proteins. Egg proteins being rich in S-amino acids and 
lysine supplement effectively the proteins of cow’s milk and of 
cereals respectively.

Poultry meat: Poultry meat is a good source of proteins. 
The protein content ranges from 18-22 per cent. It is a good 
source of certain B-vitamins. The PER of the proteins varies 
from 2.S-3.3 and the XPU, 65-70. The proteins are good sources 
of all essential amino acids.

6.0 MEAT AND EISH

Meat: Meat is a good source of proteins. 'J'he protein 
contents of meat from cattle, calf, sheep and goat vary from 
17-20 per cent while that from swine 11-15 per cent. Meat is a 
good source of several B-vitamins. It is a good source of iron 
and phosphorus but a poor source of calcium. The proteins of 
meat are good sources of all essential amino acids. The PER 
of the proteins of meat ranges from 2.7-3.3 and the XPU from 
65-70. Meat proteins, being rich in lysine supplement effectively 
cereal proteins. Data regarding the chemical composition of 
meat is given in Table lA in the Appendix.

Liver: Liver is a good source of proteins (17-20 per cent), 
vitamin A, riboflavin, folic acid and vitamin B̂ .̂ It is the richest 
natural source of vitamin Bj„. Liver is a good source of iron and 
phosphorus but a poor source of calcium.

Fish: I'ish is a good source of proteins containing from 17-20 
per cent. It is a fair source of certain B-vitamins. Fish proteins 
are good sources of all essential amino acids. The PER of the 
proteins ranges from 2.7-3.3 and NPU, from 65-70. Fish 
proteins being rich in lysine and threonine, supplement effectivelv 
cereal proteins. Large fish are good sources of iron and phos­
phorus but poor sources of calcium. Small fish eaten along with 
bones is a rich source of calcium. Fish protein concentrate (fish



flour) is a very rich source of proteins (containing about 70-80 
per cent) and of calcium.

7.0 VEGETABLES
Vegetables can be broadly classified under the following 

three heads: (i) green leafy vegetables (n) roots and tubers and 
{Hi) other vegetables. Data regarding the chemical composition 
of different vegetables are given in Table lA in the Appendix. 
The range of values is given in Table 13.11.

Table 13.11 T he nu tritive  v a lu e  o f  v e g eta b le s  and  fruits 
(R an ge o f  v a lu e s  per lOOg)

N u trien t G reen  leafy 
vegetables

R oots and 
tu b ers

O ther
vegetables Fru its

M oisture (g) 79—92 59—94 72—96 75— 90
C alories (K C al) 32—96 20—160 14—109 10— 80
C arbohydrates (g) 4 - 1 4 4—38 4—20 2— 20
P ro te in  (g) 1.9—6.7 0 .7 -3 .0 0.4—7.0 0.2— 2.0
F a t (g) 0.1— 1.7 0.1—0.3 0.1— 0.4 0— 1.0
Calcium  (mg) 30—500 10—50 1 0 -1 3 0 5—40
Iron  (mg) 0 .8 -1 6 .0 0.4—2.1 0 .5—5.8 0.1— 1.0
C aro tene (Pg) 1200—7500 30—3000 5—200 5— 500
A scorbic aci(J (mg) 45— 220 3—24 2— 66 2— 300
T h iam in e  (mg) 0.05—0.06 0.05—0.10 0.04— 0.25 0.05— 0.2
Riboflavin (mg) 0.11—0.14 0.01—0.07 0.01— 0.08 0.02— 0.1
N ico tin ic  acid (mg) 0.4—0.8 0.3— 1.2 0.2— 0.9 0.2— 1.0
Folic  acid (/tg) 10—30 3—6 5— 10 6—9
P o t issium  (mg) 250—570 200—370 200— 400 86— 250
.Sodium (mg) 4—91 1 8 -6 0 10— 48 5— 15

Green leafy vegetables: Green leafy vegetables are fair sources 
of proteins containing about 2-7 per cent. They are rich sources 
of provitamin A (carotenes) and ascorbic acid and good sources 
of folic acid and calcium. Some of the leafy vegetables may 
contain oxalic acid which may interfere in the absorption of 
calcium present in the diet. Green leafy vegetables form ex­
cellent supplements to poor cereal diets.

Roots and tubers: Roots and tubers are, in general, good 
sources of starch. They are poor to fair sources of proteins,



li-vitamiiis and ascorbic acid. The most important roots and 
tubers arc potato, srveet potato, carrots, tapioca (cassava) and 
colocasia.

Potato: Potato is a fair source of proteins, ascorbic acid and 
B-vitaniins. It can be used as a complete or partial substitute 
for cereals in the diet.

S-cU'L't potato: Sweet potato is a piam source ut pi'oieius but 
a lair source of ascorbic acid and P-viiamins. The yeilow 
flesh variety is a rich source of provitamin (carotene). Sweet 
potato can be used as a partial substitute for eeteals to ilie extent 
of about 25 per cent.

Carrots: Carrots are rich sources of pro\ itamin (carotene) 
and carbohydrates. They are poor sources of proteins and 
B-vitamins.

Tapioca [Cassara): Tapioca is a poor source of proteins. In 
Africa where tapioca is grown and consumed extensivelv, protein- 
caloric malnutrition is widely prevalent among preschool children

Taro {(Pjlocasia) {Cclocasia esculentv.m): 'Phis is widely culti­
vated in tile Pacific islands and in parts of .\frica ami Asia. It i.< 
a poor source of proteins. It contains large amounts of non­
available carbohydrates.

Yams: Yams are poor sources of proteins and contain large 
amounts of indigestible carbohydrates.

Other vegetables
The other vegetables may be broadly grouped under the 

following heads: (i) green peas and beans (?7) gourds and pumpkin 
and {Hi) ladies finger, brinjal etc.

Green peas and beans are good sources of proteins and B- 
vitamins. Gourds and pumpkins, ladies finger and brinjal are 
fair sources of ascorbic acid and minerals. Green peas and vellow 
pumpkin are fair sources of carotene.

8.0 FRUITS
Fruits contain different sugars, organic acids and are fair ti; 

good sources of ascorbic acid. A few of them are fair sources of 
carotene. Most of the fruits are poor to fair sources of U-vitamins.



Fruits are good sources of potassium and pectin. In view of 
the pleasant taste and flavour, fruit juices help to stimidate the 
appetite. Data regarding the chemical composition of fruits are 
given in Table lA in the Appendix and summarised in Table 
13.11 and briefly discussed beloev:

Soluble carbohydrutes: Fruits contain glucose, fructose and 
sucrose. I'he carbohydrate content varies from 2-20 <r/100 g. 
The calorific e alues of fruits also vary widely from about 10-SO 
KCal/100 g.

Ascorbic acid: The ascorbic acid content varies widely from
2.0-300 mg/lOOg. Citrus fruits are good sources (60-S0 mg/ 
100 g) while guava and Indian gooseberry are very rich sources 
(300 mg. and 700 mg/100 g. respectively). Apple and banana are 
poor sources.

B-vitamins: Fruits are poor sources of most of the 15-vitamins. 
They are fair sources of folic acid (6-9 /eg/100 g.)

Carotene: Fruits, in general, a.m poor sources of carotene, 
the exceptions being mango (3500 /jg). Papaya (1500 /ig). Orange 
(250 jj-a). Tomato (220 /<g) and Jack fruit (450 /.<g) per 100 g.

Pectin: Most of the fruits contain small amounts of pectin. 
Some e.g., guava, apple, contain appreciable amounts of pectin.

Potassium: Fruits are good sources of potassium. (250-570 
mg/100 g.).

9.0 FATS AND PROCESSED FAT PRODUCTS
Fats and fat products serve mainly as a source of cnerg}'. 

They arc also important sources of essential fatty acids. Some 
are also good sources of vitamin A and vitamin E. The essential 
fatty acid contents are given in Table 3.5 and 3.6 in Chapter 3. 
The nutritive value of some groups of fats is summarised in 
'Fable 13.12 and briefly discussed below;

Fats of animal origin: They arc poor sources of vitamin E 
and essential fatty acids. They also contain cholesterol.

Fats of vegetable origin:  ̂egetablc fats (with the exception 
of coconut oil) arc good sources of essential latty acids. Sunflower, 
safflower, sesame, soybean and cottonseed oils are rich sources of 
essential fatty acids. 'Phey are also good sources of vitamin E.



ESSENTIALS OF FOOD AND NUTRITION 

Table 13.12 N u tritiv e  v a lu e  o f fats

N am e of fat M oistu re
%

Fat
0/
yO

C alorific
value

KCal/lOOg

V itam in .A 
value ( l .U ./  

lOOg)

V itam in
E ! m g/ 
lOOg)

Fats o f animal origin
B atte r 14 86 774 700 2.4
G hee (clarilied b u tte r fat) 
.Animal body fats (lard, suet

100 900 600 2.0

and beef d rip p in g ) 100 61)0 1 .0 -2 .0

F ats o f vegetable origin:
V egetable oils and fats 100 900 8— 140
R ed palm  oil 100 900 4000— 10,000 10— 15

Processed fa ts :
M argarine 14 86 774 700 10— 50
Shorten ings 100 900 10— 50
V anaspath i 100 9U0 700 10— 30

10.0 STARCHY FOODS, SUGARS AND SYRUPS
P'ood products based on starch and sugar arc widely con­

sumed. They contain mainly carbohydrates and serve only 
as a source of energy. The carbohydrate content and calorific 
value of some starchy foods and syrups are given in Table 13.13.

Table 13.13 Carbohydrate co n ten t and  ca lo r ific  v a lu e  of produ cts based  
o n  sta rch  and  sugar

M oisture
%

C arbohydrates C alories 
% KCal/lOOg

Starchy foods :
Cu.stard pow der, arrow root flour

and sago 12— 14 86— SS 344—352
S y rups 30— 35 65— 70 260— 280
H o n ey  20— 25 75— 80 300— 320

Starchy foods
The common starchy food preparations are custard powder, 

arrow root flour and sago.



Custard powder: This consists usually of corn starch con­
taining edible colour and flavour.

Arrow root flour: This consists only of arrow root starch. 
It is used as an invalid food along with milk.

Sago: Sago globules are prepared from cassava starch or 
sago palm starch. It has the same nutritive value as starch.

Syrups: Syrups contain sugars, edible flavour and colour.
Honey: Honey contains sugars and traces of minerals and 

vitamins.

. 11.0 BEVERAGES
A large variety of beverages are consumed by human beings 

all over the world. These may be broadly grouped under the 
following heads: (1) Coffee, tea and cocoa, (2) Fruit juices and 
squashes, (3) Miscellaneous beverages such as coconut water, 
Neera, sweetened carbonated drinks, etc. and (4) Alcoholic drinks. 
A brief account of the different beverages is given below:

Coffee, T ea and Cocoa

Coffee, tea and cocoa are widely used as beverages. They are 
invigorating drinks and remove a sense of exhaustion, due to the 
stimulating action of substances like caffeine or theobromine 
present in them.

Coffee
The stimulating effect of coffee is due mostly to its content of 

caffeine. Coffee also contains some essential oils which are 
pleasing to the taste. Caffeine stimulates gastric secretion and 
hence may aid digestion to a certain extent. It has a delaying 
action on the emptying time of the stomach and hence it allays 
a sense of hunger.

Nutritive value: The chemical composition of a cup of coffee 
•containing 6 ozs. of decoction, 2 ozs. of milk and 15 grams of sugar 
is given in Table 13.14.

Effects of excessive consumption: Excessive consumption of 
coffee is likely to be harmful, due to high intake of caffeine. 
Caffeine in excess produces insomnia and causes irritability and



rapid heart action. It also causes increased excitability of the 
ner\ ()us system, particularly in the ^ery yoinii^ and the old.

1 ea

Tlie. stimulating eltect of tea also is due to its caffeine content. 
Nutritive value: Since very little milk goes into the making 

of a cup of tea, its iiutritiye yalue is far less than that of coffee, 
'rile nutritic e value of one cup (.d tea containing 7 ozs. of decoction, 
1 oz. of mill; and 15 grams of .sugar is gic en in 'I'able 13.14.

T a b le  13.14 The chem ical composition of coilee, tea and cocoa
(V:iliu-s per cup)

C offte Ten Cocoa

P ro te in  (t') 1-8 II 9 7.2
F a t (p) *) n l .l 8.8
C arbohydrates (^0 17.8 l(>.4 26.2
C  ilcium (a) 11.068 O.O.U 0.27
Ph ' .:4iorus fe) 11.(150 6.025 (1.20
V itam in A ( l .C .) 1(>2 .51 408
Calurics (IvCui) 98 7 b 21-5

Excessive consumption of tea has the same effects as excessive
consumption of coffee. Sijtce, it is a rich source ol (.i.xalic acid,
excessive consumption of tea may lead to the development of 
renal calculi.

Cocoa
Cocoa contains a substance called theobromine which has sti­

mulating properties like caffeine. Cocoa bv itself has a higher 
protein content than coffee or tea (without milk). Cocoa gives a 
pleasant llavoiir to milk. Since more milk goes into the making 
of a cup of cocoa than of coffee or tea, a cup of cocoa has a higlicr 
nutritive value than a cup of coffee or tea. I'he chemical com­
position of one cup of cocoa containing 8 oz-s. iff milk, 6 g. of 
coco.I and 15 g. of sugar is given in Tsible 13.14.

'I'aken in moderation, the.'e beverages act as mild stimulants 
and add to the nutritive value of the diet, because of the milk 
and sugar taken along with them.



F r u i t  B e v e r a g e s

The beverages based on fruits include fruit juices, squashes 
and cordials.

Fruit paces: The fresh juices extracted from the various 
fruits contain mainly sugars and small quantities of vitamins 
and minerals. The acid taste is due to the presence of organic 
acids. The chemical composition of some fruit juices is given 
in Table 13.15.

Fruit juice sguashes: Squashes arc prepared by the addition 
of sugar, organic acids and preservatives to freshly expressed 
fruit juices. Squashes are usually diluted with water before 
consumption (Table 13.15).

Fruit juice cordials: Fruit juice cordials differ from the fruit 
juice squashes in that the suspended fruit pulp has been removed. 
Thev are usually diluted with water before consumption.

M iscellaneous Beverages

Coconut water: Tiie water present in tender coconut is a 
popular drink all over India. It contains about 6 per cent sugars 
and small quantities of vitamins and minerals (Table 13.15).

Sweet toddy (Neera): The freshly drawn up sap of different 
palms usually preserved by the addition of calcium hydroxide is 
a popular drink in some parts of India. It contains about 14 
per cent sugars and small quantities of vitamins and minerals 
(Table 13.15).

Suqarcane juice: I'reshh- expressed sugarcane juice with 
added lemon juice is commonly consumed in some parts of India. 
It contains about 9 per cent sugar and small amounts of 
vitamins and minerals (Table 13.15).

Coconut miJk: Coconut milk is a milk-like emulsion expressed 
from freshly grated mature coconut kernel with the addition 
of 6 times the amount of water. It is rich in fat (7.2 per cent) 
and contains small amounts of proteins (0.8 per cent), vitamins 
and minerals and fair amounts of carbohvdrates (2 per cent) 
(Table 13.15). ’

Stoeetened carbonated beverages: d'he sweetened carbonated 
■beverages contain about 10-15 per cent sugar.



Table 13.15 T he n u tr itiv e  v a lu e  o f  so m e  b e v e ra g e s  (values per lOOg.)

N am e of 
beverage Water

(g)

Fat

(g)

Total
carbo­

hydrates
(g)

Calcium

(m.g)

Iron

(mg)

Carotene 
(P ro ­

vitamin A)
(pg)

T h iam in e

(mg)

Riboflavin

(mg)

Vitamin C 

(mg)

Calorific
value

(KCal)

F ruit juice  

Apple  ju ice S5.9 13.8 6 0.5 4 0.02 0.02 1 55
G rape  ju ice 85.3 13.7 8 0.3 20 0.02 0.02 3 55
M ango juice 84.2 14.6 12 0.5 1500 0.03 0.02 49 44
Orange juice 87.5 11.0 19 0.2 190 0.03 0.02 49 44
P ine  apple  juice 86.2 13.0 15 0.5 80 0.03 0.02 19 52
T o m ato  juice 93.5 4.3 7 0.4 1050 0.03 0.02 16 17

D ilute squash
Orange squash 83.2 15.2 5 0.2 20 0.01 0.01 6 61
L em on  squasli 83.4 15.0 7 0.2 0.01 0.01 5 60
Pine apple s(|uash 82.9 15.2 6 0.2 50 0.01 0,01 5 61
M ango squash 82.9 15.6 8 0.2 500 0.01 0.01 6 62

Miscellaneous beverages
Coconut Water 93.9 5.9 10 0.1 0.01 0.01 2 24
Coconut milk 89.8 7.2 2.0 20 0.2 0.02 0,01 1 76
Neera  (sweet toddy) 84.7 14.3 40 1.0 0.02 0,02 13 57
vSoft drinks, carbonated  (cold 
 ̂ and o ther sweet 

drinks) 88.0 12.0 48
Sugarcane juice 90.2 9.1 10 1.1 0.02 0.02 5 36
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Flavoured syrups (Sharbat): These consist of sugar syrup 
flavoured with artificial flavouring agents. They are usually dilut­
ed with water before consumption.

A l c o h o l i c  B e v e r a g e s

A large variety of alcoholic beverages are consumed by human 
beings in many countries. They contain varying amounts of 
alcohol. Alcohol in moderate doses stimulates gastric secretion 
and is absorbed and serves as a source of energy. Alcohol is a 
depressent of the nervous system and excessive amounts of alcohol 
causes severe brain depression and incoordination of movements 
and loss of consciousness. The alcohol content of some beverages 
is given below;

Toddy and beer contain appreciable amounts of B-vitamins.

Alcohol content of alcoholic beverages

Beers
•Alcohol (%)

3.5-5.0
T oddy 3.5-7.0
Wines 10-16
Wines fortified with spirit 17-23

Spirits
(Brandy, gin, rum  and whisky) 35-45

12.0 SPICES AND CONDIMENTS
Spices and condiments are used extensively in many countries 

as flavouring agents in food preparations. 'Phey contain essential 
oils and other active principles. Data regarding the chemical com­
position of different spices and condiments are given in Table lA 
in the Appendix. The condiments, in general, contribute 
very little food value to the diet as they are consumed in small 
amounts. Their importance lies in the fact that they improve the 
flavour and acceptability of cooked food preparations and make 
them more appetising. The value of condiments may be broad­
ly considered under the following heads: (1) Improvement of 
taste and flavour (2) Effects on appetite and digestion (3) Effect 
on intestinal flora and (4) Harmful effects of excessive amounts 
of spices.

Improvement of taste and flavour: Condiments and spices 
such as chillies, pepper, turmeric, coriander seeds etc., are used in



currv poAvders. Tamarind soups containing curry powders are 
used fur llavouring cooked rice before consumption in Asian 
countries. Spices arc also used to modify the flae our of veget­
able, meat and fish preparations.

Fff ”'t on appetite and di;icsfion: Spices and condiments im­
prove tkic flavour and acceptabilitv of different food preparations. 
The active principles present in spices and condiments act on the 
mucous membranes of mouth, stomach and intestines and sti­
mulate the secretion of digestive juices.

Effect Oil intestinal flora: Studies carried out at C.F.T.R.I., 
Mvsore have shoAvn that incorporation of certain spices e.g., 
garlic and asafoetida in the diet b.clps to reduce the total count of 
intestinal flora and prevent flatulence.

Harmful effects of excessive amounts of spices: The active 
principles of some spices e.g., chillies, black pepper, asafoetnla 
possess strong pungenev. Lh’e of excessive amounts of tliesc 
spices c.iiî Tss inatation of the mucous 'sne-rnbj-anes and may be one 
of the e /; itriIiutor\' factors in tlie caiisation of pepatic and duodenal 
ulcers among people.
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EFFECT OF COOK NG AND HEAT PROCESSING 
ON THE NUTRITIVE VALUE OF FOODS

The object of processing and cooking is threefold (/) to improve 
their digestibility and appearance (ii) to develop new flavours 
and (Hi) to destroy harmful microorganisms present. The 
important processing and cooking methods are the following: 
(1) Boiling in water (ii) Steaming (Hi) Baking (A’) Roasting (v) 
Frying (vi) Canning and (vii) Dehydration.

Effect o f cooking on various nutrients
Carhohydi'dtes: Cooking is essential for the proper digestion 

of starch which is the main source of calories in the diets of a largeO
majority of the population in the developing countries. Cooking 
also helps the breaking of cell walls in vegetables and thus facilitate 
digestion of protein present in them. When heat is applied 
to moist starch, the starch granules swell and burst and the starch 
gets gelatinised. Cooked starch is digested more readily than 
raw starch.

Fat: Cooking, under ordinary household conditions, has 
very little effect on fats; but during prolonged heating as in 
frying for long periods, a part of the essential fatty acids present 
is destroyed and toxic polymerised products are formed. Fats 
heated for long periods depress the growth of rats, thus indicating 
the presence of deleterious substances in them.

Proteins: Application of moderate moist heat to proteins 
causes coagulation and shrinking. Moderately cooked proteins 
are more easily digested than raw proteins. But severe heat 
processing such as roasting, baking, frying has been reported to 
effect adversely the nutritive value of the proteins of certain 
cereals, oilseeds and animal foods.

The adverse effect is due to the reaction of the end amino 
group of the essential ranino acid-lysine-in the intact protein 
with reducing sugars present in them. This reaction is known as 
‘Maillard reaction’. In addition to lysine, certain other amino

25



acids e.g., arginine, tryptophan and histidine may also react witli 
reducing sugars when the heat processing is drastic. The availa­
bility of lysine and other amino acids from the heat processed 
proteinsare less than the unprocessed proteins due to the ‘IMaillard 
reaction’. On the other hand, the nutritive value of the proteins 
of legumes is improved to a considerable extent as a result of 
heat processing. Legumes contain trvpsin inhibitors, haemagglu- 
tinins and growth inhibitors which aft’ect adversely the utilisation 
of proteins and hence the grouTh of experimental animals. Most 
of the inhibitors are inactivated by optimal heat processing.

Vitamins

Vitamin A and Carotene: As these are insoluble in nater, 
no loss occurs by discarding cooking water. There is slight 
destruction of vitamin A and carotene during cooking in water 
due to oxidation by air. Frying or roasting of vegetables causes 
considerable losses of vitamin A and carotene.

Thiamine: Loss of thiamine during cooking occurs in two 
ways (i) its destruction by heat during cooking and («) its dissolu­
tion in the cooking water. Hence, the quantity of thiamine loss 
during cooking varies depending on the method of cooking. 
Discarding the cooking water accounts for a loss of nearlv 20-50 
per cent depending on the quantitv of water used in cooking. If 
sodium bicarbonate is added to dhal during cooking, most of the 
thiamine is destroyed. Hence, cooking soda should not be added 
to dhals for improving their cooking quality. The loss of 
thiamine during cooking under pressure is greater than that 
occurring during steaming.

Riboflavin: Loss of riboflavin during cooking occurs in four 
ways, (f) exposure of the food during cooking to strong light 
(/V) loss of riboflavin due to heat (z7/) loss of riboflavin due to 
leaching by discarding excess of cooking water and (A) loss of 
riboflavin due to addition of cooking soda during cooking of dhal 
and vegetables. Bottled milk exposed to strong sunlight loses 
a part of riboflavin present.

Nicotinic acid: Loss of nicotinic acid occurs by leaching of the 
vitamin when excess cooking water is discarded.



Pantothenic acid: Loss of pantothenic acid during cooking 
occurs in two ways («1 by leaching of the vitamin when excess 
cooking water is discarded and (u) by heat during toasting and 
frying,

Pyridoxine: Loss of pyridoxine during cooking occurs in 
two ways: (?) by destruction due to excessive heat as in cooking 
under pressure (14 lbs) and {») by leaching of the vitamin when 
excess cooking water is discarded.

Folic acid and vitamin Losses of folic acid and vitamin
during cooking occur in two ways (/') destruction by heat 

as in pressure cooking, toasting or frying and {ii) by leaching 
when excess cooking water is discarded.

Ascorbic acid: Loss of ascorbic acid during cooking occurs 
in two ways (1) by oxidation due to exposure to air during cooking 
and {ii) by leaching in water when excess cooking water is dis­
carded. Contamination with copper also accelerates the rate 
of destruction of the vitamin. The quantity of ascorbic acid lost 
during cooking of vegetables may vary widely from 10 to 60 per 
cent depending on the vegetable cooked and the method of 
cooking.

MINERALS
Calcium and phosphorus: Losses of calcium and phosphorus 

during cooking occur when excess of cooking water is discarded. 
When rice and vegetables are cooked in hard water, appreciable 
amounts of calcium present in the water are incorporated in them.

Iron: Loss of iron during cooking can occur if excess of 
cooking water is discarded. When vegetables are cut with iron 
knives, appreciable amounts of iron are incorporated in the veget­
ables. When foods arc roasted in cast iron pans, appreciable 
amounts of iron are i^icorporated in them.

Sodium, potasskm and magnesium: Losses of sodium, 
potassium and magnesium occur by leaching, when excess of 
water used in cooking is discarded. Sodium chloride used in 
cooking increases the sodium content of cooked foods.

Trace elements: Losses of trace elements occur by leaching 
when excess of water used in cooking is discarded.



CEREALS
Cereals are cooked or heat processed before consumption. 

The effects of cooking on the nutritive value of rice and of baking 
on the nutritive value of wheat ate discussed below. Cereals 
are also processed into breakfast cereals and consumed widely. 
The effect of processing on the nutritive value of breakfast 
cereals is also discussed briefly.

Rice
Rice is generally washed and then cooked in excess of 

water. The gruel present in cooked rice is usually drained off. 
These procedures cause marked losses of vitamin nicotinic 
acid and other B-vitamins in the case of home-pounded and 
milled raw rice. The losses of B-vitamins are very much less 
in the case of home-pounded and milled parboiled rice. The 
results are given in Table 14.1.

T a b le  14.1 E ifect o f  w a sh in g  and co3 k in g  on  v ita m in  and n ico tin ic  
a c id  con ten ts o f  raw  and p a rb o iled  r ice

(Values per 100 g. or giual rice)

Parboiled
hom e- P a r b j  ed

pounded  mille rice
n e e

Raw home- ^
pounded \  •^ • mil ed neenee

T rea tm en t
c ■ T h B

.5 S c c;
£ o £ 8 -d £ c _u £ o "3

Z
>

Z
>

^  o
>

z  ^

Original  rice 0.32 3.5 0.24 2.4 0.22 2.2 0.11 1.0

W ashed rice 0.29 3.2 0.22 2.1 0.10 1.1 0.07 0.6

W ashed and cooked* rice 0.16 1.9 0.13 1.5 0.06 0.5 0.04 0.3

’Gruel removed

It is evident that washed and cooked raw milled rice is a very 
poor source of vitamin B̂  and nicotinic acid while washed and 
cooked parboiled rice is a good source of the two \-itamins.



Wheat
The effect of baking on the nutritive value of wheat is briefly 

discussed below:
Bread: Pale, medium and dark baked bread retained 82.1,

80.4 and 73.8 per cent of thiamine respectively. Similar data on 
dinner rolls were 89.5, 84.5 and 77.5 per cent and o!i pan rolls were 
92.6, 91.5 and 87.8 per cent respectively.

Biscuits: If biscuits made from self-rising flour arc baked 
under optimum conditions, about 15 per cent of the added thiamine 
is destroyed, if the pH of the baked product is 7.0 or lower. Addi­
tion of 0.25 per cent calcium acid phosphate to enriched self­
rising flour will help to maintain the pH value at 7.0. If the pH 
is greater than 7.0, then the loss of thiamine is high.

Breakfast cereals: Breakfast cereals are prepared on a large 
scale in many countries from different cereals such as corn, wheat, 
rice, oats etc. They aix extensively consumed as they do not 
require any cooking. The heat processing involved in their 
manufacture is, however, somewhat drastic and many of the 
B-vitamins are likely to be destroyed to a great extent. For this 
reason, these foods are commonly fortified with these vitamins. 
The heat processing also is likely to affect adversely the quality 
of the proteins. Data presented in Table 14.2 indicate that the 
proteins in some foods are damaged severely and do not promote 
any growth in albino rats.

Table 14.2 T h e  p r o t e in  e f f i c ie n c y  r a t i o  o f  s o m e  b r e a k f a s t  c e r e a l s *

Breakfast cereals P E R

Corn flakes negative

Corn soya flake? o.ss

W heat flakes negative

Puffed wheat negative

G rape  nuts negative

Quick oats 1.67

B. Sure  (1951) Food Research, 16, 163.



LEGUMES
Legumes are good sources of proteins and B-vitamins. They 

form excellent supplements to cereal diets. Many legumes 
suffer from the disadvantage in containing trypsin and growth 
inhibitors which affect adversely the nutritive value of the pro­
teins. Fortunately, these inhibitors can be inactivated by suitable 
heat treatment. The results of studies on the different modes of 
processing on the nutritive value of legumes are given below:

Soaking and cooking: Soaking in water overnight is the first 
step in cooking whole legumes (with the seed coat intact). The 
soaked legumes are then cooked for 20-30 minutes by boiling in 
water before consumption. The losses of nutrients in the water 
will be small if the seed coat is intact.

The decorticated legumes are usually split and sold as dhals. 
The method of cooking dhals is similar to that of whole legumes. 
The losses of B-vitamins are appreciable if the dhal is cooked in 
excess of water and the cooked water is rejected.

Steaming or cooking under pressure: W hen legumes are soaked 
in minimum amount of water and cooked in steam under pressure, 
the growth and trypsin inhibitors present in them are destroyed 
and the nutritive value of the proteins is enhanced. The losses 
of some B-vitamins are appreciable when cooked in steam under 
pressure.

Germination: The fact that germinated or sprouted legumes 
will prevent and cure scurvy has been known since ISth century. 
On germination, the vitamin C content of legumes has been found 
to increase. Germinated legumes are fair sources of this vitamin. 
(Table 14.3).

T a b le  14.3 V itam in  C con ten t o f  germ in a ted  leg u m es

Period of germination Vitam in C (mg,'100 g).

Nil (Dry legumes') T race

After 24 hours germination 7—12

After 48 hours germination 11 — IS

-After 72 hour.s germination 13— 20



There is also some increase in the content of riboflavin and 
niacin, vidrile there is no appreciable change in the thiamine 
content.

Toasting andpuffitig: Toasting improves the taste and accept­
ability of legumes. As a result of toasting, the trypsin and growth 
inhibitors present are destroyed, thus bringing about an improve­
ment in the nutritive value of the proteins. Toasting at high 
temperatures for prolonged periods may affect adversely the nutri­
tive value of the proteins as the available lysine content is likely to 
be reduced due to ‘Maillard reaction’. Puffing does not affect 
appreciably the nutritive value, as the heat treatment is given 
only for a short period of 1-2 minutes.

OILSEEDS, NUTS AND THEIR MEALS 
The effect of heat treatment on the nutritive value of oilseeds 

and nuts and of screw pressing on the nutritive value of the oilseed 
meals, is discussed below.

Peanut (Groundnut)
Roasted peanut: Roasting of peanut causes destruction of 

appreciable amounts of thiamine. The trypsin inhibitor present 
in it is destroyed, resulting in an improvement in the nutritive 
value of proteins.

Peanut butter: Since the peanut is roasted to a high degree 
for the preparation of peanut butter, the loss of thiamine and pan­
tothenic acid may amount to 30-50 per cent.

Peanut meal: Peanut meal is a good source of B-vitamins and 
proteins. During screw pressing, very little vitamin present in it 
is destroyed. The quality of the proteins is not affected if the 
temperature of expelling is kept at the optimum level. The 
PER of the proteins of the meal ranges from 1.7-1.9. Autoclaving 
at 15 lbs pressure for 30 minutes brings about a significant reduc­
tion in the PER.

Cottonseed meal: Cottonseed contains a toxic factor known as 
gossypol. Optimal heat processing and screw pressing of the 
cottonseed kernel yields an edible meal containing proteins of 
medium nutritive value and low free gossvpol content. The PER 
of the proteins of the meal ranges from 1.7-2.0. Autoclaving at 15 
lbs pressure brings about a reduction in the protein efficiency ratio.



Sesame vieal: Sesame is a good source of proteins. The seed 
coat imparts dark colour and hitter taste to the meal. Further, 
it contains large amounts of oxalates. In view of this, it is essential 
to reinoA C the seed coat for the preparation of edible sesame meal. 
Sesame meal obtaint d from the dehulled seed bv screw pressing 
contains proteins of moderate nutritive value (PFR 1.7-l.S). 
Sesame proteins are deficient in Ivsiiie but are rich sources of 
sulphur amino acids. Steaming and autoclaving bring about a 
reduction in the nutritive value of the proteins.

Coconut meal: Coconut meal is an impnrtamt additional soi'.rce 
of proteins in many Asian countries, viz., Piiilippines, Indonesia., 
Malaysia, Ceylon and Kerala State in India.. Tl;e edible me.il 
obtained by screw pressing contains about 20 per cent proteins of 
fairlv high nutritiv'e value (PER 1.7-2.2} and fair amounts of 
B-vitamins. Autoclaving at 13 lbs pressure for 30 minutes brings 
about a lowering in the nutritive value of the proteins.

Soyhean meal: Soybean is a rich source of proteins (35-40 
per cent). The proteins of raw soybean possess a low PER 
(0.5-0.8) due to the presence of tiypsin and growth inhibitors. 
Optimal heat treatment inactivates the inhibitons and brings about 
marked improvement in the PER of tlie proteins (1.9-2.2). The 
soybean meal is prepared bv powdering the take obtained by 
screw pressing. T.’he optimally heat processed soybean meal is 
a rich source of proteins (48-50 per cent) of Irigh nutritive value.

FATS AND OILS

Effect o f heat and rancidity developm ent
Application of heat as in frying, brings about destruction 

of a part of the vitamins A and E and essential fatty acids present 
in them. Thermally^ induced polymers are formed. In rancid 
fats, peroxides are formed. These will destroy a prut of the 
vitamins A and E present in them.

Effect of heat: Numerous studies with oils and fats left 
after frving foods in household have shown tliat incorporation 
of these fats and oils in the diet at 10-20 per cent level promotes 
normal growth of rats and the tissues are normal. There are 
several studies to indicate that feeding of fats and oils used



repeatedly for frying of foods over long periods brings about a 
depression in growth and produces morphological changes in 
liver, intestines, etc., and may produce malignant lesions in the 
stomach and intestines.

Effect of rancid fats: Rancid fats may exert an adverse effect 
on the experimental animals in a number of ways (1) they may 
bring destruction of vitamins A and E and essential fatty acids, 
(2) they may decrease the food intake of anin.als and (3) the 
peroxides present may affect the intestinal flora and may ha\e 
an irritating effect on the intestines.

MILK AND MILK PRODUCTS
Milk is processed in several ways for human consumption. 

The effects of various methods of processing on the nutritive 
value of milk and milk products are outlined below.

PasteiLrizafion: During pasteurization, about 20-30 per cent 
of vitamin C is destroyed. The other vitamins are not affected 
to an appreciable extent.

Effect of exposure of 'Eottled milk to sunlight: When bottled 
milk is exposed to sunlight or artificial light, there is considerable 
amount of destruction of riboflavin, vitamins A and C.

Sterilised milk: The relatively prolonged and drastic heat 
treatment brings about appreciable losses of several vitamins— 
thiamine, 30-40 per cent, vitamin C, 50-60 per cent, vitamin Bg, 
50-60 per cent and vitamin Bj„, 80-90 per cent. Both vitamin A 
and riboflavin are stable to heat, but they are slowly destroyed 
when the sterilised milk in bottles is kept exposed to sunlight 
or artificial light.

Evaporated milk: There is destruction of vitamin C, vitamin 
Bj2, thiamine and vitamin B̂  to the extent of 50-80 per cent.

Sweetened condensed milk: The losses of vitamins in sweeten­
ed condensed milk are similar to those of evaporated milk.

Milk powder: During the preparation of milk powder, 
vitamin C is destroyed to the extent of 70-90 per cent. The losses 
in other vitamins are small (10-20 per cent). During storage of 
milk powder, however, there is progressive destruction of 
vitamin A.



EGG POWDER
Spray drying of eggs under normal commercial practices does 

not cause any appreciable loss of vitamin A, vitamin D, thiamine, 
rilioflavin or pantothenic acid. Only vitamin A is slowly destroyed 
during storage, the loss of vitamin A at the end of 6 month’s 
storage at 15°F, 70°F and 9S^F being 40, 50 and 70 per cent 
respectively. The losses of thiamine were 0, 10 and 30 per cent 
respectively under the above conditions.

FISH PRODUCTS
The loss of vitamin A in canned fish is negligible. The losses 

of B-vitamins mav range from 50-70 per cent. The loss of 
vitamin A in dried fish is appreciable (20-30 per cent). The losses 
of B-v'tamins during dehydration are small (10-20 per centh

.MEAT PRODUCTS
'Phe losses of B-vitamins during the curing of ham amount 

to about 20-40 per cent. The loss of thiamine is quite high 
(70-80 per cent) duriiyg canning of meat. The losses of other 
B-vitamins may range from 50-70 per cent. The losses of B- 
vitamins are small during dehydration of meat.

POULTRY
The losses of thiamine in canned poultry meat may range from 

60-70 per cent and of other B-vitamins 40-50 per cent. In contrast 
to high sterilisation twmperatures required for canned potdtrv, 
pre-cooked frozen poultry can be prepared under relatively mild 
processing conditions. The loss of thiamine is of the order of 
20-40 per cent, and of other B-vitamins, 10-20 per cent.

^Ygetables are cooked 
During the above processes

\'EGET.VBLES 
Effects of different methods of cooking;: 

cither in steam or by boiling in water, 
a certain amount of vitamins present in them is lost, d’he 
available data indicate that when vegetabks are cooked in boiling 
water (t'. ithout rejecting the watei), the losses of thiamine amount 
to 15-32 per cent, of riboflavin 9-20 per cent and of ascorbic acid, 
23-45 per cent. When vegetables are cooked in steam, the



losses of thiamine range from 16-24 per cent, of riboflavin 9-14 
per cent and of ascorbic acid 20-30 per cent. The results are 
given in Table 14.4.

Table 14.4 T h e  lo s se s  o f  v ita m in s  in  so m e  v eg eta b le s  
du rin g  co o k in g

Alethod of 
cooking

(Losses %)
N am e of vegetable

T h iam in e Riboflavin
Ascorbic

acid

Beans, snap ng in 
water 29 20 42

Cabbage 32 18 45
Carrots ,, 20 10 30
Peas 28 17 40
Potato , whole 25 9 23
Spinach 15 10 28
Sweet potato 20 13 24
Beans, L im a Steaming 22 14 32
Cabbage 1 f 18 9 38
Carrots ,, 15 10 25
Peas ,, 24 11 30
Potato ,, 20 12 22
Spinach j» 16 12 25
Sweet potato - 18 12 20

Dehydration: During dehydration, a greater part of the ascor­
bic acid present is destroyed. The losses of B-vitamins and 
carotene are low. The retention of carotenes in dehydrated 
vegetables range from 70-95 per cent. Thiamine is destroyed to a 
greater extent than riboflavin, niacin and pantothenic acid. The 
retention of ascorbic acid varies widely from 20-50 per cent.

The available data are given in Table 14.5.

FRUITS
Dehydrated fruits: The losses of vitamins daring dehydration 

will depend on the method of drying and on the stability of the 
vitamin to heat and air. Carotene losses are quite high (50-70 
per cent) during sun-drying of fruits. .\s in the case of vegetables,



Table 14.5 A v e r a g e  p e r c e n t a g e  r e t e n t i o n  o f  a s c o rb i c  a c id  
t h i a m i n e ,  r ibo f lav in ,  n i a c i n  a n d  p a n to t h e n ic  a c i d  i n  c e r t a i n  

v e g e t a b l e s  d u r i n g  d e h v d r a t i o n

VugeiabL Ascorbic
acid T h iam ine  Ril toflavin Niacin Pantothe­

nic acid
(Retention

bnap beans 42 88 sa _
Cabbage 45 s: 86 — —
Carrot i. 38 59 92 9.5 94
I’eas, jrreen 52 90 87 — —
Potato 42 77 9,' 94 95

sulphuring causes los;;es of thiamine to th e extent of 50-60
per cent. Riboflavin losses are low. 'File effects of different
methods o:f drying on the ascorbic acid content ot peaches are
given in Table 14.6.

Table 14.6 L o ss  o f  a s c o rb i c  a c i d  d u r i n g  d e h y d r a t i o n  o f  p e a c h e s

(Ascorbic acid m g / 100 g)

T rea tm en t iT fsh  truit  
ion dry basis) D ried  fruit Loss

Sulphured  ;md sun dried 52 34 33
Blanchi d, su lphured and sun dried 68 39 42
Sulphured  and dehydrated 
Blanched, su lphured  and

64 52 13

dchvdratcd 6U > '> 13

Canned fruit juice: The loss of ascorbic acid during canning 
of fruit juices may range from 20-40 per cent. The losses of 
B-vitamins are low. Data for tomato juice arc given in 
Table 14.7. ' '

Canned fruits: Canned fruit products lose considerable 
quantities of ascorbic acid and thiamine as a result of processing 
and storage. Higher storage temperatures accelerate these 
losses. It has been reported that canned orange juice stored 
at 4lTF for 18 months retained 93.2 per cent of ascoibio acid while 
at 76 F it retained only 59.8 per cent. Thiamine retention vas 
80 per ceirt at 70^F and only 30 per cent at lOO’F. Ascorbic acid



Table 14.7 R e ten tio n  o f  v ita m in s  du rin g  c a n n in g  o f  tom ato  ju ic e

Vitamins Retention  of vitamins (%)

Ascorbic aciul 67

T hiam ine 89

Riboflavin 97

Niacin 98

Carotene 67

retention to the extent of 80 to 92 per cent during the canning 
of grape fruits has been reported. Ascorbic acid Idsses in amla 
(Indian gooseberry) juice during preparation and after storage 
for one year at room temperature (26-30°C) ranged from 40 to 50 
per cent. It has been reported that canned cashew apple juice 
(containing 200 mg. ascorbic acid per 100 g) retained nearly 70 
per cent ascorbic acid on storage for S months at room temperature. 
Numerous references are available in the literature giving the 
extent of losses of nutrients of important canned fruits and fruit 
pulps like mango, papaya, guava, etc. All these indicate that 
ascorbic acid is the most affected and carotene the least. Thia­
mine is only partially destroyed and is retained better in canned 
fruits. Losses of vitamins during canning are less than 10 per 
cent while during storage at higher temperatures, they become 
considerable. Ascorbic acid retentions after 12 months’ storage 
at room temperature (30-37°C) have been reported to be 25 per 
cent, 16 per cent, 55 per cent and 76 per cent in canned mangoes, 
papaya, guava and orange respectively. Under similar storage 
conditions, the carotene retentions have been reported to be
85.6 and 100 per cent in mango and papaya respectively. Reten­
tion of other vitamins under the same storage conditions has been 
reported to be thiamine 21.0 and 27.8 per cent; riboflavin 99.0 
and 100 per cent; niacin, 61.1 and 65.8 per cent in mango and 
papaya respectively.
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LATHYRISM

Lathyrism is a crippling disease characterised by paralysis of 
the leg muscles occurring mostly in adults consuming large 
quantities of the seeds of L-sativiis or other latlryrus species 
over long periods. In India, the disease occurs in Madliva 
Pradesh, Bihar, and Uttar Pradesh. The disease has also been 
reported to occur in Spain, Algeria and occasionally in certain 
parts of France and Italy where latliyrus peas are consumed by 
the people.

Signs and symptoms
Acton (1922) has described four stages of the development 

of the disease in human beings (Plate XIII.) The first stage is 
characterised by weakness of the lower limbs with spasticity of 
leg muscles so that movement at the ankle and knee joints are 
restricted and painful. In the second stage, flexion of the knee 
is more marked and there is a certain amount of inversion of foot 
with a tendency to walk on toes. In the third stage, the svmptoms 
described above become more marked and the subject can walk 
only with the help of crutches or sticks. In the fourth stage, 
the knee becomes completely flexed and erect posture and walking 
becomes impossible. There is atrophy of the thigh and leg 
muscles.

Animal experim ents with lathyrus species
Latliyrus satirus: Feeding experiments with L-sativus seeds 

with different animals have shown that the seeds produce toxic 
symptoms only in some species. A syndrome resembling 
human lathyrism has been produced in monkeys by feeding the 
mature seeds of L-sativiis or an aqueous extract of the seeds. 
Fowls and pigeons have been reported to consume the seeds with­
out any ill effect while ducks and guinea pigs, on the other hand, 
have been reported to develop toxic symptoms as a result of 
consuming the seed. Acton and Chopra (1922) isolated a



i  /  ■'



crystalline compound from L-sativus seeds which produced a 
transient spastic paralysis in guinea pigs. Horses have been 
reported to develop toxic symptoms when fed on L-sativns 
while albino rats are not susceptible to the disease. Acton (1922) 
made the important observation that feeding ducks on L-sativus 
caused paralysis and death in ducks; but if the pulse has been 
steeped in water for 24 hours and the soaked pulse fed to the 
birds, they thrive well on it. The above work indicated that the 
toxic factor was water soluble and could be removed by soaking 
in water.

Lathyrus odoratus: Geiger et al (1933) fed L-odoratiis (the 
common flowering sweet pea) to rats. The animals developed 
toxic symptoms different from human lathyrism. The animals 
showed an extreme abnormality of the skeleton, including kypho­
sis, increased shaft diameter, exostoses of the long bone and 
generalised osteoporosis. This condition has been called odoraiism 
or osteolathyrism. In addition, some animals developed hernia. 
L-odoratus, when fed to pregnant rats, caused the death of the 
foetus.

Lathyrus pusilhiS (Singletary pea); Lee et al (1956) showed that 
the ingestion of a diet containing 70 per cent singletary pea seed 
{L. Pusillus) led to the development of osteolathyrism in rats.

Lewis et rt/(1948) found that L-hirsutus and L-tingitanus also 
produced toxic symptoms in rats similar to those of L-odoratus.

L-Sylvestris Wagneri produced neurotoxic symptoms in rats. 
The toxic substance present in it appears to be different from that 
present in L-odoratus.

Identification of toxic factors in the lathyrus and the vicia  
species

It is evident from the above account that two kinds of lathyrism 
occur in animals and human beings viz. osteolathyrism (odora- 
tism) where pathological changes occur in the bones resulting in 
skeletal deformities and neurolathyrism in which the muscles of 
the legs are paralysed sometimes resulting in convidsions and 
death in severe cases. Different species of Lathyrus cause one 
or the other type of disease though sometimes both types may be 
caused by the same species. The toxic principles isolated so 
far from some species of lathyrus or vicia are listed in Table 15.1.



Table 15.1 T ox ic  factors in  la thyrus and  v ic ia  s p e c ie s

Lathyrus species Chemical nature  of toxic factors

L~odoratu%
f^-latifulius and L-syhestn's 
Lathyrus satirus 
V/n'a sativa
V-anyustifolia and L-syhesfris

7-jf lutaniyl- /j-amino propionitrile  
^7-Jiamino butyric  acid 

/j-oxalyl amino alanine 
,d-cyanoalaninc 
7-olutamv]-/j-cvanoaIaninc

The nsteoiathyrogenic factor of the seeds of L-odoratus, 
grown in America and the ^Mediterranean countries ^̂ ■as identified 
as y-glutaniyl-A'-aminopropionitrile (I). It has since been found 
in other species of Lathyrus also. Tlie neurolathvrogenic com­
pounds of the seeds ot the American species L-hitifoUus and 
L-sykrsiris is A.-/-diaminobutyric acid (II). This basic amino 
acid was earlier known as a constituent of some antibiotics, e.g., 
circidin, comirin and the polymrwins; but its neiirotoxic pro­
perties have not been noticed till recently. It is present in the 
free state in the seeds of other Lathyrus species and many other 
plants. The wide occurrence of this toxic amino acid emphasizes 
the need for a careful survey of food plants for the presence of 
this compound.

Lathyrus satkiis seeds have been implicated for a long time 
as responsible for lathyrism in some parts of India. This disease 
is mainly of the neurological type. Ganapathv ct a I (1958) 
reported the presence of an unknown compound (Rj value 0.37 
in n-butyl alcohol-acetic acid-water) which on hvdrolvsis with 
hydrochloric acid yielded another ninhydrin positir'e compound 
(Rf value 0.34 in n-buty lalcohol-acetic acid-water). It is likely 
this compound is identical with the toxic factor, /3-oxalvlaniino- 
alanine isolated by later workers. The main neurotoxic sub­
stance was recently obtained in crystalline form and its stiuctuie 
was established as /i-oxalylamiuu alanine (B()Ai\) (III). This 
compound causes ncrvoi's derangement in young chicks but rats 
and mice arc not appreciably affected. This m.ight be the reason 
for many of the earlier contradictory reports regarding the toxicitv 
of the seeds of L-salk'us when different test animals were 
employed. There is evidence to the presence of two neurotoxic 
■actors in addition to BOAA. Kumagai et al, (1952) have re­



ported the isolation of a blood sugar lowering compound from the 
leaves and stems of Lathyrus palustris vur. viacranthus. They 
consider it to be a ‘natural’ form of oxalic acid. ^The seeds of 
Vicia sativa and V. angustifolia are closelv similar to those of the 
Lathyrus species and previous reports attributed the poisonous 
effects of the latter to contamination with Vicia seeds. Ressler 
(1962) identified the neurotoxic compound in two species of 
Vicia seeds as /1-cyanoalanine (IV'); Recently y-glutamyl-/?- 
cyanoalanine (V) has been found to be present in Vicia satiz-a 
and L-syhestris. Data regarding the content of toxic principles 
in certain varieties of lathyrus and vicia species are given in Table
15.2.

Table: 15.2 C lassifica tion  and la th y ro g en ic  co n ten ts  o f  s e e d s

Seed C o n ten t  (% ) Seed C on ten t  (%)

I. Oslenlalliyrogens 

ji-Aininopropioiiilrilc 

L .  odoratus
L. pusillus 
L. hirs turus 
L . roseus

II .  Neurolathyrogens 

(i-C yano-L-alaninc  
L. sativa
V. angustifolia

0.05-0.16
0.062
0.021
0.02

0.15
0.09-0.12

-Dimninobutyric acids

L. latifolius 0.51-0.67
L- sylvestris W. 1.4

c '  -Diaminobufyric acid

L. aurantius  1
L. cirrhosus 1
L. gorgoni 1
L. grandflora 1
L. heterophyllus 1
L. laevigatus 1
L. lut.us 1
L.- multiflora 1
L. rotundifolius 1
L. tuberosus 1

fd-N -O xalyl-^-(d-diam inopropionic
acid
L. sativus 0 . 1- 2 .

M echanism  of action of the toxic factors
The occurrence of neuro and ostcotoxic substances in these 

legumes has stimulated interest in the mechanism of their action. 
The chief osteolathyrogenic principle is /8-aminopropionitrile 
(B.\PN) which has bone-deforming properties and causes connec­
tive tissue damage. Other amino acid nitriles also have similar 
action. The free amino group of BARN is essential for phy­
siological activity and its acyl derivatives arc inactive unless they 
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could be hj'drolysed enzymatically in vivo. Though the exact 
mechanism of its action is uncertain, it appears that BAPN 
functions by interfering with collagen formation. Ganapathy 
et al. (1959) found that incorporation of /S-amino propionitrile 
in the diet brought about a decrease in the bone ash content and 
in butyric acid and choline dehydrogenase activities of liver in 
albino rats. It has been suggested that the toxic nature of 

,7-diamino-butyric acid may arise from its capacity to act as an 
antimetabolite to its higher homologucs, ornithine and lysine. 
Since /3-aminoalanine also is a lower homologue of these amino 
acids, it could function as an antagonist to them. This compound 
has been reported to inhibit the growth of Corynebacterium 
diphtheriae. However, only /3-oxalylamino alanine is neurotoxic 
to chicks and ^-aminoalanine and oxalic acid are not. Recent 
studies using °(,7 -diamino butyric acid 2-Ĉ * in rats have shown 
that oxidation takes place at the ^  or the 7 carbon atom with the 
formation of /3-alanine, aspartic acid and carbon dioxide. This

NH2
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H O O C —C H —C H j—C IL —CO—H N  
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may indicate a possible method of detoxification. No information 
is yet available about the mode of action of the ncurolathyrogenic 
compounds present in the Laihyrus and the Vida species.

However, it is important to note that, while BAPN and its 
y-glutamyl derivatives are osteolathyrogenic, their carboxy 
derivatives, viz., /3-cyanoalanine and y-glutamyl-^-cyanoalanine 
have neurotoxic properties. It thus appears that the carboxyl 
group has an important role in determining the nature of the 
toxicity and one type may change into another by decarboxy­
lation or carboxylation in plants. This may explain how both 
types of toxicity may occur together in some plants. I

Prevention
There is now conclusive evidence that excessive consumption 

of L-satiz'us seeds is the cause of the high incidence of lathyrism 
in certain parts of India. Although the harmful effects of 
L-satwiis have been realised for some years, effective steps for the 
prevention of the disease have not so far been taken by the govern­
ment. There are three possible approaches for the eradication 
of the disease. (1) Treatment of the seed by leaching out the 
toxic factors in hot water both on home scale and factory scale 
(2) Education of the public on the dangers of consuming un­
treated L-sativus and (3) Cultivation of other pulses in place 
of L-sativus.

.JRemoval of toxic factors by leachin^in watery Acton (1922) 
was the first worker to point out that {L-satimis seeds soaked in 
three changes of water are non-toxic. Thater workers have con­
firmed the above observation that, the toxic factors present in 
L-sativus could be leached out in water. On the basis of the 
results obtained by Nagarajan et at., (1965) it is evident that the 
toxic factors can be removed by (1) cooking the seed or decu- 
ticled seed in excess of w'ater and draining the water and (2) 
steeping the whole seed or decuticled seed in hot water (60-70°C) 
for 4-5 hours and rejecting the soak water. The latter process 
can be carried out on industrial scale and the resulting detoxified 
dhal could be sold to the people through ration shops and co­
operative stores.

Education of the public: There is urgent need for educating 
the public on the dangers of consuming L-sativus seeds. This



sliould be done through leaflets distributed in schools, hospitals 
aiul M.C.H. centres pointing out the dangi. rs of consuming the 
tintreatcd L-satkns seeds and tlic iteed for the removal of the tonic 
factors from the seed and dhal bv steeping in hot water and re­
jecting the soak water.

Cultivation of other pulses in place of L-sat inis: The govern­
ments of different states where lathyrism is prevalent should, 
if necessary, by enactment of law, enlorce the cultivation of 
other pulses commonh' grown in the region in place of L-sat inis. 
This will be the onlv effective and permanent solution to the 
problem of lathyrism.
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RECOMMENDED DIETARY ALLOWANCES

I'or maintaining good health and physical efficiency, the diet 
sliould provide adequate amounts of all nutrients. For designing 
balanced diets, it is essential to know tlie daily requirements of 
different nutrients. Allowances for different nutrients have been 
recommended by various National Committees and some Inter­
national Committees. The allowances recommended by the 
following Committees (i) Nutrition Expert Group, I.C.M.R. 
India (1968) {ii) Food and Nutrition Board, National Research 
Council, USA ( l ‘̂ 68) (JH) Panel on recommended allowances 
of nutrients. Department of Health and Social Services, U.K. 
(1969) and [iv) Recommendations of FAO/WHO Expert Groups 
on vitamins (1967), (1970) are given in Tables 16.1, 16.2, 16.3,
16.4 and 16.5 respectively.

Calories: In estimating the caloric requirements the following 
factors will have to be taken into account (1) Physical activity 
(2) Body size and composition (3) Age and sex (4) Physiological 
state and (5) Climate and environment. In view of the lower 
body size and warm climate prevalent in the tropical countries, the 
calorie requirements for the corresponding age groups arc lov̂  er 
for persons living in India and other tropical countries as compared 
with those of persons living in temperate climates. This is 
evident from the recommended allowances given in Tables 16.1,
16.2 and 16.3.

Proteins: Proteins arc required for maintenance, growth, 
pregnancy and lactation. Periodic infections and infestations 
widely prevalent among people living in the developing countries, 
decrease protein absorption and hence increase the protein re­
quirements. Physiological stresses (e.g. pregnancy and lactation) 
also increase the protein requirements. Since the nutritive value 
of dietary proteins vary widekv' it is better to express the require­
ments in terms of leference protein which is assumed to possess 
an NPU of 100 and is fully digested and utilised. The reference 
protein requirements can be converted into proteins of customary
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F O O T N O T E S  T O  T H E  T A B L E  16.1— D A I L Y  A L L O W A N C E S  
O F  N U T R I E N T S  F O R  I N D I A N S

1. C a lo r ies
(a) Calorie allowance for heavy work does not include work under  special 

condit ions like h igh  altitude.

2. P r o t e in s
{a) Adult  allowance corresponds to Ig /kg. of dietary prote in  of N P U  65. 
{b) In fan t  allowance d u r ing  0-6 m on ths  is in te rm s of milk proteins. 

D u r in g  7-12 months ,  p a r t  of p ro te in  intake will be in the  form of milk 
and  supplem entary  feeding will be derived from vegetable proteins. 
T o ta l  daily p ro te in  allowance is calculated from the ideal weight.  
P ro te in  allowance du ring  infancy will be—

0-3 m onths  
3-6 months 
6-9 m onths 
9-12 m onths

2.3 g/kg. 
1.8 „ 
1.8 „ 
1.5 „

(c) Allowances for children .and adolescents have been computed using 
body weights as obtained in Well-nourished group and assuming N P U  
o f  50-60 for the  dietary proteins.

3. C a l c i u m
In  the  absence of precise information on calcium requ irem ent of different 

groups, a range of allowance has been suggested.
(a) Calc ium  allowance for infants 0-6 m o n th s  will be for artificially-fed 

infants. Calc ium  intake from breast milk will however, satisfy the 
needs of breast-fed infants up to  6 months.

4. I r o n
(a) T h is  allowance of 30 mg. iron is for adult  wom an during  he r  p rem en o ­

pausal period. F o r  the  post  menopausal wom an iron allowance is the  
same as for man.

(b) T h is  allowance for p regnant  wom an will be  th roughou t  pregnancy.
(c) T h is  allowance is for lactating wom an who is no t  m enstrua t ing .  I f  a 

w om an  is lactating and also menstruating , her  iron allowance will be 
35 mg/day.

5 .  V i t a m i n  A
D ie ta ry  allowance for vitamin A  is given in term s of retinol (vitamin A 

alcohol) and /i-carotene. E ither  of these  is used depending  u pon  the  dietary 
source of vi tam in A. T h e  factor to be used to convert  /)(-carotene to retinol 
is; 1 jUg ,(l-carotene=0,25 /rg of retinol (vitamin A).

I f  the  d iet  contains both v i tam in A and /I-carotene, its content  can be 
expressed  as retinol us ing  the  following formulae:

(i) Retinol c o n ten t /^g= /*g  r e t in o l+ / tg / I -c a ro ten e x O .2 5 ,  if the retinol and 
/ i-carotene contents of foods are given as /tg  in food composition 
.fables.



(ii) Rttinol  content  (/t^g) — Vit. A ( lU )  X f).3-l-/:*-CLnotone ( lU ) x 0 .1 5  it 
vitamin A and carotene values are g iven  in terms of  I.L*.

6, 7, 8. T h ia m in e , R iboflav in  a n d  N ic o t in ic  a c id
Daily allowances of these three  vitamins are re la ted to caloric intake, tiie 

oasic allowances per  lOOl) calories are T h iam in e— 0.5 mg. Riboflavin— 0.55 
rng. and Niacin— 6.6 mg. (t)0 ing. t ryp tophan  being equal to 1 mg. ol niacin.: 

Niacin equivalents in a diet  are com puted as follow^;

XT- ■ ■ 1 . /  ̂ V”  • . * / \ 'rrvploi-)han content (mg).Niacin et|ui\'aU‘nts (mg) =  Niacin content (mg) j__■' ' ___
‘  ̂ ‘ " 60 "

9. F o lic  a c id
Dietary allowance of folic acid will be in te rm s of tree folic acid (L. 

.iciivity) p resen t  in foods.
(i) Folic acid requ irem en t  appears to be con.hderably increased during  

]'>regnancy. Since the exact requ irem ent is not known, a rangn 
ra ther than  a single figure has been suggested for the daily 
allowance of folic acid during  pregnancy.

10. V ita m in  Bjo
Vitamin is derived entirely from foods of animal origin.

11. V itam in  D
Since the exact requ irem ent of vitamin D is not known, an arbitrary- 

allowance of 2')0 I .U ./day is made. T h is  allowance, is in addition to some 
amounts of  vitamin D  that  m ig h t  be derived from exposure to sunlight.

12. Fat
Since h um an  requirement of fat is not kno^vn, no specific allowance is 

recom mended. A desirable range for fat in tin diet  is, however indicated. 
Diet should contain at least 15g. fat derived fr-an vegetable oils like sesame, 
safflower or groundnut.  I t  is also desirable that  calories deriv ed from fat in the 
daily diet should no t  exceed 30 per cent of total calories.

diets according to the following formula. Protein requirements 
as dietaiT proteins are calculated as follows:

Reference protein requirements Kill 
NPU of dietary proteins

Since the NPU values of proteins of Indian diets (45-55) aie 
lower than those of American and British diets (60-7U), protein 
requirements in terms of proteins of Indian diets .should be greater 
than those in terms of proteins of American and British diets 
The factors used for calculating the protein requirements hv 
various Committees bv the factorial method have varied..



‘ Chapter 4). The recommended allowances for proteins of various 
Committees are given in Tables 16.1, 16.2 and 16.3.

Fat: Fat provides the essential fatty acids such as linoleic, 
linolenic and arachidonic acids. Further, fats are essential for 
the absorption of fat-soluble vitamins like vitamin A, provitamin A 
(Carotene), etc. Phrynoderma, a nutritional deficiency disorder 
of the skin is attributed partly to the dietary deficiency of the 
essential fattv acids. Excess of fat consumption amounting to 
over 40 per cent of the dietary calories has been found to be 
associated with hypercholesterolemia and atherosclerosis. Present 
knowledge does not permit fixing with certainty the minimum 
fat requirements and the safe upper level of fat in the diet. The 
tentative recommendations of the ICMR Nutrition Expert 
Group (1968), are as follows: (/) Minimum daily fat require­
ments of 15g fat providing 5-lOg essential fatty acids and {ii) 
upper safe limit of fat consumption equivalent to 30 per cent of 
total daily calorie requirements. The approximate minimum 
fat requirements for different age groups are given below:

Adults: 10 per cent of total calories in the diet from fat.
Children (1-11 years): 15 per cent of total calories in the diet 

from fat.
Adolescents: 15 per cent of total calories in the diet from fat.
Infants (birth to 1 yr): 30 per cent of total calorics in the feed 

from fat.
Calcium: There is good agreement between the recommended 

allowances of calcium by FAO/WHO Expert Group (1962), 
the ICMR Nutrition Expert Group (1968) and the U.K. Expert 
Panel (1969). The recommendations of the Food and Nutrition 
Board, NRC, USA are higher than those of the U.K. Expert 
Panel.

Phosphorus: The requirements of phosphorus are closely 
related to those of calcium. It is generally agreed that phos­
phorus requirements arc about 20 per cent higher than calcium 
requirements. A large part of the phosphorus present in cereals, 
pulses and nuts is in the form of phytin. Only a small part of 
phytin phosphorus is available to the human body. Further, 
phytin phosphorus interferes with the utilisation of dietary 
calcium and iron.



Table 16.2 Food a n d  N u tritio n  Board, N a tio n a l A c a d e m y  o f  S c ie n c e s
— A llo w a n c e s ,

Designed for the  maintenance  of good nu tr it ion

c.3
Fat-So lub le

Vitamins

so

cd

O'OO
<

4-»

(kg.) (lbs)

’w
K

(cm.) (in)

«V

■X,

s&£)

‘S
cu<

1.5
2 o

Q
c

l 2
>

5

XL u 
>

Infants
0-1/6 4 9 55 22 kgK 120 k g x  2.2 1,500 400 5
1/6-1/2 7 15 63 25 k g x  n o kg X 2.0 1,500 400 5
1/2-1 9 20 72 28 kg X 100 kg X 1.8 1,500 400 5

Children
1-2 12 26 81 32 1.100 25 2,000 400 10

2-3 14 31 91 36 1,250 25 2,000 400 10
3-4 16 35 100 39 1,400 30 2,500 400 10
4-6 19 42 110 43 1,600 30 2,500 400 10
6-8 23 51 121 48 2,000 35 3,500 400 15
8-10 28 62 131 52 2,200 40 3,500 400 15

M ales
10-12 35 77 140 55 2,500 45 4,500 400 20
12-14 43 95 151 59 2,700 50 5,000 400 20
14-1,8 59 130 170 67 3,000 60 5,000 400 25
18-22 67 147 175 69 2,800 60 5,000 400 50
22-35 70 154 175 69 2,800 65 5,000 — 30
35-55 70 154 173 68 2,600 65 5,000 __ 30
55-75 + 70 154 171 67 2,400 65 5,000 — 30

Females
10-12 35 77 142 56 2,250 50 4,500 400 20
12-14 44 97 154 61 2,300 50 5,000 400 20
14-16 52 114 157 62 2,400 55 5,000 400 25
16-18 54 119 160 63 2,300 55 5,000 400 25
18-22 58 12S 163 64 2,000 55 5,000 400 25
22-35 58 128 163 64 2,000 55 5,000 — 25
35-55 58 128 160 63 1,850 55 5,000 — 25
55-75 + 58 128 157 62 1,700 55 5,000 — 25

Pregnancy +  200 65 6,000 400 30
Lactat ion +  1,000 75 8,000 400 30



■National R e se a rch  C ou n cil— R e c o m m e n d e d  D a ily  D ietary  
R e v is e d  1968.
o f  practically all healthy people in U.S.A.
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35 0.05 5 0.4 0.2 0.2 1.0 0.4 0.2 25 6 40
35 0.05 7 0.5 0.4 0.3 l.S 0.5 0.4 40 10 60
35 0.1 8 0.6 0.5 0.4 2,0 0.6 O.S 45 15 70

40 0.1 8 0.6 0.6 0.5 2.0 0.7 0.7 55 15 100

40 0.2 8 0.7 0.6 0.6 2.5 0.8 0.8 60 IS 150

40 0.2 9 0.8 0.7 0.7 3 0.8 0.8 70 10 200

40 0.2 11 0.9 0.8 0.9 4 0.8 0.8 80 10 200

40 0.2 13 1.1 1.0 1.0 4 0.9 0.9 100 10 250

40 0.3 15 1.2 1.1 1.2 5 1.0 1.0 100 10 250

40 0.4 17 1.3 1.3 1.4 5 1.2 1.2 125 10 300

45 0-4 18 1.4 1.4 1.6 5 1.4 1.4 135 18 350

55 0.4 20 1.5 1.5 1.8 5 1.4 1.4 150 18 400

60 0.4 18 1.6 1.4 2.0 5 0.8 0.8 140 10 400

60 0.4 18 1.7 1.4 2.0 5 0.8 0.8 140 10 350

60 0.4 17 1.7 1.3 2.0 5 0.8 0.8 125 10 350

60 0.4 14 1.7 1.2 2.0 6 0.8 0.8 110 10 350

40 0.4 15 1.3 1.1 1.4 5 1.2 1.2 n o 18 300
45 0.4 15 1.4 1-2 1.6 5 1.3 1.3 115 18 350
50 0.4 16 1.4 1.2 1.8 5 1.3 1.3 120 18 350
50 0.4 15 1.5 1.2 2.0 5 1.3 1.3 115 18 350
55 0.4 13 1.5 1.0 2.0 5 0.8 0.8 100 18 350
55 0.4 13 1.5 1.0 2.0 5 0.8 0.8 100 18 300
55 0.4 13 1.5 1.0 2.0 5 0.8 0.8 90 IS 300
55 0.4 13 1.5 1.0 2.0 6 0.8 0.8 80 10 300

60 0.8 15 1.8 +  0.1 2.5 8 +  0.4 + 0 .4 125 18 450
,60 O.S 20 2.0 +0.5 2.5 6 +  0.5 "1-0.5 150 18 450



Table 16.3 R e c o m m e n d e d  D a ily  In ta k e s  o f

Age range O ccupational
category

cf;
7̂u

Q
ZJ

1 a

Chitclrcn
0 to 1 year /. 3 800 3.3 20 U.3
1 to 2 years 11-4 1200 5.0 30 0.5
2 to 3 years 13.5 1400 5.9 35 0.(>
3 to 5 years 16,5 1(,0 ) 6.7 40 0.6
5 to 7 years 20.5 ISOO 7.5 45 0.7
7 to 9 years 25.1 2100 8.8 53 0.8

Boys

9 to 12 years 31.9 2500 10.5 63 1.0
12 to 15 years 45.5 2800 11.7 70 1.1
15 to IS years 61.0 3000 12.6 75 1,2

G irls

9 to 12 years 33.0 2300 9.6 5S 0.9
12 to 15 years 4S.6 2300 9.6 53 0.9
15 to  18 years 56.1 2300 9.6 58 0.9-

M en
18 to 35 years Sedentary 65 2700 11.3 68 l.'l

M oderate ly  active 3000 12.6 75 1,2
V ery active 3600 15.1 90 1.4

35 to 65 years Sedentary 65 2600 10,9 65 1.0
iVIoderately active 2900 12.1 73 1.2
Very active 3600 15,1 90 1.4

65 to 75 years ) A ssum ing a 63 2350 9.8 59 0.9
75 and over / sedentary life 63 2100 8,8 53 0.8

W om en
IS to 55 years M ost occupations 55 2200 9,2 55 0.9

Very active 2500 10.5 63 1.0
55 to 75 years Assum ing a 53 2050 8.6 51 0.8
75 and over 1 sedentary liie 53 1900 S,! 48 0.7
Pregnancy 2nd &

3rd trin iestcrs 2400 10.0 60 1.0
L acta tion 2700 11.3 68 1.1

 ̂ R ep o rt of the  Panel on R ccorrm ended  Allowances o f N u trien ts , Reports on 
L ondon , 1970



RECOMMENDED DIETARY AI.LOWANCES 

E nergy  a n d  N u tr ien ts  for the U n ited  K in g d o m '
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0.4 5 15 450 10 600 6
0.6 7 20 300 10 500 7
0.7 8 20 300 10 500 7
0.8 9 20 300 10 500 8
■0.9 10 20 300 2.5 500 8
1.0 11 20 400 2.5 500 10

1.2 14 25 575 2.5 700 13
1.4 16 25 725 2.5 700 14
1.7 19 30 750 2.5 600 15

1.2 13 25 575 2.5 700 13
1.4 16 25 725 2.5 700 14
1.4 16 30 750 2.5 600 15

1.7 IS 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10
1.7 18 30 750 2.5 500 10

1.3 15 30 750 2.5 500 12
1.3 15 30 750 2.5 500 12
1.3 15 30 750 2.5 500 10
1.3 15 30 750 2.5 500 10

1.6 18 60 750 10 1200 15
1.8 21 60 1200 10 1200 15

P u b lic  H e a l th  a n d  M e d ic a l  S u b je c ts , No, 120, Her Majesty’s Stationery Office,



Tabic 16.4 In tak es o f  T h ia m in e , R iboflavin , N ia c in  an d  V ita m in  A. 
r e c o m m e n d e d  by th e  FAO, W HO Expert Group (1967)

Age T hiam ine
(m g.)

R iboflavin
(mg.)

Niacin^ 
e .y ’ivalents 

(mg)

V itam in A_ 
(re tin o l)

(.PU)

In fan ts

0 -  3 m onths^ — ___ ___ ____ _
3 - 6 m onths^ — — — —

7-12 m onths 0.4 0.6 6.6 300

C hildren

1 vear 0.3 (1.6 7.6 250
2 years 0.5 0.7 S.6 250
3 years 0.6 O.S 9.6 250

4- 6 years 0.7 0.9 11.2 300
7 -  9 years O.S 1.2 13.9 400

10-12 years 1.0 1.4 16.5 575

A dolescents

13-15 years: Boys 
G irls

1.2
1.0

1,7
1.4

20.4
17.2 }725

19-16 years: Boys 
G irls

1,4
1.0

2.0
1.3

23.8
I5.S } 750'

A dults

M an
W om an

1.3
0.9

l.S
1.3

21.1
15.2 |7 5 0

Pregnancy 0.9 1.3 15.2 750
L acta tion 1.3 1.9 21.8 1200

______________________!__

* A niacin  equ ivalen t is 1 m g niacin or 60mg L -try p to p h an

* F o r  ch ild ren  0 to 6 m o n th s it is accepted th a t b reast feeding by a w ell-
nourished  m other is the  best way to satisfy the  n u tritional requ irem en ts 
fo r th iam ine, riboflavin and niacin.

Iron: Iron requirements are computed mainly by the factorial 
method. Iron lost in urine, sweat and in menstruation is esti­
mated. Iron requirements for growth are calculated from the 
iron incicase in the body during growth. An average absorption 
of 10 per cent of food iron is assumed in computing iron 
requirements.



Table 16.5 R e c o m m e n d e d  d a ily  in t ik e s  o f  A sco rb ic  a c id , V ita m in  D  
V ita m in  Bij a n d  F o la te  (FAO/W HO Expert G roup 1970)

Ascorbic V itam in V itam in B,o Folate
acid (mg) (/-‘g) (f*g)

Infants:

0 -  6 months-" 20 1 0 0.3 40
7-12 „ 20 1 0 0.3 60

C hildren:

1- 3 years 20 1 0 0.9
4 - 6  ,. 20 1 0 1.5 1007 -  9 „ 20 2 . 5 1.5

10-12 „ 20 2 . 5 2f0

13-19 years 30 2 . 5 2.0 200'

A dults;

M en ) 
W om en / 30 2 . 5 2.0 200

Pregnancy 500 lOd 3.0 400
L actation 50 10 2.5 300

■» I t  is accep ted  th a t  for in fan ts aged 0-6 m onths b reast-feed ing  by a w e ll- 
nourished  m o th e r is th e  best way to satisfy  th e  req u irem en ts of ascorbic acid, 
v itam in  B12 and folate, b u t no t o f v itam in D.

b A dequate exposure  to  sun ligh t m ay partially  o r totally  replace d ieta ry  
v itam in D .

e 2.5 f  g o f cholecalciferol are equ ivalen t to 100 lU  of v itam in D .
‘I For 2nd and 3rd trim esters .

Vitamin A: Vitamin A requirements aie expressed in terms 
of retinol (vitamin A alcohol) or provitamin A (carotene). The 
ICMR Nutrition Expert Group (1968) recommended that 1 /rg 
retinol equals 4 ng y3-carotene while the U.K. Expert Panel 
(1969) and FAO/WEIO Expert Group recommended that 1/tg. 
retinol=6/rg of /S-carotene as the average absorption from diet 
was assumed to be 33 per cent. The recommended allowances 
of vitamin A and /S-carotene of the different Committees are 
given in Tables 16.1 to 16.4.

Thiamine: Thiamine requirements are directly related to 
calorie requirements. The FAO/WEIO Expert Group (1967)



Table 16.6 Eaergy and Protein requirem ents (Joint FAO AVHO Id. hoc 
Expert Com m ittee 1973)

E n e r g y  r e q u i r e m e n t

A'lales F e m a l e s
B o d y  w t

Age
(kg) P ro te in  ‘ y

M F
(g/kg/day)

t)

0 U o ✓

B irth -3 m onths _ 2.40 120 _ 120 _
3-5 ,, — — 1.S5 115 115 —
6-8 * > — — 1.62 110 — 110 —
9-1! — — 1.44 105 — 105 —
1 year 11.4 11.1 1.27 103 1180 106 1180
2 years 13.6 13.4 1.19 100 1360 100 1350
3 15.6 15,4 1.12 100 1560 99 1520
4 17.4 17.5 l.Oo 99 1720 96 1670
5 20.7 20.0 1.111 91 1870 90 1790
6 23.2 22.4 0.9S 87 2010 85 1900
7 23.9 25.0 0.92 S3 2140 SO 2010
8 •) 28.6 27.6 0.87 79 2260 76 2110
9 ” 31.3 30.4 0.85

M  F

76 2380 73 2210

10 33.9 33.8 0.82 0.81 74 2500 68 2300
11 11 36,7 37.7 O.Sl 0.76 71 2600 62 2 5 51 >
12 40,2 42.4 0.78 0.74 67 2700 57 2^00
13 45.5 47.0 0.77 n.6S 61 2800 52 2450
14 51.7 50.3 0,72 0,62 56 2900 50 2500
13 56.6 52.3 0 67 0.59 53 3000 48 2500
16 60.3 53.6 0.64 0.58 51 3050 45 2420
17 )» 62,4 54.2 0.61 0.57 50 3100 43 2340
18 63.7 54.6 --- --- 49 3100 42 2270
19 65.0 55.0 _  _ 47 3020 40 2200

A dult man 65.0 — 0.57 — 46 3000 — —
A d u lt wom an — 55.0 — 0.52 ~ — 40 2200
Pregnancy I q u a rte r — — _  It — — —- +  1.50

II — — -  -6 4= — — — +  150
I l l  „ — — —  +  Sa — — — +  350

») IV  ,, — — — -f 9a — — — “h j 50
L a c t a t i o n

(1-6 months) q-17a —

( a ) =  g / d a y  (1) as  e g g  o r  m i l k  p r o t e i n s



recommended an allowance of 0.4mg/1000Kcal wlule the ICMR 
Expert Group and h'ood and Nutrition Board, NRC, U.S.A. 
(1968) recommended 0.5 mg/1000 Kcal. The thiamine allowances 
recommended by various Committees are given in Tables 16.1 
to 16.4.

Riboflavin: Riboflavin requirements are related directly to 
the calorie requirements. The FAO/WHO Expert Group (1967) 
recommended an allowance of 0.55mg/1000Kcal. The same 
figure Itas been adopted by ICMR Nutrition Expert Group 
(1968) and UK Expert Panel (1969). The recommended 
allowances of different Panels are given in Tables 16.1 to 16.4.

Nicotinic acid: Nicotinic acid requirements are related to the 
calorie requirements. The E.UO/WHO Expert Group (1967) 
recommended an allowance of 6.6 mg of nicotinic acid equivalents 
per 1000 Kcal. This allowance has been accepted by the ICMR 
Nutrition PNpert Group and UK Expert Panel. In calculating 
nicotinic acid equivalent 60mg of tryptophan present in proteins 
are assumed to be converted into 1 mg of niacin in the body.

T ry p to p h an  in dietary
Niacin equivalents (mg) — Niacin content rag + - _piotciry (mg) ^

60
The recommended allowances of different panels are given in 

Tables 16.1 to 16.4.
Folic acid: Folic acid exists in foods in two forms viz. (?) 

Free form as folic acid and tetrahydrofolic acid and its derivatives 
and (») Bound folic acid and folic acid conjugate (folic acid 
polyglutamate). The ‘free’ folic acid is readily absorbed while 
the folic acid conjugate must be degraded by enzymes to mono­
glutamate to permit absorption, f'olic acid conjugate bv itself 
is not absorbed. -Hence, folic acid requirements are best expressed 
in terms of ‘Free’ folic acid. 'The recommended allowances of 
ICMR Expert Group, I'ood and Nutrition Board, N.R.C. U.S.A, 
and F.\0/\VHO Expert Group (1970) are given in d'ables 16.1,
16.2 and 16.5 respcctieely.

Vitamin \htamin B|„ occurs onlv in foods of animal
origin while foods of plant origin do not contain this vitamin. 
I'or the absorption of this vitamin, an intrinsic factor present in 
the gastric juice is essential. The recommended allowances for 
vitamin B,., of various Expert Panels are given in Tables 16.1,
16.2 and l'6.5.



I'itaviin Vitamin activity is possessed by three closely 
related compounds occurring in foods namely pyridoxine, pyri- 
doxamine and pyridoxal. I'herc is no information on the re­
lative ‘biological activity’ of the three compounds in man but in 
rats they possess nearly the same biological activity. The re- 
eomniended allowances of Food and Niitrition Board, XRC. 
U.S.A. (1968) are given in Table 16.2.

Ascorbic acid: There are two views on ascorbic acid require­
ments. One group (U. K. Expert Panel, 1969) maintains that the 
C[uantity of this vitamin required to prevent signs of deficiency, 
with a safety margin for individual variations and for stresses 
of everyday life, can be recommended as dietary requirements. 
Another group (Food and Nutrition Board, NRC, U.S.A. 196S) 
advocates that the ascoibic acid intake should be able to saturate 
the tissues. The recommended allowances of \aiious Expert 
Groups are given in Tables 16.1, 16.3 and 16.5.

Vitamin E: Vitamin E is essential in human nutrition. 
Increased consumption of polyunsaturated fatty acids causes an 
increase in vitamin E requirements. 'I'he recommended allow­
ances for vitamin E of NRC, U.S.A. are given in Table 16.2. 
One International Unit (l.U.) of vitamin E activity is possessed 
by 1 mg synthetic dl-N-tocopherol.

Vitamin D: Vitamin D is essential for the absorption of 
calcium and phosphonis and for the formation of hone and teeth. 
Body needs of vitamin 1) are met partly from the vitamin D 
formed in the body by exposure to sunlight in the tropical 
countries. I ’he U.K. Expert Panel and Pood and Nutrition 
Board, NRC, U.S.A. have recommended allowances of 400 I.Pi. 
per day while the ICMR Expert Group recommended an allow­
ance of 21)0 l.U.

Other B-vitamins
An average well-balanced diet will provide adequate amounts 

of pantothenic acid, biotin, choline and inositol.

Other elem ents
Iodine: Data regarding the iodine requirements for various 

age groups recommended by Food and Nutrition Board, NRC.. 
U.S.A. arc given in Talile 16.2.



Copper: Data regarding the exact copper requirements are 
not available. The Food and Nutrition Board, NRC, U.S.A. 
has estimated copper requirements as 1-2 mg per day depending 
on age.

Fluorine: Fluoride is present in traces in water supplies. 
Fluoride is an essential component in the structure of teeth and is 
necessary for the prevention of dental caries. Addition of 
fluoride to water supplies to raise the concentration to 1 ppm has 
been found to be effective in preventing the incidence of caries.
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NUTRITION AND FEEDING OF NORMAL INFANTS

Milk is a product of evolution designed specifically for the 
luitrition of infant mammals. iNIilks of different mammals 
differ from each other in the proportions of different nutrients 
present. Human milk is universally regarded as the ideal food for 
the nutrition of human infants during the early months. Yet, 
owing to various causes an infant may not derive adequate 
supplies of human milk and feeding with animal milks has to be 
resorted to. Cow’s milk is widely used in different countries 
for the feeding of infants. In India and certain other countries 
buffalo, goat and sheep milks arc also being used to some extent 
for this purpose. During recent years, milk substitutes prepared 
from sovbean have also been used successfully for the feeding 
of infants. For the satislactorv feeding of infants with animal 
milks or vegetable milk substitutes, a knov\ ledge of the nutritional 
requirements and the digestive capacity of the infants is necessary. 
The use of processed milk foods in the feediirg of infants is also 
on the increase in different parts of the world. 'This Chapter 
gives an outline of the present knowledge regarding the nutritional 
requirements of infants and the use of various tvpes of milk 
and processed milk products and milk substitutes in the feedins 
of infants.

Nutritional requirements of infants
The nutritional requireTuents of artiheialiv fed infants up to 

one year of age suggested hv the Food and Nutrition Board, 
National Research Council (F'NB. NRC) khS.A. (Ih68) arc given 
in Table 17.1. For infants, fed eutirelv on mother’s milk, the 
requirements of all nutrients will he less than those indicated 
in d'ahie 17.1. d'he recommended allowances of l.C.M.R. 
Fxpert Group (1968) and LI.K. Expert Panel (1969) are given in 
Chapter 16, The requirements of the dift'en'nt nutrients are 
hriertv discussed below:

As the h.ealthy new born infant will double its 
weight in 6 months and treble it in 12 months, the importance of



T a b i c  17.1 Recommended daily dietary allowances for infants*

Nutrients Birth to 
2 months

3 months 
to 6 months

7 months to 
12 months

Calories (Kcal) 120/lcg 110/kg lOO/kg
Proteins (g) 2.2/kg 2.0/kg 1.8/kg
Vitamin A (I.U.) 1500 1500 1500
Vitamin D (I.U.) 400 400 400
Vitamin E (I.U.) 5 5 5
Ascorbic acid (mg) .35 35 35
Folic acid (fJg) 50 50 100
Niacin (mg) 5 7 8
Riboflavin (mg) 0.4 0.5 0.6
Thiamine (mg) 0.3 0.4 0.5
Vitamin B,; (mg) 0,2 0.3 0.4
Vitamin 1.0 1.5 2.0
Calcium (g) 0.4 0.5 0.6
Iron (mg) 6 10 15
Iodine ( f ^ g ) 25 40 45

*  Food and Nutrition Board, National Academy of Sciences, National
Research Council, Washington D.C., U.S.A.

' T a b l e  17.2 Recommended daily dietary allowances for infants

ICMR Nutrition E.xpert U.K. Expert

Nutr.ients
Group (1968) Panel (1969)

Birth to 6 7 months to 12 Birth to 12
months months months

Calories (Kcal) 120/kg 1001 kg 800
Proteins (g) 2.3-1.8/kg 1.8-1.5/kg 20
Vitamin A (Ag) as Retinol 400 300 450
Vitamin D (I.U.) 200 200 400
Ascorbic acid (mg) 30 30 15
Folic acid (/rg) 25 25 —
Niacin (mg) — — 5
Riboflavin (mg) — — 0.4
Thiamine (mg) — — 0.3
Vitamin 13,2 ( / - ' s ) 0.2 0.2 —
Calcium (g) 0.5-0.6 0.5-0.6 0.6
Iron (mg) 1/kg 1/kg 6



adequate protein intake for promoting optimal growth is evident. 
The breast-fed infant normally receives from 1.5 to 2.0 g of 
proteins per kilogram body weight per day. This is slightly less 
than the recommended allowances given in Table 17.1 for infants 
fed on cow’s milk. The limited evidence available would indicate 
that the proteins from cow’s milk are utilised less efficiently 
than the proteins of human milk when compared on the same 
levels of protein intake and that feeding higher levels of proteins 
as those given in Table 17.1 will cause a higher retention of 
nitrogen than that observed with infants fed human milk. Ade­
quate data, however, are not available on the performance of 
artificially fed infants receiving protein levels comparable to 
those obtained from breast milk. The average minimum essential 
amino acid requirements of infants, as determined by different 
workers, are given in Table 17.3. Tlie daily amino acid re­
quirements per kilogram body weight are provided by 1.6g of 
human milk proteins or 2.0g of cow’s milk proteins.

T a b le  17.3 A verage  m in im a l d a ily  essential a m in o  a c id  requ irem en ts  
o f  in fan is and  the quantities o f  m ilk  p ro ie in  requ ired  to prov id e

the sam e

Amino acid Infant' (mq/ks)

Histidine 32
Isoleucine 90
Leucine 150
Lysine 105
Methionine 85,65
Phenylalanine 90
Threonine 60
Tryptophan 22
Valine 93

Protein required to g/hg
meet amino acid needs

PI urn an milk 1.6
Cou’’s milk 2.0

'■ Data taktn from the report "Evaluation of Protein Nutrition” P u b .  711- 
F o o d  a n d  X u t r i l i o n  B o a r d ,  National Research Council, National Academy of 
Sciences, U.S.A.



Fat: Fat provides in addition to energy, the essential fatty 
acids needed by the infants. It also serves as a vehicle for fat 
soluble vitamins. \^’eise et al, (1958) reported that for the 
normal nutrition of infants, 4 per cent of the calories have to be 
supplied by linoleic acid when fat provides about 30-40 per cent 
of the calories in the diet. Hansen et ol, (1963) observed the 
development of a clinical syndrome of a skin rash (similar to 
eczema) in infants who received no essential fatty acids for 
several months. The same group have also investigated the 
effects of essential fatty acids on the growth of infants. They 
found that the growth and general health of the infants were 
satisfactory when linoleic acid supplied 1.3 to 7.3 per cent of the 
calorie intake. Linoleic acid comprises 4-5 per cent of the 
calories in human milk and only 1.5 to 2 per cent in cow’s, 
buffalo and goat’s milks. It may, therefore, be desirable to add 
vegetable fats rich in linoleic acid to infant foods based on animal 
milks in order to raise the linoleic acid content to the same level 
as in human milk fat.

Carbohydrates: The chief carbohydrate in milk is lactose. 
The physiological functions of lactose have been reviewed by 
Duncan (1955). Lactose helps in the absorption of calcium and 
phosphorus and in maintaining a normal intestinal microflora. 
In view of this, a fair part of the carbohydrates in the infant’s 
diet should consist of lactose. Other carbohydrates commonly 
added to cow’s milk in infant feeding are sucrose, malt-dextrin 
mixture, invert sugar syrups and dextrose. In the choice of 
carbohydrates the following points should be taken into con­
sideration (1) the case of digestion and absorption (2) the degree 
to which the carbohydrate is fermented in the intestinal tract
(3) relative sweetness and (4) relative cost. Schults et al, (1938) 
reported that the increase in the fasting blood sugar after the 
ingestion of different carbohydrates was in the following de­
creasing order; glucose, dcxtri-maltose, honey, sucrose, fructose 
.and lactose. Sucrose, because of its ready availability and low 
cost, is commonly added to milk for feeding infants. It has the 
advantage of being digested and absorbed more rapidly than 
lactose but less rapidly than glucose and maltose. Since it is 
too sweet, a mixture of dextri-maltosc and sucrose may be more 
suitable for general use in infant feeding formulae.



Calorics: The calorie requirements of infants from birth to 
one year of age have been calculated bv Clements (1949) from 
data available for basal metabolism and tlie calorie ret[uiremcnts 
tor physical activity and growth. The dailv calorie requirements 
ranged from about IdOKcal/kg bodv weight in the first week to 
about 90Kcal/kg bod\' weight at tlie 50th week. The F.X.B., 
N.R.C., U.S.A. recommended an allowance of 120Kcal/kg for 
infants of 1-3 months to ll)()Kcal/kg for infants of 7-12 months of 
age. Adequate calorie intake is essential for promoting optimal 
growth of infants.

Minerals. The infant needs different minerals and these 
must be provided in the milk for proper growth of the infant.

Data regarding the calcium and iron requirements of inlants 
are gnen in Table 17.1. lixact figures for the requirements of 
other minerals are not available. Human and cow’s milks appear 
to procide adequate amounts of all minerals except iron, since 
infants letl exclusively on human milk or modified cow’s milk 
fornndae develop only iron deficiency anaemia and do not show 
deficiencT of any other minerals. For this reason, infant foods 
based on animal milks will have to be fortified with iron salts or 
the infant.-, will have to be provided with supplementary sources 
of iron. Infant foods based on soybean and peanut will have 
to be fortified with iodides also, besieles other minerals as these 
materials have been reported to contain goitrogenic principles.

] 'i1inuius. The recommended allowances of certain \ itamins 
suggested by the F'NB, NRC, U.S.A., are given in Table 17.1. 
A statement issued bv the Council on F’ood and Nutrition of the 
American Medical Association in 1959 stressed the need for 
avoiding the use of excessive intakes of certain vitamins as thev 
may produce toxic effects. A normal infant requires 1500 I.U., 
vitamin A, 400 FFk vitamin D, 35 mg vitamin C, 0.3 to 0.5 mg 
thiamine, 0.4 to 0.6 mg riboflavin and 6 to 9 mg niacin. Data 
regarding the exact requirements of other vitamins are not 
available. Itifants led on unfortified cow’s milk lormulae will 
need daih' the following additional amounts of l itamins: vitamin 
A (SOO 1.1 .), vitamin D (300 to 400 l.L .) \ itamin C (20 to 30 mg) 
and niacin (2 to 3 mg). 4’here is evidence that vitamin 1?,. present 
in cow's tnilk is destroyed to a considerable extent (40 to 70 per 
cent) during heat processing and infants fed cm processed milk



foods may need supplements of vitamin Gyorgy et al, (1952) 
have shown that the greater rate of haemolysis of red blood cells 
observed in some new born infants could be prevented by the 
administration of vitamin E. Since vitamin E content of animal 
milk is very low, infants fed on these milks may need a supple­
ment of vitamin E (5 mg/day).

Digestion of food
The digestion of food by infants differs in several respects 

from that of older children. The most important differences 
in infants are (1) low gastric acidity and (2) absence or low activity 
of amylase in the pancreatic and intestinal juices of infants.

Gastric digestion. Miller studied the composition of fasting 
gastric juice of infants and found that the gastric acidity was 
highly variable. Wolman (1946) studied the pH of the gastric 
contents over a period of I f hours after the ingestion of cow’s 
milk in the young infant (1-2 months old) as compared with 
infants aged 6 to 11 months and young children. The results 
showed that (f) the pH of the gastric contents of infants aged 
1-2 months was about 6 and almost constant and (u) the pH of 
the gastric contents of infants aged 6-11 months fell from 6 to 4.8 
while the pH of the gastric contents of young children fell steadily 
from 5.6 to 2.5. These results support the observations of other 
workers that the secretion of hydrochloric acid is very low in 
young infants (1-2 months) and the amount of acid secreted 
increases as the infant grows. The enzymes present in the 
gastric juice of normal infants are pepsin, cathepsin and lipase. 
Pepsin can digest proteins at a pH of 2.5 to 4. Pepsin is also 
responsible for the formation of curd from milk, the optimum 
pH for the conversion of casein to paracasein by pepsin being 
5.3. The presence of another proteolytic enzyme-cathepsin-in 
the gastric juice of infants was discovered by Bucks (1940) and 
Freudenberg (1943). ’Fhe enzyme has a maximum activity 
at pH 4.7. They found that the proteolytic activity of cathepsin 
in the gastric juice of 54 infants was approximately 50 per cent 
of that of pepsin. In view of the low acidity of the gastric 
contents of young infants (1-2 months), it is evident that much of 
the proteolytic activity of gastric juice on milk is due to cathepsin. 
Some digestion of the fat of milk may take place in the stomach



by the action of gastric lipase. This is, however, usually negli­
gible. The changes in the pH of the stomach contents of infants 
after the ingestion of cow’s or human milk have been studied by 
some workers. The maximum acidity was found to be attained 
at If  hours after the ingestion of milk. The change in the pH 
of stomach contents was from 3.0 to 6.4 at 1' hours after tlie 
ingestion of cow’s milk and 3.0 to 4.9 after the ingestion of human 
milk. This difference is evidently due to the high buffering 
capacity of cow’s milk. It has been reported that feeding cow’s 
milk diluted with water or cow’s milk acidified with lactic acid 
or citric acid, brings about a lowering in the pH of the stomach 
contents similar to that observed after the ingestion of human 
milk. Wolman (1946) found that the pH of the stomach contents 
■exerted a strong influence on the phvsical state of curd formed 
from the ingested milk.

Pancreatic digestion: Klumpp and Neale (1930) studied the 
enzymes in duodenal contents of infants. They found that the 
proteolvtic activity was quite high, the lipolytic activity fairly 
high, while the amylolytic activity very low in infants 1 to 3 months 
■old. The amylolytic activity was found to increase steadily 
after the 5th month. Due to lack of adequate amylase activity, 
young infants cannot digest starchy foods to an appreciable extent.

Intestinal microflora: The digestive tract of the new born 
infant is usually sterile. Within a day or two after birth, bacteria 
appear in considerable numbers in the intestinal tract, .-\ccording 
to Kendall (1952) the predominating organism in the intestines 
of infants fed on human milk is lactohaciUus bifldus. In addition, 
bacillus lactic aerogenns and B. colt are also found in appreciable 
numbers. On the other hand, the intestinal flora of infants fed 
■on cow’s milk is characterised by a preponderance of B. coli. 
Gyorgy (1953) has made extensive studies of the factors res­
ponsible for the predominantly lactohaciUus bifldus flora in human 
milk-fed infants and contrasted these with the mixed flora of 
coAv’s milk-fed infants. He found a new strain of lactohaciUus 
hijidus L, rar Penn, in human milk-fed infants, the growth of 
which Avas stimulated by some groAvth factors viz. nitrogen con­
taining poK'saccharidcs present in human milk. These grouth 
factors are found in much greater quantity in human milk than 
in coAv’s milk. In contrast to the acid reaction of the faeces of



normal breast-fed infants, the pH of the faeces of infants given 
the usual cow’s milk formula is neutral or alkaline. This is evid­
ently due to the difference in the intestinal microflora of infants 
fed on the two types of milks.

The chem ical com position o f hum an m ilk and certain  
anim al milks
The composition of human milk as compared with those of 

cow, buffalo and goat is given in Table 17.4. The differences 
in the composition of the different milks are briefly discussed 
below:

Table 17.4 T h e  c o m p o s it io n  o f  h u m a n  m ilk  a s  c o m p a re d  w ith  th a t  
o f  c o w ’s, b u ffa lo ’s a n d  g o a t’s m ilk s  (v a lu e s  p e r  100m l)

C onstituen ts H um an Cow Buffalo G oat

P ro te in  (g) 1.2 3.3 3.8 3.3
■Casein (g) 0.4 2.8 3.0 2.5
L acta lbum in  (g) 0.3 0.4 0.4 0.4
Lactoglobulin  (g) 0.2 0.2 0.2 0.3
F a t 3.S 3.7 7.5 4.1
L actose  (g) 7.0 4.8 4.4 4.7
C alories (Kcal) 71 69 100 76
M ineral m atte r (g) 0.21 0.72 0.8 0.77
C alc ium  (mg) 33 125 210 130
P hosphorus (mg) 15 96 130 106
C hlorine  (mg) 43 103 112 159
M agnesium  (mg) 4 12 15 16
Potassium  (mg) 55 138 142 181
Sodium  (mg) 15 58 65 41
Iro n  (mg) 0.15 0.10 0.2 0.05
C o p p er (mg) 0.04 0.03 0.02 0.04
Iodine (mg) 0,007 0.021 0.004 —
M anganese (mg) 0.7 2 — 8
Z in c  (mg) 0.53 0.38 — —
Vitamins
V itam in A (I.U .) 160 158 200 120
V itam in D  (I.U .) 1.4 2.0 — 2.3
T h iam in e  (mg) 0.017 0.04 0.05 0.05
Riboflavin (mg) 0.04 0.18 O.U) 0.12
N ico tin ic  acid (mg) 0.17 0.08 0.28 0.20
Panto then ic  acid (mg) 0.20 0.35 — —

V itam in (mg) O.OUl 0.035 — ----- -

Folic acid (/Jg) 1.3 5.6 3.3 0.7
B iotin  (/tg) 0.4 2.0 — 1.5
V itam in B,o ()tg) 
V itam in  C (mg)

0.03 0.50 0.30 0.10
4.0 2.0 2.5 2.0



Proteins: Cow’s, buffalo’s and goat’s milks contain about 
3 times as much proteins as human milk. The ratio ot casein to 
albumin in human milk is nearly 1:1, and about 7:1 in the aitimal 
milks. T’he high casein content has hcen the important cause 
in the formation of hard curd from these milks in the stomachs 
ot infants. Data regarding the essential amino acid compositioit 
of the proteins of the different milks arc given in Table 17.r. 
Human milk proteins contain greater amounts of tryptophan 
and sulphur amino acids especially evstine than the animal milk 
proteins. The NI’U of the human milk proteins (87.0) has been 
reported to be higher than that of the proteins of cow’s milk. 
Rarness et al, (1957) have reported that in normal infants fed on 
human milk, nitrogen retention was greater than that observed 
in infants fed on cow’s milk when the protein intakes fi'om the 
two milks were the same. In view of this, infants reqiure greater 
amounts of proteins from animal milks than from human milk.

'J'ahh 17.5 E ssen tia l a m in o  a c id  c o m p o sitio n  o f  m ilk  p rote in s

A m ino acid H um an Cow Buffalo G oat

Arginine 4.7 3.7 3.3 2.2
H istid ine 2.5 2.7 2.1 2.0
Uoleucine 5.5 6.5 5.0 5.0
L eucine 9.1 10.0 10.2 8.7
Lysine 6,6 7.9 8.1 6.3
C ystine 2.0 0.9 1.4 0.7
M ethionine 2.4 2.5 2.7 2.2
Phenylalanine +.4 4.9 4.3 4.4
T yrosine 5.2 4.2 — —

T hreon ine 4.5 4.7 5.2 4.3
T ry p to p h an 1.7 1.4 1.4 1.3
Valine 6.3 7.0 6.2 5.8

Fat: The fat contents of cow’s and goat’s milks are nearly 
of the same order as that of human milk but buffalo milk contains 
nearly twice as much fat as human, cow’s and goat’s milks. The 
main differences (d'ablc 17.6) between human milk fat and animal 
milk fats are (1) the absen.ee of butyric acid and certain other 
lower fatty acids in human milk fat and (2) the presence of higher 
percentage of oleic acid and essential fatty acids (e.g. linoleic acid) 
in the former as compared rvith the latter.



Table 17.6 F a tty  a c id  c o m p o s it io n  o f  fa ts  o f  h u m a n  m ilk  a s  c o m p a r e d  
w ith  c e r ta in  a n im a l  m ilk s

F atty  acid H um an Cow Buffalo G oat

S a tu ra ted :
B utyric acid 0.4 3.1 4.1 2.6
C aproic acid 0.1 1.0 1.4 2.3
C apry lic  acid 0.3 1.2 0.9 2.7
C apric acid 1.7 2.6 1.7 8.4
L aurie  acid 5.8 2.2 2.8 4.5
M yristic  acid 8.6 10.5 10.1 11.1
Palm itic  acid 22.6 26.3 31.1 28.9
Stearic acid 7.7 13.2 11.2 7.8
A rachidic acid 1.0 1.2 0.9 0.4

■Unsaturated

Oleic acid 36.4 32.2 33.2 27.0
L inolcic acid 8.3 1.6 2.6 2.6
L inolenic  acid 0.4 — —

C2U-22 acids 4.2 1.0 — 0.4
A rachidonic acid 0.8 1.0 — 1.5

M elting  poin t°C 31 35.3 36.5 _
Iodine num ber 61.6 38.4 33.0 28.8

Minerals: The mineral contents of animal milks are about 
2 to 5 times those of human milk except in the case of certain 
trace elements such as iron, copper etc. The buffering capacity 
of animal milks is very much greater than that of human milk. 
The relation of buffering capacity to peptic digestion has been 
referred to in an earlier section. Further, the extra amounts of 
minerals present in animal milks may increase water requirements 
and impose strain on the kidneys of young infants.

Vitamins: The vitamin A content of human milk is nearly 
equal to that of cow’s, buffalo’s and goat’s milks. All the milks are 
poor sources of vitamins E and D, niacin, folic acid and vitamin C. 
The animal milks contain about 2 to 4 times as much thiamine, 
riboflavin and vitamin as those present in human milk. 
Both human and animal milks are fair sources of \itamin B,j. 
A fair part of vitamin B,. activity is, however, destroyed during the 
heat processing of milk as mentioned earlier.



M odification of anim al m ilks for infant feeding
It is a matter of common experience that most young infants 

have difficulties in digesting untreated cow’s or buffalo’s milk. 
This is mainly due to the higher protein and buft'er salts content 
of most animal milks. The large amounts of casein present 
in animal milks form a dense curd in the stomachs of infants 
when acted upon by pepsin and the pepsin digestion is retarded 
by the neutralisation of the hydrochloric acid present in the 
gastric juice by buffer salts. Further, buffalo milk contains 
excessive amounts of fat. Buffalo milk can be partially skimmed 
or ‘toned’ by the addition of an equal volume of reconstituted 
skim milk. The animal milks can be modified in several ways 
for infant feeding. These include (/) Boiling (») Dilution with 
water {iii) Acidifying with organic acids and (/®) Addition of 
buffer salts. All these treatments bring about changes in the 
curd tension and also in the composition of tlic milk.

Boiling: Boiling of fresh milk is an essential step to destroy 
harmful bacteria. This step also brings about changes in the 
physico-chemical properties of milk and helps to lower the curd 
tension to a considerable extent.

Dilution loith icater: Dilution of animal milk with water in 
proportion of 1:1, 2:1 or 3:2 is adopted for feeding infants of 
\ arying ages. IMilks diluted with water will have to be fortified 
with vitamin A, besides other nutrients such as vitamin D, iron 
and ascorbic acid as mentioned earlier.

Acidifying with organic acids: In this method, sufficient 
quantities of lactic or citric acid are added so as to neutralise the 
buffering action and to cause a finely divided suspension of 
proteins. Milk treated in this way lias a low curd tension. To 
each litre of milk, 60-80 drops of 40 per cent lactic acid or one 
teaspoon of 25 per cent citric acid or one ounce of fresh lemon juice 
or 2 ounces of fresh orange juice are added. Milk obtained in 
this way has a low buffering capacity and is readily digested by 
infants.

Addition of buffer salts: I ’he addition of sodium citrate and 
sodium phosphate results in lowering of curd tension. This 
procedure, however, has the disadrantage of increasing the 
buffering capacity and hence is likely to prevent the digestive



action of pepsin so that the milk may leave the stomach without 
being digested.

Hoinogenisation: In this process, milk is subjected to a 
temperature of 165°F and to a pressure of 2000 Ibs/sq.inch. The 
fat globules are broken down and the protein is redispersed over 
their surface, resulting in a lowering of the curd tension of milk.

Feeding schedule for infants
The nutritional requirements of normal infants may be met 

by the use of simple mixtures of whole boiled cow’s milk or 
partially skimmed or toned buffalo’s milk, sugar and water, 
together with food supplements containing vitamin D, ascorbic 
acid and iron.

The chemical composition of human, cow’s and buffalo’s 
milks is given in ’Fable 17.4. Whole buff alo’s milk is rich in fat 
and hence is not suitable as such for feeding infants. It should 
be partially skimmed or toned. Toned buffalo’s milk can be 
readily prepared in the home by mixing equal quantities of pure 
buffalo’s milk and milk reconstituted from skimmed milk powder. 
Infants vary much in their ability to digest undiluted boiled milk. 
Dilution of the milk serves to make it more readily digestible 
and, at the same time, permits a more generous fluid intake. 
Dilution is required only for the young infant. Undiluted boiled 
milk usually can be digested without diflfculty at seven or eight 
months of age. The quantities ot milk, water and sugar required 
for infants of age varying from 1 to 12 months are given in 
Table 17.7. In addition to this, the inhint up to the age of 6 
months requires a supplement of fruit juice (preferably orange 
or tomato juice) as a source of vitamin C and shark liver oil as 
a source of vitamins A and D. For infants older than 6 months, 
small amounts of cooked and mashed green leafy vegetables, egg 
yolk, cereals and fruit pulp should be introduced in gradually 
increasing amounts as sources of iron and other nutrients.

Feeding experim ents with infants using hum an m ilk and  
cow ’s m ilk

Only a few reports are available in the literature on the com­
parative performance of infants fed on human milk and cow’s 
milk. Sterns (1939) reported that infants fed from birth to six



Table 17.7 F eed in g  o f  in fan ts w ith  fresh  c o w ’s or toned  bu ffa lo  m ilk

Age (m onths)

1 2 3 4-5 6-7 8-9 10-11 12

No. o f feeds 
per day

7 6 6 6 6 5 5 5

C ow 's milk or 
toned buffalo 
milk (ml)

400 500 600 700-750 800-850 900-950 900-950 1000

W ater 300 300 300 300 200 too ion —
C ane sugar (g) 20 30 40 50 60 60 60 60
V itam in D (I.U .) 400 400 400 400 400 400 400 4011
Egg yolk — — — — 4 t 1 i
F ru it ju ice  (ml) — — 10 15 20 25 30 35
Cereal footl (g) — — — 10 15 2S 30 40
M ashed vege­

tables and Iruits 
(Teaspoons)

4 4 6 s

m o n t h s  u t  a g e  o n  m o d i f i e d  c o w ’ s  m i l k  s h o w e d  a  s t e a d y  i n c r e a s e  
i n  t h e  p e r  c e n t  o f  b o d y  n i t r o g e n  i n  c o n t r a s t  t o  b r e a s t - f e d  i n f a n t s  
w h o s e  b o d y  n i t r o g e n  p e r  c e n t  r e m a i n e d  a t  b i r t h  l e v e l  o r  s h o w e d  
a  s l i g h t  d e c r e a s e .  T h e  g r e a t e r  n i t r o g e n  i n  t h e  b o d y  o f  a r t i f i c i a l l y  
f e d  i n f a n t s  m u s t  n e c e s s a r i l y  r e p r e s e n t  l a r g e r  a m o u n t s  o f  t i s s u e  
p r o t e i n s ,  s i n c e  n i t r o g e n  i s  n o t  s t o r e d  i n  a n y  o t h e r  f o r m .  l a r g e  
p a r t  o t  t h e  i n c r e a s e  i n  t i s s u e  p r o t e i n s  w a s  r e p r e s e n t e d  b v  a n  
i n c r e a s e  m  m u s c l e  m a s s  w h i c h  w a s  a p p r o x i m a t e l y  2 5  p e r  c e n t  
g r e a t e r  t h a n  t h a t  o b s e r x e d  i n  b r e a s t - f e d  i n f a n t s .  S i m i l a r K  ,  t h e  
c a l c i u m  r e t e n t i o n  i n  t h e  b o d y  o f  i n f a n t s  f e d  m i  c o w ’ s  m i l k  h a s  b e e n  
f o u n d  t o  b e  h i g h e r  t h a n  t h a t  o b s e r v e e l  i n  b r e a s t - f e d  i n f a n t s .  
I ’ h e  s i g n i f i c a n c e  o f  t h e  a b m e  f i n d i n g s  o n  t h e  h e a l t h  a n d  p h y s i o ­
l o g i c a l  f u n c t i o n s  o f  i n f a n t s  i s ,  h o w e v e r ,  n o t  c l e a r .  S i m p s o n  
( 1 9 5 3 )  r e p o r t e d  a  g r e a t e r  g a i n  ( 9 - 1 1 )  o u n c e s )  i n  t h e  a v e r a g e  
w e i g l i t  o f  i n f a n t s  f e d  o n  c o w ’ s  m i l k  f o r m u l a  t h a n  t h a t  o b s e r v e d  
w ' i t h  b r e a s t - f e d  i n f a n t s .  I n a n  e x t e n s i v e  e x p e r i m e n t  c a r r i e d  o u t  i n  
l \ l a l a \ ' s i a ,  t h e  w e i g h t  g a i n s  o f  i n f a n t s  f e d  b r e a s t  m i l k  w  a s  c o m p a r e d  
w i t h  t h o s e  o f  i n l a n t s  o n  c o w ’ s  m i l k .  ' I ’ l i e  r e s u l t s  i n d i c a t e d  t h a t  
b r e a s t - t e d  i n f a n t s  b e l o n g i n g  t o  t h e  l o w  i n c o m e  g r o u p s  s h o w e d  
g r e a t e r  g a i n  i n  w e i g h t  i n  t h e  f i r s t  s i x  m o n t h s  t h a n  t h o s e  r e c e i v i n g



cow’s milk as the latter did not receive adequate amounts of milk. 
There was no difference in the gain in weight of the two groups 
of infants belonging to the well-to-do families. A most extensive 
comparison of human and cow’s milk has been made by Mellander 
etal, (1959). In a group of 402 infants, they found no difference 
at seven months between the breast-fed and early weaned infants 
with regard to deficiency diseases, haemoglobin values, antibody 
response or contageous diseases. They found that the gain in 
weight, height, and gamma globulin in early weaned infants 
was greater than that of the breast-fed infants at 71 months of age. 
On the other hand, breast-fed infants had significantly fewer 
upper respiratory and gastro-intestinal infections and had higher 
serum calcium at 1\ months than the early-weaned infants.

Processed infant foods based on anim al m ilks and vegetable  
m ilk substitutes

During recent years the use of processed infant foods based 
on milk and milk substitutes have been on the increase. The 
different tvpes of infant foods may be discussed under the following 
heads. (1) Foods based on animal milks (2) Foods containing 
non-fat milk solids and vegetable fat and (3) Foods based on 
vegetable milk substitutes.

Foods based on anim al m ilks
Evaporated milk: Evaporated milk is being widely used in 

U.S.A. for feeding infants as it can be readily reconstituted and 
fed to infants. In the unopened can it will keep for months 
without refrigeration. The standard can contains 14.5 ounces 
(by weight) and is diluted with an equal amount of water and 
carbohydrate is added before being fed to infants. It contains 
about 7.9 to 9 per cent of proteins and of fat, with a total solids 
content of 26-31 per cent and is commonly fortified with vitamin
D. In the process of manufacture, milk is concentrated to about 
half its original volume and the evaporated milk thus obtained is 
homogenised, filled in cans and sterilised at 240°F. As a result 
of heat treatment, the casein is altered so that the curd formed 
in the stomach is softer and smaller than that of boiled milk. 
Homogenisation of the milk also makes the fat more readily

28



digestible and helps to lower the curd tension. The lactal- 
bumin present in the milk is also altered in its properties and is 
less allergenic than that present in the boiled milk. There are 
reports indicating that a greater part of vitamin present in the 
milk is destroyed in the process. Evaporated milk will, therefore, 
have to he fortified with vitamin and other vitamins which are 
destroyed during heat processing.

Dried milk foods: Dried milk foods suitable for feeding in­
fants are usually prepared by drying the concentrated milk (with 
or without various additions) using spray or roller driers. 
The advantages of dried milk foods over milk are (1) the small 
bulk and ease of transportation (2) the long keeping^qualitv and
(3) the hygienic quality of the product. The infant milk foods 
available on the market mav be broadly grouped under three 
heads (1) Full cream milk foods (2) Half cream milk foods and
(3) Humanised milk foods. Most of these products are made 
from cow’s milk. Recently, processes have been described for 
the preparation of infant foods from buffalo milk (Swamina- 
thaii and Parpia 1968). These foods have been found to be 
readily digested and promote good growth in infants. The 
nutritive value of milk foods based on buffalo milk and contain­
ing varying levels of proteins (10-28 per cent) and of fat (8-26 
per cent) has been studied by growth experiments in albino rats. 
The results showed that milk foods containing 15 per cent 
proteins and 15 per cent or 26 per cent fat promoted nearly the 
same growth rate as full-fat milk powder (26 per cent proteins 
and 26 per cent fat), while a milk food containing 10 per cent 
proteins and 26 per cent fat (similar to that of dried human 
milk) promoted significantly less growth. Similar studies with 
infants are needed to find out the optimal protein and fat levels 
for promoting good growth in infants. Dried and evaporated 
milk foods based on goat’s milk are also being used in U.S.A. for 
feeding infants who develop allergic symptoms when fed on cow’s 
milk.

Foods based on non-fat m ilk solids and vegetable fats
Infant foods based on non-fat milk solids and vegetable fats 

are being manufactured on a large scale in U.S.A. and used 
extensively for feeding infants. Such foods will have higher



contents of essential fatty acids and vitamin E than milk foods 
containing butter fat. It has-been reported that the feeding of 
infant foods containing soybean or corn oil results in a lower 
blood cholesterol level than that observed with infants receiving 
milk foods containing butter fat.

Foods based on vegetable proteins or blends of vegetable 
proteins and non-fat m ilk solids

Recent investigations indicate that infant foods based on 
soybean can meet the nutritional requirements and promote 
good growth of infants. In EhS.A., infant foods based on soybean 
are being used for feeding infants who develop allergic symptoms 
when fed on cow’s milk; but in India and other developing coun­
tries such foods can be used for the feeding of normal infants as 
there is an acute ‘ shortage of milk in these countries. Care 
should be taken, however, to ensure that these foods are adequately 
fortified with all essential vitamins and minerals and limiting 
essential amino acids. It may be desirable to incorporate some 
quantity of lactose in foods meant for infants allergic to cow’s 
milk, as this sugar appears to be an essential nutrient for infants. 
If, however, the foods are used for the feeding of normal infants 
in developing countries, it will be desirable to incorporate about 
20 per cent of non-fat milk solids in the foods in place of lactose. 
Investigations carried out at the C.F.T.R.I., Mysore have shown 
that infant foods prepared from blends of groundnut and soybean 
or groundnut protein isolate and non-fat milk solids, possess high 
nutritive value. There is considerable scope for the production 
of these infant foods in India and other developing countries 
(Swaminathan and Parpia 1968).

Supplementary foods
Milk is the basic food of the infant in that it supplies a greater 

part of the required nutritional essentials. Other foods are 
commonly added to the diet (some from the beginning) in order 
to provide dietary essentials lacking in milk and also to accustom 
the baby to varieties in flavour and consistency in food so that 
good feeding habits are developed. These foods include a source 
of vitamin D, fruit juices, strained vegetables, fruits and meat, 
and pre-cooked cereals.



Vitamin D: A source of vitamin D is essential for infants 
receiving unfortified milk and milk foods. Great care'should 
be taken to ensure that excess of vitamin D is not administered.

Fruit juices: h'ruit juices commonlv given to infants ar? 
orange or tomato juices. These provide the required amounts 
of vitamin C. d’he organic acids present in fruit juices help to 
lower the curd tension of milk and therebv aid in the digestion of 
milk proteins and in the absorption of calcium.

Egg yolk: I\Iilk is a poor source of iron and a fair source of 
thiamine. Egg yolk is a fair source of both these nutrients and 
it has become customary in Western countries to add egg yolk 
to the diets of infants from 4th to 6th month onwards.

Strained vegetables and fruits: Strained fruits and vegetables 
are added to the diets of infants from the 4th month onwards. 
Thev proe ide iron, vitamin C and small amounts of indigestible 
carbohvdrates. The latter may help to present constipation. 
Several types of strained babv foods are being manufactured on 
a commercial scale and widely used as a supplement to milk 
in the feeding of babies in Western countries.

Strained baby foods based on meat: Strained baby foods con­
taining meat, liver and egg yolk are being manufactured on a large 
scale and used as a supplement to milk in the feeding of infants 
from the 6th month onwards in Western countries.

Precooked enriched cereal foods: The feeding of cooked 
cereals as the baby’s first solid food has been a custom widely 
prevalent in different countries. There is increasing evidence 
that cereals add something of value to the diet and that babies 
who receive it thrive better than those who do not. Precooked 
roller dried cereal foods are widely used for this purpose. These 
are fortified w ith iron so that they can meet the iron requirements 
of babies.

Nutrition and feeding of infants in developing countries
In vietv of the acute shortage in the production of milk and 

other animal foods in developing countries, a large majoritv of 
infants have to depend on breast milk for their nutrition. In­
fants over the age of 6 months do not receive adequate quantitv 
of mother’s milk. Elence, malnutrition and undernutrition are 
widely prevalent among them. During recent years, considerable



amount of work has been carried out on the utilisation of oil­
seeds and legumes in the supplementary feeding of infants. 
Vegetable protein foods used in infant feeding may be broadly 
grouped under the following heads: (1) Milk substitutes based 
on oilseeds and nuts (2) Precooked cereal-based protein supple­
ments and (3) Protein foods based on oilseed meals, legumes 
and fortified with vitamins and minerals.

Milk substitutes based on oilseeds and nuts: As already men­
tioned in an earlier section, investigations carried out by several 
W'orkers have shown that milk substitutes based on soybean 
promote good growth in infants. Milk substitutes based on 
blends of soybean, groundnut and sesame can be used as 
supplements to breast milk in the feeding of infants. Such 
infants may need an extra supplement of calcium salts, vitamins 
A antf D, if these have not been incorporated in the milk sub­
stitutes.

Pre-cooked cereal-based, protein supplements: Studies earride 
out by various workers have shown that pre-cooked roller dried 
foods based on blends of cereals, legumes and oilseed meals and 
skim milk powder fortified with vitamins and minerals, eould 
be used as supplementary foods for feeding infants, over 6 months 
of age.

Protein foods based on oilseed meals and legumes and fortified 
with vitamins and minerals: Studies carried out by various 
workers have shown that processed protein foods based on blends 
of cereals, legumes and oilseed meals could be used in the form 
of porridge or pudding as supplements to the diets of infants 
over 6 months of age.
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NUTRITION OF PRE-SCHOOL CHILDREN

The infant and the pre-school child are extremely vulnerable. 
They succumb readily where the diet is poor in quality and quan­
tity and infectious diseases and infestations are widespread. The 
rate of growth and development of infants and pre-school children 
depend to a large measure on the adequacy of the diet consumed 
by them. Frequent attacks of infectious diseases further increase 
the requirements of various nutrients.

Growth of normal infants and pre-school children
Data regarding the growth rate of normal infants and pre­

school children are given in Tables 18.1 and 18.2.

Table 18.1 In cr e a se  in  h e ig h t o f  n o rm a l w e ll- fe d  in fa n ts  
and  p re-sch o o l c h ild r e n '

Age
(m onths)

H eight
(male

infants)
(cm)

Increase in 
height 

(cm/yr)

H eight
(female
infants)

(cm)

Increase in 
height 

(cm/yr)

A t b irth 50.6 50.2
3 60.4 59.5
6 66.4 65.2
9 71.2 70.1

12 75.2 24.6 74.2 24.0
24 87.5 12.3 86.6 12.4
36 96.2 8.7 95.7 9.1
48 103.4 7.2 103.2 7.5
60 108,7 5.3 109.1 5.9

' Figures for 50th percentile from data obtained in studies o f C hild H ealth  
and  D evelopm ent, D epartm ent of M aternal and C hild H ealth, H arvard  School 
o f Public  H ealth.

Increase in body length: The average infant grows about 25 cm. 
in body length during the first year distributed approximately 
as follows: 10, 7, 5 and 3 cm. in the first, second, third and fourth



Table 18.2 I n c re a s e  in  w e ig h t  o f  n o r m a l  w e ll- fe d  in fa n ts  a n d  p r e ­
s c h o o l c h i l d r e n '

Ago
(m onths)

Tsody wt. 
(male 

infants) 
(I'g.)

Increase in 
body wt. 
(kg.'yr)

Body wt. 
(t'emale 

infants) 
(kg.)

Increase 
in body wt. 

(kg/yr)

A t b irth 3.40 3.36
3 5.72 5.62
6 7.58 7.26
9 9.07 8.71

12 10.07 6.67 9.75 6.39
24 12.56 2.49 12.29 2.54
36 14.61 2.05 14.42 2.13
48 16.51 1.90 16.42 2.00
60 18.37 1.86 18.37 1.95

* Figures for 50th percentile from  data obtained in studies of C hild  H ealth  
and D evelopm ent, D epartm en t of M aternal and C hild H ealth , H arvard  School 
of Public Health.

quarters respectively. The yearly increases in height in pre­
school children are as follows: 1-2 years, 12.4; 2-3 years, 8.9;,
3-4 years, 7.3 and 4-5 years, 5.6 cm.

Increase in weight: The increase in body weight in the 1st 
year is 6.5 kg. as compared with 2.5 kg. during 1-2 years, 2.1 kg. 
during 2-3 years; 2.0 kg. during 3-4 years and 1.9 kg. during 4-5 
years.

Growth rate of infants and pre-school children in develop­
ing countries

There is some evidence that infants in the developing coun­
tries grow well during the first six months of life when they are 
solely breast-fed. The growth declines during the second half 
i.e., 6 months-12 months, as they receive cooked cereals and 
roots and tubers as supplements and hence do not get adequate 
nutrition. Studies carried out by several workers have shown 
that a large majority of pre-school children in the developing 
countries grow at a subnormal rate as the diets consumed by them 
are inadequate both in quantity and quality. Data regarding the 
growth of pre-school children in India as compared with American 
standards are given in Table 18.3. It is of interest to note that the



mean weight of pre-school children (1-5 years) in India is about 
20-25 per cent less than that of American pre-school children for 
the corresponding age group. On the other hand, the mean height 
of pre-school children in India is only 6-8 per cent less than that 
of American pre-school children.

Table 18.3 M ea n  w e ig h t a n d  h e ig h t o f  p re-sch o o l c h ild re n  in  India  
a s  c o m p a red  w ith  A m e r ic a n  S tandards

Age
(years)

H eight (cm) W eight fkg)
Indian^ American^ Indian^ American*

Male Fem ale M ale Fem ale Male Fem ale M ale Fem ale

1 73.9 72.5 75.2 74.2 8.4 7.8 10.1 9.8
2 81.6 80.1 87.5 86.6 10.1 9.6 12.6 12.3
3 88.8 87.2 96.2 95.7 11.8 11.2 14.6 14.4
4 96.0 94.5 103.4 103.2 13.5 12.9 1*.5 16.4
5 102.1 101.4 108.7 109.1 14.8 14.5 18.5 18.4

* N u tritio n  Atlas of India, I.C .M .R . N ew  D elhi, 2nd E dition  (1971).
* Figures for 50th percentile from data obtained in studies of C hild  H ealth  

and D evelopm ent, D epartm en t of M aternal and Child H ealth , H arvard  School 
o f Public  Health.

Nutrient requirem ents of pre-school children
Data regarding the mean daily nutritional requirements of 

various Expert Committees are given in Tables 16.1-16.5 in 
Chapter 16 and summarised in Table 18.4. They are briefly 
discussed below:

Calories: The mean calorie requirements range from 100 
Kcal/kg. at one year to 80 Kcal/kg at 5 years. This will work 
out to about 1000 Real at 1 year to 1450 Real at 5 years. The 
calorie allowances of various Expert Groups range from 1050 Real 
at one year to 1600 Real at 6 years.

Proteins: The protein allowances recommended by various 
Expert Groups are given in Tables 16.1-16.3 (Chapter 16). The 
allowances recommended by the ICMR Nutrition Expert Group 
(1968) range from 17-22 g as compared with 25-30 g. recommend­
ed by Food and Nutrition Hoard, N.R.C. U.S.A. (1968) and 30- 
40 g. recommended by U.R. Expert Panel (1969). It is evident 
that the recommendations of ICMR E.xpert Group are low and 
need to be increased to 25-30 g.



Table 18.4 R e c o m m e n d e d  d a ily  nu trien t a llo w a n c e s  for p re-sch oo l 
c h ild r e n  (1-5 yea rs;

N u trien t I.C .M .R . 
Ind ia  (1968)

N .R .C . 
U .S .A , (1968)

U .K .E x p e rt 
Panel (1969)

Calories (Kcal) 1000-1500 1100-1600 1200-1600
Pro te ins (g) 17-22 25-30 30-40
Calcium  (g) 0.4-0.5 0.7-0.8 0.5
Iro n  (mg.) 15-20 10-15 7-8
V itam in A  (/rg). 250-300 2000-2500 (I.U .) 300
A scorbic acid (mg) 30-50 40 20
T hiam ine  (mg) 0.6-0.8 0.5-0.8 0.5-0.6
Riboflavin (mg) 0.7-0.8 0.6-0.9 0.6-0.8
N icotinic acid (mg) 8-10 8-11 7-9
Folic acid (/-̂ g) 50-100 100-200 —
V itam in  B12 C g ) 0.5-1.0 2-3 —
V itam in D  (I.U .) 200 400 400
V itam in E  (I.U .) — 10 —

Calcium: The recommended allowances for calcium by 
various Expert Groups are given in Tables 16.1-16.3 (Chapter 16). 
The recommendations of ICAIR Expert Group range from 
0.4-0.5g, while those of Food and Nutrition Board, USA (1968) 
range from 0.7-0.8g and that of U.K. Expert Panel is O.Sg. The 
ICMR Expert Group recommendations are adequate to meet the 
calcium needs of pre-school children.

Iron: Data regarding the allowances for iron recommended 
by various Expert Groups are given in Tables 16.1-16.3 (Chapter 
16). The recommendations of ICAIR Expert Group range 
from 15-20mg, while those of Food and Nutrition Board, USA 
range from 10-15mg and those of U.K. Expert Panel from 7-8mg.

Vitamin A : The recommended allowances of vitamin A 
by various Expert Groups are given in Tables 16.1-16.3 (Chapter 
16). The recommendations of ICAIR Expert Group vary from 
250-300/tg, as compared with 2000-2500 I.U. recommended by 
Food and Nutrition Board, USA and 300/tig recommended by 
U.K. Expert Panel.

Thiamine: The thiamine requirements recommended by 
ICAIR Expert Group range from 0.6-0.8mg, those of Food and 
Nutrition Board, USA from 0.6-0.8mg and those of U.K. Expert 
Panel from 0.5-0.6mg.



Riboflavin: The riboflavin requirements recommended by 
various Expert Committees are as follows: ICMR Expert Group, 
0.7-1.0mg, Food and Nutrition Board, U.S.A., 0.6-0.9mg and 
U.K. Expert Panel, 0.6-0.8mg.

Nicotinic acid: The recommended allowances for nicotinic 
acid by various Expert Groups are as follows: ICMR Expert 
Group, 8-10 mg, Food and Nutrition Board, U.S.A., 8-11 mg 
and U.K. Expert Panel, 7-9mg.

Ascorbic acid: Ascorbic acid allowances recommended by 
various Expert Groups are as follows: ICMR Expert Group, 
30-50mg; Food and Nutrition Board, U.S.A., 40mg and U.K. 
Expert Panel, 20mg.

Vitamin D: The recommended allowances for vitamin D by 
various Expert Committees are as follows: ICMR Expert Group, 
200 I.U. Food and Nutrition Board, U.S.A., 400 I.U. and U.K. 
Expert Panel, 400 I.U. Since children in the tropics derive 
some vitamin D from exposure to sunlight, the recommendations 
of ICMR Expert Group will be adequate for children in the 
tropics. .

Folic acid: The recommendations of various Expert Groups 
for ‘free’ folic acid requirements are as follows: ICMR Expert 
Group, 50-100/j.g; Food and Nutrition Board, U.S.A., 100-200/ig, 
and FAO/WHO Expert Group lOOftg.

Vitamin The recommendations of various Expert
Groups for vitamin B̂ j requirements are as follows: ICMR 
Expert Group 0.5-1.0/xg; Food and Nutrition Board, U.S.A., 
2-4/ig and FAO/WHO Expert Group 0.9-1.5/tg.

D eficiencies in the diets of pre-school children in develop­
ing countries
Surveys carried out by a large number of workers in de­

veloping countries have shown that the diets consumed by a 
large majority of pre-school children are deficient in calories, 
proteins, and several essential vitamins and minerals particularly 
vitamin A, riboflavin, folic acid and iron. Signs and symptoms 
due to deficiencies of the above nutrients are widely prevalent 
among them. Incidence of protein-calorie malnutrition and 
vitamin A deficiency diseases is particularly high among this age 
group (Jelliffe, 1968).



Balanced diets for pre-school children
Balanced diets atliigh, moderate and low costs for pre-school 

children are given in Tables 18.5-18.7.

Table 18.5 B a la n c e d  d ie ts  fo r  p re -s c h o o l c h i ld r e n  (H ig h  cost)

Foodstuffs
1-3 vears 

V ■ NV
(g) (g)

4-6
V
(g)

years
NV
(g)

Cereals 100 100 140 140

Pulses 30 20 40 30

G reen leafy vegetables 50 50 75 75

O ther vegetables, roots and tubers 30 30 30 30

Fruits 100 100 100 100

M ilk 1000 700 1000 700

Egg — 30 — 30

M eat and fish — 20 — 30

Fats and oils 20 20 25 25

Sugar and jaggery 30 30 40 40

Table 18.6 B a la n c e d  d ie ts  fo r p re -s c h o o l c h i ld r e n  (M o d e ra te  co st;

1-3 vears 4-6 years
Foodstuffs V N V V N V

(g) (g) (g) (g)

Cereals 120 120 170 170
Pulses 50 40 60 50

G reen leafy vegetables 50 50 75 75

O ther vegetables, roots and tubers 30 30 50 50

F ru its (tom ato or papaya or
guava) 100 100 100 100

M ilk 600 400 600 400

Fats and oils 20 20 25 25

M eat, fish and eggs — 40 — 50

Sugar and jaggery 30 30 40 40



T a b le  18.7 B a la n ced  d iets  fo r  p re -s ch o o l ch ild re n  (L ow  cost) 
(I.C .M .R . N u tritio n  E xpert G roup)

Foodstuffs
1-3

V
(t?)

vears
■ NV  

(k)

4-6 vears 
V ■

(g)
NV
(g)

Cereals 150 150 200 200
Pulses 50 40 60 50
G reen  leafy vegetables 
O th er vegetables, roots and

50 50 75 75

tubers 30 30 50 50
Fru its 50 50 50 50
M ilk 300 200 250 200
Fats and oils 20 20 25 25
M eat, fish and eggs — 30 — 30
Sugar and jaggery 30 30 40 40

V—Vegetarian NV— N on-V egetarian

Balanced diets at hiaJi costs: These diets contain large amounts 
of milk, fruits, eggs, meat and tish which arc costly (Tabic 18.5).

Balanced diets at moderate costs: These diets contain moderate 
amounts of milk, fruits, eggs, meat and fish (Table 18.6).

Balanced diets at low costs: These diets contain small amounts 
of milk and fair amounts of legumes and green leafy vegetables 
(Table 18.7). ,

Supplementary foods for pre-school children in develop­
ing countries

Since a large majority of pre-school children in developing 
countries consume inadequate diets and suffer from malnutrition, 
tliere is an urgent need to institute supplementary feeding pro­
grammes in the developing countries. Such supplements should 
be based on locally available foods such as legumes, oilseeds and 
nuts. Studies carried out by several workers have shown that a 
daily supplement of about 30 g of processed legumes or roasted 
groundnut or processed protein foods based on blends of cereals, 
oilseed meals and legumes will help to overcome malnutrition 
among pre-school children. Further details on the above aspects 
arc given in Chapters 21 and 22 in Vol. II.
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NUTRITION OF SCHOOL CHILDREN A N D _  
ADOLESCENTS

A large number of diet and nutrition surveys have been carried', 
out by different workers on the nutritional status of school children 
and adolescents 'in the developing countries. The results have 
shown that a majority of the school children and adolescents- 
consume inadequate diets and are malnourished. The main 
contributory causes are (1) Inadequate food production (2) Poverty 
and (3) Lack of nutrition education.

Growth rate o f normal school children and adolescents
Data regarding the growth rate of normal American school 

children are given in Table 19.1.

Increase in height: The yearly increase in height varies 
from 4.0 to 7.7 cm. in boys (5-l'l years old) and A .9 to 7.2 cm in 
girls (5-12 years old). The increase in height slowly declines 
after the Idth year in boys and 12th year in girls.

Increase in weight: The yearly increase in weight varies from 
2.5 to 6.6 kg. in boys between 5-lA years and from 2.3 to 5.2 kg 
in girls between 5-13 years. The yearly weight increase steadily 
declines after the age of lA in boys and 13 in girls.

Growth rate of school children in India: Data regarding the 
height and weight of children in India as compared with American, 
standards are given in Table 19.1. It is of interest to note that 
the mean weights of school children and adolescents in India 
are about 20-25 per cent less than those of American children for 
the corresponding age group. On the other hand, the mean heights 
of school children and adolescents in India are only 6-8 per cent 
less than those of American counterparts. The mean height 
and weight of Indian children belonging to the higher income 
groups are significantly greater than those reported for children 
of all income groups in India. This is evidently due to the more 
nutritious diets consumed by the high income groups.



T a b le  19.1 M ea n  w eigh t (kg) and height (c m .)  o f  In d ian  ch ild re n  (6-18 years) co m p a re d  w ith  A m e r ica n  ch ild ren 4̂oo

Age
(years)

A m erican  C h ild ren  
W eight (kg)^ H e igh t (cm)^ 

M ale Fem ale M ale Fem ale

Indian  C hild ren  
W eight (kg)^ H eigh t (cm)* 

M ale Fem ale M ale Fem ale

In d ian  C h ild ren  
W eight (kg)“ H eigh t (cm)* 

M ale Fem ale M ale Fem ale

6 21.91 21.09 117.5 115.9 22.1 21.4 H 8.9 117.3 16.3 16.0 108.5 107.4

7 24.54 23.68 124.1 122.3 24.5 24.8 123.3 122.7 18.0 17.6 113.9 112.8
8 27.26 26.35 130.0 128.0 26.4 26.1 127.9 126.8 19.7 19.4 119.3 118.2
9 29.94 28.94 135.5 132.9 30.0 29-7 133.6 132.3 21.5 21.3 123.7 122.9

10 32.61 31.89 140.3 138.6 32.4 33.5 138.5 138.5 23.5 23.6 128.4 128.4
11 35.20 35.74 144.2 144.7 35.3 36.5 143.4 144.1 25.9 26.4 133.4 133.6
12 38.28 39.74 149.6 151.9 38.8 42.6 148.9 150.3 28.5 29.8 138.3 139.2
13 42.18 44.95 155.0 157.1 42.9 44.4 154.9 153.0 32.1 33.3 144.6 143.9
14 48.81 49.17 162.7 159.6 48.3 46.7 161.7 155.1 35.7 36.8 150.1 147.5
15 54.43 51.48 167.8 161.1 52.2 48.2 165.3 155.3 39.6 36.8 155.5 149.6
16 58.83 53.07 171.6 162.2 55.4 49.8 168.4 155.4 43.2 41.1 159.5 151.0
17 61.78 54.02 173.7 162.5 59.0 49.9 158.9 156.4 45.7 42.4 161.4 151.5
18 63.03 54.39 174.5 162.5 — — — — 47.4 42.4 163.1 151.7

m
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* F igures fo r 50th percen tile  from  data  ob tained  in  studies of Child H ealth  and D evelopm ent, D epartm en t o f M aternal and 
C h ild  H ealth , H arvard  School o f Public H ealth .

“ D ata  fo r ch ild ren  belonging to high incom e group   ̂

“ D ata  for ch ild ren  belonging to  all incom e groups 5
N u lritio n  A tlas o f  Ind ia  2nd Ed. I .C .M .R ., 1971.



T a b le  19.2 B a la n ced  d iets  (g ) at h igh  cos t fo r  s c h o o l ch ild re n  a n d
a d o le sce n ts

Foodstuffs

C hild ren  
rs.

'N V  V

A dolescents
7-9  yrs. 10-12 yrs. n
\7 M\7 \T lJ -1 5  yrs 16-18 yrs. 13-18 vrs

V NV V N V  V NV

Cereals 
Pulses 
G reen  leafy 

vegetables 
O th e r vege­

tables 
(roots and 

tubers) 
F ru its  
M ilk
F a ts  and oils 
M eat, fish 

and  eggs 
Sugar and 

jaggery  
P eanu t 

(roasted)

200 200 260 260 370 370 390
40

75

SO

30

75

50

40 30 50 30

100 100 100 100

75 75 75 75

50

100

100

390 290
30 50

100

100

150

75

290
30

150

75

100 100 100 100 100 100 100 100
1000 700 1000 700 1000 700 1000

100
30

50

30

90

50

35

50

35

90

50

35

30

40

120

30

45

40

SO

100
700 1000 700

.50 35 40

120

40

50

30

120

30

V: V egetarian NV : N on-vegetarian

T a b le  19.3 B a la n ced  d iets  (g ) at m od era te  cost fo r  s c h o o l  ch ild re n  and
a d o le s ce n ts

C hild ren Adolescents
Foodstuffs 7-9

V
yrs
NV

10-
V

12 yrs
NV 13-

V

Boys
15 yrs 16- 

N V  V
18 yrs 

N V

G irls 
13-18 yrs. 
V N V

C ereals 220 220 290 290 400 400 420 420 320 320Pulses 
G reen  leafy

70 60 70 60 70 50 70 50 70 50

vegetables 
O ther vege-

75 75 100 100 100 100 100 100 150 150

tables 
(roots and 

tubers)

50 50 75 75 150 150 175 175 150 150

F ru its 100 100 100 100 100 100 100 100 100 100
M ilk 600 400 600 400 600 400 600 400 600 400
F ats and oils 
M eat, fish

30 30 30 30 30 30 40 40 30 30

and eggs 
Sugar and

— 60 — 60 — 80 — 80 — 80

jaggery 30 30 30 30 30 30 30 30 30 30
Peanut 50 50

V: V egetarian NV : N on-vegetarian



Table 19.4 B a la n c ed  d ie ts  (g) at lo w  c o st for c h ild r e n  and  
a d o le sc e n ts  (I.C.M .R. E xpert G roup, 1968)

Foodstuffs

C hildren Adolescents
Boys Girls

7-9 yrs 10-12 yrs 13-15 yrs 16-lSyrs 13-18 yrs
V X \ ' XV V NV V NV V N V

Cereals 250 250 320 320 430 430 450 450 350 350
Pulses 70 60 70 60 70 50 70 50 70 50
G reen leafy vegetables 75 75 100 100 100 100 100 100 150 150

O ther vegetables (roots and
tubers) 50 50 75 75 150 150 175 175 150 150

Fru its 50 50 50 30 30 30 30 30 30

M ilk 250 200 250 200 250 150 250 150 250 150
Fats and oils 30 30 35 35 35 40 45 50 35 40
M eat, fish and eggs — 30 — 30 - 30 — 30 — 30
Sugar and j aggery 50 50 50 50 30 30 40 40 30 30
Peanut (roasted) — — — — - — 50«■ 50* * —

V ; Vegetarian N V : N on-vegetarian
* an additional 30 g. fats and oils can be included in the d iet in the place of 

peanut.

SC H O O L L U N C H  A N D  IT S R O L E  IN  IM PR O V IN G  
T H E  H E A L T H  O F C H IL D R E N

School lunch is a measure for improving the health and nutri­
tion of children. During recent years a great majority of schools 
in all Western countries and Japan have been providing nutritious 
lunches for children. In India, only a beginning in this direction 
has been made recently. It is hoped that in due course all 
children in schools will receive nutritious lunches based on 
regional food materials.

School lunch patterns in different countries
Experience has shown that school lunch programmes can 

be undertaken effectively both in food surplus and in food deficit 
countries. In the latter case, they help to ensure that the best use 
is made of available foodstuffs. The composition of school 
lunches in U.S.A. is given in Table 19.5.



NUTRITION OF SCHOOL CHILDREN AND ADOLESCENTS 

Table 19.5 C om p osition  o f  sc h o o l lu n c h e s  in  U.S.A.

C onstituen t T ype  A* T ype B f T y p e  C l

M ilk (whole) i  p in t i  p in t I  p in t
F resh  or processed m eat,

poultry , cheese or fish 2 ounces 1 ounce
Beans, cooked i  cup i  cup

Egg One H alf
Vegetables and fru its (raw, cooked

or canned) 6 ounces 4 ounces
Bread 1 portion 1 portion . ..

B utter or m argarine 2 teaspoons 1 teaspoon . . .

•C om plete  lunch, ho t or cold, providing one-th ird  to  one-half of the  day’s 
nutritional requirem ent.

fA  partially com plete lunch, h o t or cold, w hich is less adequate nutritionally .
JO n e-h a lf p in t o f whole m ilk as a beverage.

A regional Nutrition Committee for South East Asia convened 
by FAO in 1943 at Philippines suggested a general pattern for 
school lunch suitable for the region (Table 19.6).

Table 19.6 P attern  o f sc h o o l lu n c h  (FAO)

Foodstuffs (O unccs/day/caput)

Cereals

Pulses

F ish  (rich in Ca) 

Leafy vegetables

Oil

Salt

2.25

0,25

0.25

1.00

0.25

0.16

A lunch,of the tvpe given in Table 19.6 provides about 400 
calories and about one-third the daily requirements of several 
nutrients.

The School Health Committee set up by the Government 
of India (1960) suggested a lunch, the composition of which is 
given in Table 19.7.



ESSENTIALS OF FOOD AND NUTRITION 

Table 19.7 P attern  o f  sc h o o l lu n ch  (India)

Foodstuffs g/day/child

Cereals and m illets 75

Pulses 30

Oils and fats 8

Leafy vegetables 30

N on-leafy vegetables 30

The Committee recommended that it is desirable to include 
a protein-rich supplement such as fish (15gms) or skim milk 
reconstituted (120gms) or Indian Multi-purpose food (15gm) 
in place of 15gm of pulses.

Processed protein foods as supplements to the diets of 
school children
In view of the shortage in the supply of milk and other pro­

tein rich foods of animal origin in the developing countries, 
successful attempts have been made by several workers on tlie 
development of processed protein foods based on locally available 
oilseed meals and legumes and fortified with essential vitamins 
and minerals and their use as supplements to the diets of school 
children. hWO and UNICEF have been helping various develop­
ing countries in the large scale production of supplementary 
foods (Swaminathan, 1964). Further details are given in Chapters 
21 and 22, in Vol. II.

R E F E R E N C E S
M artin , E. A., (1954), ‘R o bert’s N u tritio n  W ork w ith C hild ren’, U niversity  of 

Chicago Press, Chicago, pp . 142-170.
Scott, M . L . (1953), ‘School Feed ing’, Food Agr, Organ, U .N ., FA O  N u tr . 

Studies N o. 10, Rom e.

G opalan , C., lia lasubram anian, S. C., Ram asastri, B. V. and Visweswara 
Rao, K . (1972), D iet Atlas o f  Ind ia, I.C .M .R ., India.

G opalan, C. and Vijaya Raghavan, K ., (1969), N u tritio n  A tlas o f India, 
I.C .M .R ., India.

Sw am inathan, M ., ‘Role o f I'ood T echnology in  Solving Problem s of N u tritio n  
in In d ia ’ in ‘Proceedings o f the  S ix th  In ternational Congress o f N u tritio n ’ 
E dinburgh , D. & S. L ivingstone, L td ., (1964), pp. 149-64.



NUTRITION OF EXPECTANT AND NURSING MOTHERS

Maternal mortality records collected in different countries 
■over a period of several years have shown that for women of 
all races reproduction involves considerable physiological stress, 
as pregnancy, parturition and lactation make great nutritional 
demands on their bodies and are accompanied by additional 
health hazards. Reports on maternal and infant mortality rates 
indicate that these are very high in India and otlrer developing 
countries (Tables 20.1 and 20.2) where the mothers are poor and 
malnourished and live under insanitary conditions. There is no 
doubt that with improvements in the income, diet and sanitary 
conditions, the maternal and infant mortality rates will be 
reduced and the nutrition and health of the mothers and infants 
will improve in the developing countries.

Table 20.1 Infant and child m ortality in countries (A) where protein- 
calorie m alnutrition is unknown or extrem ely rare and (B) where 

it has been frequently encountered

C ountry In fan t m ortality  per 
1,000 live b irth s

C anada 23.6
Czechoslovakia 23.7
E ngland 19.6
France 21.7
Ja p a n 18.5
U .S.A . 23.4
B
U .A .R . (Egypt) 130.5
Chile 107.1
Costa Rica 75.1
M exico 60.7
Ceylon 57.5
C hina (Taiw an) 33.3
Ind ia 69.0
P hilipp ines 109.2



Table 20.2 M aternal mortality rates/100,000 live births in some 
selected  countries

U .S.A . ... 33.1
Denm  ark ... 15.6
Finland ... 42.3
N etherlands ... 33.1
Sweden ... 19.6
E ngland and W ales ... 25.9
N orthern  Ireland ... 17.5
Scotland ... 23.0
Australia ... 32.7
N ew  Zealand ... 32.2
India ... 253.0

PREGNANCY

Foetal development is accompanied bv extensive changes irr 
maternal body composition and metabolism. There is consider­
able increase in the nutritional needs of mother as pregnancy 
advances.

Physiological atljustments during pregnancy
The various physiological adjustments in pregnancy are 

briefly discussed below:
Energy metabolism: Basal metabolism increases during preg­

nancy. Hytten and Leitch (1964) concluded that the increased 
energy cost due to the development of the foetus and other 
physiological changes averages about ISO Kcal per day during the 
later half of pregnancy. There is some evidence indicating that 
the anabolic activity may be increased.

Alimentary function: There is some evidence of reduced 
gastric tone, motility and secretion. Nausea and constipation 
arc commonly obsen'ed. The efficiency of absorption of calcium, 
iron, vitamin and certain other nutrients is increased, hlore 
research is needed to establish definitely the increased efficiency 
of absorption of different nutrients during pregnancy particularly 
at lower levels of nutrient intake and with diets containing various 
supplementary foods.



Reval fimction: Tlie glomerular filtration rate is considerably 
increased in pregnancy as are the clearances of several substances 
such as creatinine, urea, uric acid etc. The rate of excretion of 
water is very high in mid-pregnancy and very low in advanced 
pregnancy. Mild glycosuria is common. Free amino acids are 
excreted in increased amounts in the urine. There is increased loss 
of iodine in urine while the excretion of calcium and certain 
B-vitamins in urine has been found to decrease.

Blood compositmi: The plasma volume increases on an 
average by about 50 per cent and the red cell mass by about 20 
per cent. The concentrations of haemoglobin and the packed 
cell volume usually fall despite the absolute increase in total hae­
moglobin. The total serum protein also falls but not all fractions 
change to the same extent. There is a decrease in the concen­
tration of vitamin A, ascorbic acid and increase in the concen­
tration of carotene, tocopherols, cholesterol and N-methyl 
nicotinamide.

Water balance: The total body water may increase by as 
much as seven litres and in late pregnancy the kidney may have 
some difficulty in disposing of the surplus water ingested. Ilytten 
and Leitch (1964) estimated the total body water in their patients 
(gaining 12.5 kg. in body weight) to be 7000 g. They could 
account for about 5800 g. on theoretical grounds and postulated 
that the difference of 1200 g. w'hich appeared only in the last 
10 weeks of pregnancy probably existed as extracellular fluid.

The nature of weight gain in pregnancy: The weight gain in 
pregnancy, its nature and significance should be considered in 
both well-fed and poorly fed populations. Most average weight 
gains in well-nourished pregnant women reported from U.S.A. 
and Europe range between 10 and 12 kg. A limited amount of 
data reported from India and West Africa indicate that the weight 
gains of poorly fed pregnant women from rural communities are 
between 5 and 7 kg. These values are very much lower than those 
reported for well-fed pregnant women in Western countries.

Average healthy well-fed Scottish women were estimated to 
gain 12.5 kg. during pregnancy as calculated by Hytten and Lcitch 
(1964). The weight gains of foetus, placenta, liquor amnii, uterus, 
mammary glands and increase in maternal blood volume, accounted 
for about 7300 g. out of a total gain of 12,500 g. About.



5200 g. of the weight gain could not be accounted. By deter­
mining the total body water at intervals, Hytten and Leitch 
(1964) concluded that 1 kg. of body weight not accounted for at 
term, may represent extracellular fluid. The rest (4 kg.) has 
been considered to consist of body fat. This could be true in 
well-fed communities, as serial skinfold measurements have 
indicated such an increase in body fat.

Factors affecting the course and outcom e of pregnancy
The clinical course of pregnanev and child birth depends on 

a number of factors such as genetic, dietary and environmental 
factors. The socio-economic factors influence profoundly the 
quality of diet consumed and exposure to infection and infestation 
as a result of living in insanitary surroundings. The standard of 
medical care available also influences the outcome of pregnancy.

Diet: Diet as a single factor has probably a profound influence 
on the health of the mother. Consumption of ill-balanced and 
inadequate diets leads to deterioration in the physical and mental 
strength, development of anaemia and general weakness.

Foetal and neonatal mortality: Stillbirth and neonatal death 
rates usually are high among pregnant women belonging to low 
socio-economic status. The rates are, in general, low in the 
advanced countries and high in the developing countries. There 
are a few exceptions. For example, the rates among poor class 
Chinese women in Hong Kong have been reported to be low. 
The low standard of living, consumption of poor quality diets 
and living in insanitary surroundings being constantly exposed 
to infection and infestation, appear to be the most important 
contributory causes for the high mortality rates in the developing 
countries.

Adult body size in relation to birth zueight of infants: It would 
be expected that tall women will have babies with greater body 
length and weight than those born to short women. This has 
been, in general, found to be true. The results reported by 
various workers indicate that (1) babies born to short women are 
about 8 per cent lighter than babies born to tall women; (2) 
babies born to underweight women are about eight per cent lighter 
•than babies born to over-weight women and (3) babies born to tall



and heavy women are about 1*1 per cent heavier than those born 
to short and light women. (Hytten and Leitch, 1964).

Birth weight and prematurity: Tliere is a large amount of 
literature on birth weight of infants born to mothers of different 
socio-economic status. Despite the large variation in the socio­
economic status of the mothers in the different countries, the 
results are remarkably constant. In most European and American 
countries, the mean birth weight is of the order of 3300 g. In 
many of the developing countries, the mean birth weights among 
the well-to-do sectors of the people range from 2850 to 3250 g. 
while among low income groups the mean weights range from 
2580 to 2880 g. There is definite evidence that low socio­
economic status of the mother is associated with low birth weight 
of infants.

Premature infants have low birth weights. The cause for 
low birth weight in premature children may be due to differences 
in the foetal growth and duration of gestation. Babies of low 
birth weights have relatively high mortality rates (de Silva 
£t a l, \9b2).

Pre-eclai7ipsia and eclampsia: The toxaemias of pregnancy 
are difficult to define with sufficient precision as the causative 
factors are not fully known. The United Kingdom Obstetric 
Medical Research Unit has adopted ffie working definition of pre­
eclampsia suggested by Nelson (1955) which is as follows: A 
rise in diastolic blood pressure to 90 mm. of mercury or higher 
after the 24 th week of pregnancy, without proteinuria (mild 
pre-eclampsia) or with definite proteinuria not attributable to 
infection (severe pre-eclampsia). Oedema is neglected in this 
definition. Thomson (1959) found that women who developed pre­
eclampsia consumed on the average, diets of higher calorie value 
and nutrient content than those who maintained normal health. 
It is possible that high intake of salt and low intake of proteins 
and certain B vitamins may influence the onset of the condition. 
There is evidence that lack of antenatal care is an important 
contributory cause for the development of pre-cclampsia and 
eclampsia.

Anaemia: The concentration of haemoglobin in the blood 
tends to be lower during pregnancy than in normal women, 
because the plasma volume increases by about 50 per cent on the



average and the volume of circulating red cells about 20 per 
cent. The resulting fall in haemoglobin concentration mav be 
about 2 g./lOO ml. of blood. The physiological change resembles 
tire manifestations of iron deficiency anaemia and the haemoglobin 
concentration can be increased bv giving iron salts in therapeutic 
quantities. The WHO stud}' group (1959) on ‘Iron deficiency 
anaemia’ has suggested that a haemoglobin concentration of less 
than 10 g./100 ml. is an indication of anaemic condition. The 
nrost important causes of iron deficiency anaemia are (i) increased 
blood loss due to systemic or intestinal parasitism (ii) increased 
iron requirements for foetal growth or impaired iron absorption 
or both (///) low iron intake and low physiological availability 
of dietary iron and (w) too frequent pregnancies with consequent 
inability of the body to make up the blood losses in short periods. 
In addition to iron deficiency anaemia, megaloblastic anaemias 
due to deficiency of folic acid and less often due to deficiency 
of vitamin also occur in a fair proportion of pregnant women 
in the developing countries (WHO 1959).

Vojniting in pregnancy: In the earlv pregnancy, most women 
suffer from nausea and vomiting. Tne resulting metabolic 
changes may be mild, moderate or severe. The pregnant woman 
must be under the care of the physician who will give appropriate 
treatment. It is obvious that undernutrition and malnutrition 
will result due to lack of food intake. Consequently, greater 
amounts of nutrients will have to be given after the stoppage of 
vomiting in order to make up for the dietary deficiency in the early 
months of pregnancy caused by vomiting.

Nutritional requirem ents during pregnancy
The requirements of various nutrients during pregnancy are 

briefly discussed below:
Calories: Hytten and Leitch (1964) have estimated the average 

net changes in the amount of protein and fat deposited during 
pregnancy. The total calorie cost of supplying and maintaining 
the neve tissues approximates to 80,000 Real per pregnancy of 
which more than 4O,000Kcal is accounted for by fat storage. It 
is important to note that these calculations are referred to a weight 
gain of 12.5kg. It has already been mentioned that women in 
developing countries may have body weight gains of only 6 kg.



It is probable that women under these conditions would deposit 
much less fat. In the above case, the calorie requirements per 
pregnancy will be reduced by 40,000 Kcal. Further allowance 
has to be made for the spontaneous decrease in physical activity 
that occurs particularly during the third trimester. The second 
FAO Committee (1957) on ‘Calorie Requirements’ therefore, 
was of the opinion that the additional calorie requirements per 
pregnancy will be 40,000 Kcal. The NRC, USA (1968) recom­
mended an extra allowance of 200 Kcal per day while the ICMR 
Nutrition Expert Group (1968) recommended an extra allowance 
of 300 Kcal per day.

Proteins: The joint FAO/WHO Expert Group (1965) on 
‘Protein Requirements’ accepted evidence that about 910 g. of 
protein is deposited in the body during pregnancy in the foetus 
and maternal tissues. The average daily increment is computed 
to be about 5 g. (as tissue protein) during the last six months of 
pregnancy. This will work out to 10 g. additional protein in 
terms of dietary protein of N.P.U. 50. The N.R.C. of U.S.A. 
and the I.C.IVI.R. Nutrition Expert Group recommended an extra 
allowance of 10 g. per day.

Calcium: The joint FAO/WHO Expert Group (1962) on 
‘Calcium Requirements’ accepted evidence that about 30 g. of 
calcium is deposited in the foetus during pregnancy. The same 
group recommended an extra daily allowance of 500 mg to 600 mg. 
calcium to meet the needs of the third trimester of pregnancy. 
The NRC of U.S. A. recommended an extra allowance of 400 mg. 
per day, while the I.C.M.R. Nutrition Expert Group recom­
mended an extra allowance of 500 to 600 mg. per day.

Iron: At term, the foetus contains about 300 mg and the 
placenta about 70 mg of iron. Early in pregnancy, the maternal 
red blood cell mass begins to increase. At term, this increase 
may represent, on the average, an increment of 290 mg. of iron. 
Due to cessation of menstruation, iron loss is minimised to the 
extent of 120 mg for the period of pregnancy. The additional 
iron requirements will be 54 0 mg when all the above factors are 
taken into account. A large part of the iron must be made available 
in the second half of pregnancy and would amount to 2-3 mg 
of iron per day. Sihee the iron from diets is utilized only to an 
extent of about 20 per cent, the extra iron requirements in terms



of dietary iron will be about 10 to 15 mg. per day. The I.C.M.R. 
Nutrition Expert Group recommended an extra allowance of 
10 mg/day.
~'~'17itamin A : The liver of the infant at birth will contain about 
5,400 to 7,200 /ig. of retinol. In order to deposit this amount, 
about 25 /ig. of retinol per day will be drawn from the maternal 
stores during pregnancy. This figure will be increased by the 
quite unknown but probably limited additional amounts resulting 
from any inefhciency in transfer across the placenta. Assuming 
that the habitual diet of the woman provides 750 /̂ g. of retinol 
per day, the FAO/WHO Expert Group (1967) on ‘Vitamin 
Requirements’ assumed that increase in the total daily require­
ments associated with pregnancy can be met without increasing 
the recommended intake for the adult. The N.R.C. of U.S.A., 
however, recommended an extra allowance of 330 /tg. vitamin A 
during pregnancy, while the I.C.M.R. Nutrition Expert Group 
has not recommended any additional allowance.

Thiamine: The FAO/WHO Expert Group on ‘Vitamin 
Requirements’ did not recommend any extra allowance for thia­
mine during pregnancy. In view of the fact that small amounts 
of thiamine are stored in the tissue of new born infants, it is 
desirable to give an extra allowance of thiamine. The NRC of 
U.S.A. has recommended an extra allowance of 0.1 mg. while the 
I.C.M.R. Nutrition Expert Group has recommended an allowance 
of 0.2 mg/day to meet the additional needs of pregnancy.

Ribojlaiin: The FAO/WHO Expert Group on ‘Vitamin Re­
quirements’ did not recommend any extra allowance for riboflavin 
during pregnancy. In view of the fact that small amounts of 
riboflavin are found in the tissues of new born infants, it is desir­
able to provide an extra allowance of riboflavin during pregnancy. 
The N.R.C. of U.S.A. recommended an extra allowance of 0.3 mg. 
riboflavin, while the I.C.M.R. Nutrition Expert Group recom­
mended an extra allowance of 0.2 mg/day.

Nicotinic acid: Since nicotinic acid and co-enzymes I and II 
containing icotinamide are found in the tissues of new born 
infants, it is desirable to give an extra allowance to meet the needs 
of pregnancy. The FAO/WHO Committee on ‘Vitamin Re­
quirements’ did not recommend any additional allowance for 
nicotinic acid in pregnancy. The NRC of U.S.A. recommended



an extra allowance of 2 mg. nicotinic acid/day and the I.C.M.R.. 
Nutrition Expert Group also recommended 2 mg/day.

Folic acid: The NRC of U.S.A. recommended an extra 
allowance of 400 /̂ g. as total folic acid determined bv L-casei 
while the I.C.M.R. Nutrition Expert Group recommended an 
extra allowance of 50 to 200 yug. of free folic acid determined by 
L-casei. ~~---- -------

Vitamin : The NRC of U.S.A. has recommended an 
extra allowance of 0.5 mg. over and above 2.0 mg. vitamin 
required for normal women.

Vitamin The NRC of U.S.A. has suggested an additional
requirement of 3 /̂ g. over the normal requirement of 5 y«g. for 
an average woman to meet the needs of pregnancy. The re­
commendations of the I.C.AI.R. Nutrition Expert Group are 
very much less than the above recommendations—normal women
1.0 /“•g. and pregnant women 1.5 ftg.

Ascorbic acid: The NRC of U.S.A. has suggested an 
additional allowance of 5 mg. over the requirements of 55 mg. 
for a normal woman. The I.C.AI.R. Nutrition Expert Group is 
of the opinion that the allowance of 50 mg. for a normal woman 
would meet the additional requirements of pregnancy. The 
nutritional requirements for expectant and nursing mothers 
suggested by various Expert Groups are given in Table 20.3.

Effect o f malnutrition and socio-econom ic factors on the 
nutritional status o f pregnant w om en
A large majority of pregnant women in India and other develop­

ing countries consume inadequate and ill-balanced diets. The 
adverse effects of consuming such diets on the nutritional status 
of the women and of the new born are briefly discussed below:

Diet and nutrition surveys: Diet and nutrition surveys carried 
out in India have shown that the diets of pregnant women of low 
income groups are deficient in almost all dietary essentials. The 
calorie intake ranged from 1200 to 1800 Real and the protein 
intake from 30 to 40 g/day. The diets were deficient in proteins, 
essential minerals and vitamins. Iron deficiency anaemia was 
widely prevalent. Manifestations of signs and symptoms due to 
deficiencies of vitamin A and B vitamins were common.
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Gain in body weight and body composition in pregnancy: The 
mean gain in body weight during pregnancy in iinder-nourished 
women ranged from 6.0 to 6.5 kg in India and other developing 
countries. This is very much less than that (12.5 kg) reported 
for pregnant women in Western countries.

Biochemical assessment of the nutritional status of pregnant 
women: Most of the constituents in the blood showed decrease 
in concentration between the first and third trimesters and serum 
albumin levels were reduced. The levels of vitamin A, vitamin 
C and folic acid were reduced. Anaemias due to iron and folic 
acid deficiencies were widely prevalent.

Nitrogen balance studies: Nitrogen balance studies were carried 
out at four levels of protein intake—60, 84, 106 and 118 g/day. 
On the lowest level, 50 per cent of the women were in negative 
balance. There was a general trend towards an increase in the 
amount of nitrogen retained with increase in protein intake. 
The study showed that the optimal protein intake for maximum 
nitrogen retention was between 84 and 106 g daily.

Iron and calcium absorption: The efficiency of iron absorp­
tion improved with progress of pregnancy. Calcium retention 
also increased, the retention during the third trimester being much 
higher than that observed in the first and second trimesters.

Nutritionl deficiency syndromes: Anaemias due to deficiency 
of iron and less commonly due to the deficiencies of folic acid 
and vitamin are prevalent among pregnant women in the 
developing countries. Manifestations of vitamin B complex 
and vitamin A deficiencies were failv common.

Diets of pregnant w om en in different countries
The results of surveys show that the diets consumed by 

pregnant women in Europe and America meet the nutritional 
requirements recommended by the N.R.C. of U.S.A., while the 
diets consumed by pregnant women in the developing countries are 
deficient in calories, proteins, some minerals and vitamins. The 
results are briefly discussed below:

Calories: The mean daily calorie intakes of pregnant women 
in the developed countries range from 2400 to 2700 Real as 
compared with values of 1500 to 2000 Real in the developing



countries which are very much less than the requirements of 
2300 to 2800 Real.

Proteins: Tlie mean daily protein intakes of pregnant women 
in developed countries range from 70 to 85 g while in the develop­
ing countries, the protein intakes range from 31 to 45 g among 
the low income groups. The protein intakes in the developing 
countries are very much less than the recommended allowances of 
65 to 75 g.

Calcium: The mean daily intakes of calcium by pregnant 
women in the developed countries range from 800 to 1200 mg, 
while in the developing countries the calcium intakes are low 
ranging from 300 to 400 mg as compared with requirements of 
1000 to 1200 mg.

Iron: The mean intakes in pregnant women in the developing 
countries range from 8 to 18 mg. Further, the availability of iron 
from the diet is poor as the diet contains large amounts of phytic 
acid which interfere in the absorption of iron. This may account 
for the high incidence of iron deficiency anaemia in pregnant 
women in the developing countries.

Vitamin A: The intakes of vitamin A by pregnant women 
in the developed countries range from 6000-8000 I.U. while 
the corresponding values for women in developing countries are 
900 to 2000 I.U. It is obvious that the mean intakes of vitamin A 
are much below the requirements.

B-Vitamins: The mean daily intakes of B-vitamins by preg­
nant women are very much less than the recommended allowances. 
The diets have been found to be deficient in riboflavin, folic acid 
and vitamin B,„.

Balanced diets for pregnant wom en
Balanced diets for pregnant women at high, moderate and 

low costs arc given in Tables, 20.4, 20.5 and 20.6.
Balanced diets at high costs: These diets contain large amounts 

of protein rich and protective foods such as milk, eggs, meat and 
fish which are costly.

Balanced diets at moderate costs: These diets contain moderate 
amounts of milk and other animal foods.



Tabic 20.4 B a la a ce d  d ie ts  (g) for n o rm a l, p regn an t an d  la c ta tin g  
w o m e n  (H igh  cost)

Foodstutfs

(N orm al women)
Sedentary M oderate Heavy 

work work work

V N \ ' V N \ ' V NV 
(g) (g) (g) (g) (g) (gi

Additional allowances 
during

Pregnancy Lactation 

V N V  V  NV 
(g) (g) (g) (g)

Cereals 230 220 280 270 410 400 ____ ____ 70 70
Pulses 60 50 60 50 60 50 — — — —
G reen leafy vegeta-

bles 100 100 100 100 100 100 — — — —
O ther vegetables 75 75 75 75 100 100 — — — —
Roots and tubers 50 50 75 75 100 100 — — — —
Fruits 100 100 100 100 100 100 50 50 50 50
M ilk 600 400 600 400 600 400 ' 500 200 700 300
Cheese 40 — 40 — 40 — 20 — 20 —
Fats and oils 30 35 35 40 40 45 — — 20 20
Sugar and jaggery 30 30 30 30 40 40 — — 20 20
M eat and fish — 100 — 100 — 100 — 25 — 40
Eggs — 60 — 60 — 60 — — — —
G roundnu ts — — — — 40 40 — — — —

Table 20.5 B a la n ced  d ie ts  (g) for n o rm a l, pregnant a n d  la c ta tin g  
w o m e n  (M oderate  cost)

Foodstuffs

(N orm al wom en)
Sedentary M oderate Heaey 

work work work

Additional allowances 
durino

Pregnancy Lactation
V

(g)
NV
(g)

V
(g)

NV'
(g)

\ ’
(g)

NV
(g)

V
(g)

NV
(g)

V
(g)

NA'
(g)

Cereals 260 250 310 300 440 425 110 100
Pulses 
G reen leafy

60 50 60 50 60 50 20 — 40

vegetables 100 100 100 100 100 100 — — — —

O ther vegetables 75 75 75 75 100 100 — — — —

Roots and tubers 50 50 75 75 100 100 — — — —

Fruits 60 60 60 60 60 60 50 50 50 50
M ilk 400 250 400 250 400 250 400 200 600 300
Fats and oils 30 35 35 40 40 45 — — 20 20
Sugar and jaggery 30 30 30 30 40 40 — — 20 20
M eat and fish — 60 — 60 — 60 — 25 — 40

— 30 — 30 — 30 — — — _
G roundnu t — — — — 40 40 — — — —



Table 20.6 B a la n c ed  d ie ts  for n o rm a l, p regnant a n d  la c ta tin g  w o m e n  
(L ow  cost) I.C.M .R. Expert G roup 1968

FoodstuflFs

(N orm al wom en) 
S edentary  M oderate

work work
Heavy-
work

A dditional
allowances
during

>■ ^ o C c o

V NV V NV V NV cu
(g) (g) (g) (g) (g) (g) (g) (g)

Cereals 300 300 350 350 475 475 50 100

Pulses 60 45 70 55 70 55 — 10

G reen leafy vegetables 125 125 125 125 125 125 25 25

O ther vegetables 75 75 75 75 100 100 - —
R oots and tubers 50 50 75 75 100 100 — —
Fruits 30 30 30 30 30 30 — —
M ilk 200 100 200 100 200 100 125 125

Fats and oils 30 35 35 40 40 45 — 15
Sugar and jaggery 30 30 30 30 40 40 10 20

M eat and fish — 30 — 30 — 30 — —
Eggs — 30 — 30 — 30 — —
G roundnu ts — — — — 40* 40* — —

*An additional 25 g. o f fats and oils can be included in the diet in place o f 
g roundnuts.

Balanced diets at low costs: These diets contain minimal 
amounts of milk and other animal foods which are costly. The 
diets, however, include fair amounts of legumes and green leafy 
vegetables.

LACTATION

Though lactation is a normal physiological process, it makes 
considerable nutritional demands on the mother. The physiolo­
gical developments for lactation begin during later part of preg­
nancy. Apart from the growth and development of mammary 
glands energy reserves are laid down in the form of fat in the 
body of the mother and this may become available in part to 
provide the extra energy required during lactation.

Ctc



Lactation in relation to the growth and health of infants
Mother’s milk in sufficient quantity is probably the best 

food for infants in the first months of life. Its chemical com­
position seems to be the most appropriate for the needs of the 
infant. Breast feeding brings about a close relationship between 
mother and infant and promotes the optimal physical and mental 
development of the infant; furthermore, by reducing the hazard 
to infection associated with artificial feeding, it helps to protect 
the infant’s health.

Indicators of the. adequacy of lactation: The simplest indicator 
of the adequacy of breast feeding is die normal rate of increase 
in body weight of the infant. Comparison of growth curves from 
different countries and communities is useful, particularly when 
based on longitudinal data. It is difficult to define the ideal 
growth curve. Flowever, for practical purposes a gain in weight 
of 800±20 g. per month during the first six months of life or the 
doubling the birth weight by about the beginning of fifth month 
may be regarded as optimal.

j\lilk yield: Many factors mav influence the volume of milk 
produced. These include age, parity, state of health, nutrition 
of mother and the duration of lactation period. The average 
daily milk yield in successful lactation in Western women is about 
500 ml. in the first month. This rises to about one litre in the 
fifth month and steadily declines later. Two techniques exist 
for measuring the milk yield by the mother (1) to weigh the child 
before and after each feed : nd (2) to empty the breast by hand or 
mcchanicall}'. Both the methods have been used in assessing 
milk yields by mothers.

Effect of mother’s diet on the composition and output of milk: 
The mother’s diet and state of nutrition are likely to affect 
the composition and output of milk. The feeding studies on 
lactating mothers carried out by Deem (1931) are of considerable 
interest as they were carried out under controlled conditions. 
Deem studied five healthy lactating women living in a home for 
unmarried mothers who were given for a week at a time each of the 
seven diets in succession. The results given in Table 20.7 indicate 
that (1) high fat diet increased slightly the fat content and output 
of milk and (2) a high protein diet increased slightly the milk 
output.



Table 20.7 E ffect o f  d ie t  o n  m ilk  y ie ld  a n d  c o m p o sitio n

M ilk A B A
D iet

C D E F

Y ield (ml) ... 927 1037 1002 1091 1064 1075 1017
P ro te in  (g/lOO ml) ... 1.16 1.26 1.08 1.19 1.11 1.09 1.08
F a t(g /1 0 0 m l) ... 3.8 3.4 3.5 3.7 3.6 4.3 4.2
Lactose (g/100 ml) ... 7.67 7.41 7.53 7.40 7.41 7.28 7.36

D iet
Calories Proteins 

(Real)
(g)

Fat

(g)

C arbohy­
drates

(g)

A . Institu tion .. 3132 87 96 458
B. H igh protein .. 3203 147 88 388
C. H igh p ro te in + vitam in B

(3 g M arm ite) .. 2899 144 85 370
D. H igh  sugar .. 3905 90 98 641
E. H igh fat .. 4315 88 251 399
F. Low  protein .. 2826 61 123 350

Coviposiiion of human milk: It is generally recognised that 
the chemical composition of human milk will be influenced to 
some extent by the following factors (/) composition of mother’s 
diet and (//) period of lactation. There is less information on the 
composition of mature milk during substantially prolonged 
lactation. Values given in Table 20.8 (WHO, 1965) indicate the 
wide variations in the literature values for iron and ascorbic acid. 
The Table also gives the nutrients present in 850 ml. of human 
milk which has been accepted by the WHO Committee as a rea­
listic basis for estimating the physiological cost of milk production.

Nutritional requirem ents of nursing mothers
The WddO Expert Committee assumed the optimal daily 

milk output of mother’s milk to be 850 ml. This would provide 
600 Real., 10.2 g. protein, 290 mg. calcium, 0.25 to 3.1 mg. iron, 
420/\g. vitamin A, 22 to 44 mg. ascorbic acid, 1.6 mg. niacin, 
0.52'mg. riboflavin, 0.12 mg. thiamine, 9.0 fig. folic acid, and0.2f-g. 
vitamin The efficiency of conversion of food energy into milk 
solids is believed to be about 80 per cent while that of protein 
about 50 per cent and that of calcium about 30 per cent. The 
efficiency of absorption and secretion of dietary vitamins in milk



ESSENTIALS OF FOOD AND NUTRITION 

Table 20.8 N u tr ie n ts  in  m a tu re  h u m a n  m ilk

N utrien ts Conc./lOO ml. C o n ten t in 850 nil.^

Protein  (g) 1.2 10.2
Calcium (mg) 34 290
Iron^ (mg) 0.03 0.25

0.36 3.1
Vitam in A (/‘g) 49 420
Ascorbic acid“ (mg) 2.6 22

3.7 32
5.2 44

N iacin (mg) 0.18 1.6
Riboflavin (/^g) 37.3 320
T hiam ine (Mg) 14 120

 ̂Assum ed average daily volum e for whole of lactation.
 ̂T h e  difference betw een these two averages is probably a result of th e  

m ethods used, and the com m on practice of quoting  the averages of the t%vo is- 
no t justifiable.

® T h e  first figure cited relates to poor Ind ian  wom en, the th ird  to wom en 
living in U .S.A .

is not known. It is therefore evident that the lactating mother- 
will need extra amounts of all the nutrients at levels somewhat 
greater than those present in milk depending on the efficiency 
of the incorporation in milk of the nutrients present in the diet. 
The I.C.IM.R. Nutrition Expert Committee assumed the average 
amount of milk secreted by lactating women in India and other 
developing countries to be 600 ml. According to this estimate, the 
nutritional needs of lactation will be less than those of the WHO 
Expert Committee. The nutritional requirements of nursing 
mothers suggested by various Expert Committees are given in 
Table 20.3 and are briefly discussed below:

Calories: The EAO Committee on ‘Calorie requirements’ 
used an efficiency coefficient of 60 per cent for the conversion of 
diet calories into milk calories. Hytten and Thompson (1961) 
proposed a higher coefficient of 80 per cent. According to the 
above estimates the dietary calorie requirements for the production 
of S.̂ 'O ml. of milk will be 1000 Real, and 750 Real, respectively.

Proteins: The quantity of proteins present in 850 ml. of human, 
milk is about 10.2 g. Since human milk proteins possess NPU of



about 87 and that of dietary proteins consumed in Western coun- 
ries is about 60 and in die developing countries about 50, the 
additional dietary protein requirements will be about 15 g. for 
Western diets and 18 g. for diets consumed in developing countries- 
The FAO/WHO Committee recommended an additional allow- 
anceof 15 g. while the NRC of USA and I.C.M.R. Nutrition Expert 
Group recommended 20 g. additional protein during lactation.

Calcium: The quantity of calcium present in 850 ml of milk 
w'ill be 290 mg. On the assumption that the retention of dietary 
calcium in lactating W'omen to be about 30 per cent, the extra 
dietary calcium wall be 0.970 g. daily. Duckworth and Warnock 
(1942) concluded from a review' of calcium balance data that the 
calcium requirements of lactating W'omen lie betw'een 1.5 and 2.0 g 
daily. The FAO/WHO Expert Committee recommended an 
additional allowance of 0.5 to 0.6 g., the N.R.C. of U.S.A.,
0. 5 g. and I.C.M.R. Nutrition Expert Group, 0.6 g.

Iron: The iron content of human milk reported in the litera­
ture varies from 0.03 to 0.36 mg/100 ml. Eight hundred and fifty 
ml of milk will contain about 0.25 mg to 3.1 mg of iron according 
to available data. Assuming that the retention of dietary iron 
in lactating w'omcn to be about 30 per cent, the extra dietary iron- 
requirements will be about 10 mg. This is in accordance with the 
recommendations of the I.C.M.R. Nutrition Expert Group.

Vitajtiin A  and Carotene: The WFIO Expert Committee on 
‘Nutrition in Pregnancy and I.actation’ assessed the vitamin A 
content of 850 ml. of human milk to be 420 ng- and suggested 
that an additional allow'ance of 450 Mg vitamin A to meet the above 
needs. Since a greater part of vitamin A activity in diets 
consumed in India and other developing countries is contributed 
by /1-carotene, the extra needs of /1-carotene for lactation for 
providing 450 Mg- vitamin A wall be 1600 Mg- as suggested by the
1. C.AI.R. Nutrition Expert Group.

Thiamine: According to the FAO/WFIO Expert Group on 
“Vitamin Requirements” 0.4 mg. of thiamine will be required per 
1000 Real. Since the extra calories required during lactation 
is about 1000 Kcal/day the thiamine needs will be met by an extra 
quantity of 0.4 mg/day. This is in agreement w'ith the recommend­
ations of the I.C.M.R. Nutrition Expert Group.



Riboflavin: The riboflavin content of 850 ml of human 
milk has been estimated to be 0.32 mg. According to the FAO/ 
WHO Expert Group on “Vitamin Rec[uirements” the riboflavin 
requirements per 1000 Kcal. will be 0.55 mg. Since the extra 
calori eneeds of lactation are 1000 Kcal, riboflavin needs will be 
met by an additional 0.55 mg. The l.C.M.R. Nutrition Expert 
Group recommended 0.4 mg.

Niacin: According to the FAO WHO Expert Group on 
‘Vitamin Requirements,’ the requirements of niacin will be 6.6 mg/ 
1000 Kcal. The l.C.M.R. Nutrition Expert Group recommend­
ed 5.0 mg. additional niacin to meet the needs during lactation.

Ascorbic acid: The ascorbic acid content of 850 ml of human 
milk will range from 22 to 44 mg. The I.C.Al.R. Nutrition Expert 
Group recommended an additional allowance of 30 mg. of ascor­
bic acid.

Folic acid: Folic acid deficienev is common among expectant 
and nursing mothers in developing countries. According to the 
l.C.M.R. Nutrition Expert Group the needs of lactation will be 
met by an additional 50 /tg. of free folic acid.

Vitamin According to the l.C.M.R. Nutrition Expert
Group the additional vitamin requirements during lactation 
will be 0.5 /̂ g. while the N.R.C., U.S.A. has recommended 1.0 tJ-g.

The effect o f malnutrition on the nutritional status of 
nursing mothers

Studies on the dietary and nutritional status of poor nursing 
mothers and on the chemical composition and the output of milk 
have been carried out in India. The results are briefly discussed 
below:

Breast-feeding and 'weaningpractices: Breast-feeding is usually 
started with in 2 or 3 days after delivery and is continued 
into the second year in some countries. In a survey covering 
different parts of South India, it was found that among poor com­
munities, 92 per cent of the infants were breast-fed at the age 
of six months and one child in every five was at the breast 
bevond two years of age. In a recent suiwey of 3100 pre-school 
children in the rural community of Andhra Pradesh, more than 
50 per cent of the infants were breast-fed even at the age of 14 
years. Supplementary feeding was started around six months.



Diets of nursing mothers in developing countries: The diets 
consumed by nursing mothers in India have been found to be 
inadequate both in quantity and quality and deficient in calories, 
proteins, scA'eral vitamins and minerals. The mean body weight 
of nursing mothers of the low socio-economic group was found 
to be about 'lO to ^2 kg. Serial body weight changes recorded in 
14 mothers throughout the period of lactation showed that while 
some of the mothers did not show any change, many lost weight 
to the extent of 2 to 7 kg. in a period of one year of lactation. 
Anaemia was fairly common. The levels of vitamin A, carotene 
and ascorbic acid in blood were low.

Output of milk: The output of milk was assessed by test 
feeding technique. The studies revealed that the output of 
milk ranged from about 600 ml daily during the first six months 
to 500 ml. in the first year and about 350 ml during the second 
year (Table 20.9). When the calorie and protein intakes of the 
mothers were increased to 2900 Kcal and 100 g. respectively, an 
appreciable increase in the output of milk was observed.

Table 20.9 O u tp u t o f  b r e a s t  m ilk  a t  d i f f e re n t  s ta g e s  o f  l a c ta t io n

W eeks of L ac ta tio n 0-2 3-4 5-6 7-8 9-10 11-12 12-15 16-18 19-24 25-36 37-48

N u m b er exam ined 20 IS 14 14 17 30 11 29 14 12 4
M ean  o u tp u t of

breast m ilk (ml) 530 640 730 660 600 525 515 440 400 425 345

Som esw ara Rao et al (1959J, W .H .O . B ulletin  20, 603.

Nitrogen and calcium metabolism: Nitrogen balance studies 
were carried out with nursing mothers at three levels of protein 
intake, 61 g., 99 g. and 114 g. and at the same level of caloric intake. 
The women were in positive nitrogen balance on 60 g. protein 
intake and nitrogen retention was optimal at 99 g. protein intake. 
Calcium balance studies were carried out on nursing mothers at 
calcium intakes of 420 to 480 mg. daily. All the mothers were 
in negative calcium balance.

Chemical composition of milk: The mean concentrations of 
total solids, calcium, phosphorus, proteins, vitamin A, riboflavin 
and vitamin C were significantly higher in early milk samples 
(within one month after delivery) than those observed in the later



stages of lactation (after one year). The levels of thiamine and 
folic acid were lower in early samples than in later samples. 
Supplementation of the mother’s diet with large doses of vitamin 
A, ascorbic acid, thiamine and riboflavin brought about appre­
ciable increases in the concentration of the respective vitamin 
in human milk.

Im provem ent of maternal nutrition in developing countries
Effect of food supplemeiil s on the nut r it ion a] status of malnourished 

expectant mothers and the new born: The diets consumed by a large 
majority of the population in the developing countries are lacking 
in protein-rich and protective foods. The most adversely affected 
are the vulnerable groups i.e., pregnant and lactating women 
and weaned infants and pre-school children. Public health 
nutritional measures should, therefore, be directed towards im­
provement of the diet of the family as a whole. The following 
studies carried out in India on the effect of maternal nutrition on 
the condition of the new born, are of considerable interest. A 
number of pregnant women belonging to the low income groups 
of the population were admitted to the hospital during the last 
trimester and received a good hospital diet for a period of 4 to 6 
weeks. The diets supplied 2400 to 2500 Kcal. and 60 to 90 g, 
protein including a fair proportion of animal proteins. The 
average birth weight of infants born to these women was signi­
ficantly higher than that of infants born to women of the same 
socio-economic group not receiving additional food. The 
general health and nutritional status of the women also improved 
as a result of additional food. The above studies have clearly 
shown the importance of adequate nutrition in improving the 
health and nutritional status of the pregnant mothers and the 
new born babies.

Methods for improving the health and nutritional status o f  
expectant and ni .,ing mothers in developing countries
Since milk and other animal foods are in short supplies in the 

developing countries, there is urgent need for the large scale 
production of processed protein foods based on oilseed meals and 
legumes and fortified with calcium and iron salts, vitamin A, ribo­
flavin, folic acid and vitamin B.„. Studies carried out in India



and other countries have shown the possibilities of using such 
foods for overcoming malnutrition among mothers and pre-school 
children. Steps should, therefore, be taken urgently for the large 
scale production and distribution of processed protein foods as 
stressed in a recent report of the United Nations (1968). Well 
balanced diets at varying costs for nursing mothers are given in 
Tables 20.4-20.6. The composition of typical ill-balanced diets 
consumed by poor pregnant and nursing women in India are 
given in Table 20.10. The deficiencies in the diets could be made

Table 20.10 D ie ts  o f poor p regn an t a n d  n u rs in g  w o m e n  in  In d ia  an d  
th e ir  im p r o v e m e n t  (g/day)

Pregnant wom en N ursing  wom en

H a b itu a l d ie t
Cereals 276 333
Pulses 21 15
Leafy vegetables 8 9
O ther vegetables 12 23
Roots and tubers 8 3
p'ruits 26 4
M ilk and m ilk products 41 23
Fats and oils 20 12
Flesh foods 22 20
Sugar and jaggery 14 IS
S u p p le m e n ts
Ragi 100 100
O th e r cereals 100 200
Ind ian  M ulti pu rp o se  food 25 50
Leafy vegetables 100 100
Vegetable oils and fats — 50

N u tr i t iv e  V a lu e  Calories Proteins Iron Calcium Vit. A Riboflavin
(Kcal) (g) (mg) (g) (I.U .) (mg)

Pregnant women
Flabitual d iet 1420 37 18 0.2 1210 0.41
Flabitual d iet-psupplem ents 2500 69 40 1.0 6250 1.52
N^ursing women
H abitual diet 1425 39 1' 0.2 1220 0.42
Flabitual d ie t-fsu p p lem en ts 2900 71 41 1.0 6310 1.64

'D ie t Atlas o f India, N ational In stitu te  of N u tritio n , pp . 53-54.

up by supplementing with extra cereals, Indian multipurpose 
food and green leafy vegetables as indicated in the same Table.



Large scale production and distribution of supplementary 
foods

The Governments of developing countries should take 
immediate steps to set up units for the large scale production of 
processed protein foods such as Indian multipurpose food. A 
dail}' supplement of 60g of the Indian multipurpose food would 
provide about 20 g. protein, O.-l g. calcium, 1500 I.U. vitamin 
A and 1.5 mg. riboflavin and will make up the deficiencies in tlie 
diets of mothers and children. The protein foods should be 
distributed through (1) M.C.II. centres and (2) Out-patient 
departments of women’s and children’s hospitals. Feeding 
studies should be held periodically to demonstrate the value of 
these foods in improving the health of the child and the mother.
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Chapter 21

NUTRITION OF INDUSTRIAL WORKERS

The importance of adequate nutrition for maintaining good 
health and normal physical efficiency among the industrial workers 
was realised during the second world war by the Western Nations. 
The tremendous industrial expansion during the above period 
and the anxiety of the different nations to maintain maximum 
industrial efficiency and output focused their attention to improv­
ing the nutrition and health of the worker. During the last 
15 years, the number of workers employed in the industry and 
in many irrigation projects in India has increased enormously. 
Increasing interest has been evinced both by the Government and 
the employers in improving the nutrition and health of the workers 
with a view to achieve the maximum output of work. In the 
present Chapter the following aspects of the subject are 
discussed: (1) Nutritional requirements of workers (2) Mal­
nutrition among industrial workers and its causes (3) Diet and 
working efficiency (4) Measures for improving nutrition of the 
workers and (5) Balanced diets, lunches, snacks for industrial 
workers and their families in developing countries.

Nutritional requirements for different activities
The requirements of calories, proteins, vitamins and minerals 

for workers engaged in different types of physical activity 
suggested by different Nutrition Committees are given in Tables 
16.1-16.3 (Chapter 16). The requirements of various dietary 
essentials are briefly discussed below:

Calories: Muscular work needs energy. The energy needed 
for various types of muscular activity constitutes the most im­
portant variable in the calculation of total energy expenditure. 
A large amount of work has been carried out in Europe and 
America on the energy needs of industrial workers. The results 
have been summarised by Passmore and Durnin (1955) and by 
Spitzer and Hettinger (1958). Further, the energy requirements 
of workers in cold climates will be about 15 to 20 per cent greater



and for those working in warm climates about 10 per cent less 
th;in the recommended allowances.

Proteins: Available evidence would indicate that muscular 
work does not affect to an appreciable extent the protein require­
ments of workers, provided the diet meets adequately the energy 
requirements. It is, however, desirable to provide about 20 
per cent more protein in the diet for industrial workers as their 
diets are not usually adequate in calorie intake and as more protein 
is required to maintain N equilibrium in calorie deficiency. 
Further, industrial workers in temperate climates who are con­
stantly exposed to cold environments will require more proteins 
(i.e., about 50 per cent more) than the recommended allowances, 
as exposure to cold increases the metabolic loss of body proteins 
and hence the protein requirements.

Vitamins
Vitamins must be present in adequate amounts in the diets 

of industrial workers, as vitamins arc concerned in the utilisation 
of food energy and the maintenance of the body in good health. 
The requirements for various vitamins are given in Tables 
16.1-16.3 (Chapter 16).

Vitamin A : There is no evidence so far indicating that in­
creased muscular activity increases vitamin A requirements. 
Since vdtamin A is required for proper vision in dim light and for 
the proper functioning of the nervous and epithelial tissues, 
the diets of workers should contain adequate amounts of vitamin 
A. Those exposed to bright light during work may need more 
vitamin A.

Thiamine: Thiamine plays an important part in energy meta­
bolism. It is essential for the maintenance of good appetite and 
normal digestion. It is also required for the normal functioning 
of the nervous tissue. The requirements for tlriamine for varying 
types of physical activity are given in 16.1-16.3 (Chapter 16).

Riboflavin: Riboflavin is concerned with the utilisation of 
energy from carbohydrates, fats, and proteins in the bodv. 
It is also essential for the maintenance of normal vision and the 
mucous mcmbrances in good health. Diets consumed by indus­
trial workers should provide adequate amounts of riboflavin.



The riboflavin requirements for different physical activities are 
given in Tables 16.1-16.3 (Chapter 16).

Niacin: Niacin is concerned with the utilisation of energy 
from carbohydrates, fats and proteins in the body. It is also 
essential for the normal functioning of the nervous tissue and 
mucous membranes. The requirements of niacin for different 
physical activities are given in Tables 16.1-16.3 (Chapter 16).

Ascorbic acid: Ascorbic acid is essential for maintaining good 
health. It helps in the healing of wounds and bone fractures 
and takes part in several important physiological functions. 
The diets of workers should contain adequate amounts of ascorbic 
acid. A high concentration of ascorbic acid has been recommend­
ed as a protection against benzol and other aromatic hydrocarbons. 
Ascorbic acid has been shown to be present in low concentrations 
in the blood of workers e.xposed to T.N.T,.and a high intake of 
ascorbic acid has been recommended for them. The ascorbic 
acid requirements are given in Tables 16.1-16.3 (Chapter 16).

Folic acid: Folic acid is essential for the formation of red 
and white blood corpuscles. Deficiency of folic acid in the diet 
resultsTn macrocytic anaemia which is likely to reduce the working 
capacity of the individual. The requirements of folic acid can 
be easily met by including green leafy vegetables in the diet.

Vitamin B̂ „: Vitamin is identical with the anti-pernicious 
anaemia factor occurring in liver. It stimulates the formation 
of red blood cells. Vitamin deficiency causes macrocytic 
anaemia. This disease occurs commonly in women w'orkers dur­
ing pregnancy. Since vitamin Bĵ  occurs only in foods of animal 
origin, diets should include some animal foods.

Other vitamins: Other vitamins such as pantothenic acid, 
pyridoxin, vitamins E, K, etc. are essential in human nutrition. 
Well-balanced diets provide adequate amounts of the above 
vitamins.

Minerals
The most important changes in mineral metabolism caused by 

work in ŵ arm climates are the losses of sodium chloride, calcium 
and iron through sw'eat. Hence, the requirements for the above 
minerals increase markedly for workers in warm climates.
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Sodium chloride: The loss of sodium chloride in sweat may 
be as much as 10 to 20 g. per 8 hours of hard work in warm 
climates. Continuous loss of sodium chloride may result in 
sodium chloride deficiency characterised by muscular cramps. 
The approximate sodium chloride requirements of workers in the 
tropics are given below:

Type of work Sodium chloride 
(s/day) 
10-15 
16-20 
25-30
Workers engaged in lead

Light work 
Hard work 
Very hard work

Calcium, Phosphorus and Iron: 
industry need larger amounts of calcium as calcium helps in the 
excretion of lead from the body. The losses of calcium, phos­
phorus and iron in sweat in workers in warm climates are greater 
than those in temperate climates. The requirements of calcium 
and iron are given in Tables 16.1-16.3 (Chapter 16).

Malnutrition among industrial workers and its causes
Types of malnutrition prevalent: Onlv a few studies on the 

nutritional status and the extent of incidence of malnutrition 
among industrial workers have been carried out so far. Even 
in an advanced country like U.S.A. a survey carried out among 
1100 aircraft workers revealed that the diets consumed bv them 
were inadequate in several dietary essentials and signs and symp­
toms of malnutrition due to deficiencies of vitamin A, riboflavin 
and thiamine were present in a fair percentage of the workers 
(Borsook et al 1943). The results of two surveys carried out in 
India are summarised below: De Aiello et al (1950) conducted 
a nutrition survey amongst factory workers in Bombay. The 
investigation included diet survey of 29 families. The average 
protein intake was 75 g. a day but only 9 per cent of the calories 
came from the proteins. Body weights were low and 50 per cent 
of the adult males had anaemia. A large number of children 
suffered from vitamin A deficiency. Unlike most other reports 
which have exclusively concentrated on children, this study has 
included a good number of adults. The higher incidence of 
vitamin A deficiency signs in children compared to that in adults 
is in keeping with the observations of other workers. Ramalinga-



swami and Patwardhan (194 9) carried out a survey of dietary 
and health conditions of plantation workers in South India. 
The diets were found to be low in calories, proteins, calcium, 
vitamins A and A nutrition survey of 461 persons drawn at 
random from ten estates showed that 79 per cent were under­
weight by 10 per cent. According to these authors, 81.2 per cent 
of adults and 61.3 per cent of children showed signs attributable 
to early vitamin A deficiency. Bitot’s spots, however, were 
observed to an extent of 7.5 per cent in both the groups. About 
31 per cent of adults were reported to show signs of vitamin B 
deficiency. Nearly one-third of the subjects had haemoglobin 
values below 10.0 g. per cent. Stool e.xamination carried out in 
one locality revealed a high incidence of hook-worm infestation.

Causes of malnutrition among industrial workers
Malnutrition exists in the working population chiefly because 

of the following reasons: (1) Inadequate income (2) Poor food 
habits (3) Unavailability and high cost of protective foods
(4) Physiological stress and metabolic disorders, and (5) In­
fections and infestations (Fig. 21.1). These are discussed below:

Fig. 21.1 C auses o f m aln u tritio n  am ong in d ustria l w orkers 

Inadequate income: It is now generally agreed that the present 
rate of wages of industrial workers in India is inadequate to 
enable them to purchase the foodstuffs required for a balanced



diet. Under the existing economic conditions of tlie industry', 
it is also realised by all concerned that the employers find it 
difficult to increase the wages of workers above the present levels. 
It is, therefore, essential to develop low cost food products for 
supplementing the diets of industrial workers.

Poor food habits
Ignorance: Foods vary considerably in nutritive value. 

Some foods that cost little may be nutritionally rich while foods 
costing much may be nutritionally poor. For example, green 
leafy vegetables which are cheaper than other vegetables are rich 
sources of vitamins and minerals. A knowledge of foods which 
can give adequate nutrition at low cost is necessary if a worker 
and his family are to be properly fed on a limited budget. Hence, 
education of industrial workers regarding the importance of 
balanced diet for maintaining good liealth is essential.

Indifference: Indifference to scientific knowledge on the 
nutritional qualities of foods is one of the important causes of 
malnutrition. This can be overcome only by persistent education 
of the workers periodically through films on health and food.

Improper selection and preparation offoods: Industrial workers 
should be taught about the classification of foods into different 
groups based on their nutritional qualities and the need for 
including different categories of foods in the required amounts 
for obtaining a balanced diet. They should also be taught the 
right methods of cooking rice and vegetables without discarding 
the cooked water.

UnaTailahility and high cost of protective foods. Protective 
foods such as milk, eggs, fish and meat arc costly. They are 
needed mostly by infants, young children and expectant mothers. 
Normal adults can consume a diet based on cereals, pulses and 
vegetables and containing less milk. Nutrition education should 
emphasise on (1) the importance of milk and other protective 
foods in the diets of infants and children, (2) the need for more 
quantities of Indian multipurpose food, pulses, nuts and green- 
leafy vegetables in the diets of older children and expectant and 
nursing mothers and (3) the importance of low cost protein foods 
such as Indian multipurpose food, pulses and green leafy veget- 
.ablos as supplements to the diets.



Physiological stress and metabolic disorders: Strenuous physical 
exertion and hot or cold environments and exposure to toxic 
vapours may increase the requirements of certain nutrients. 
All the above conditions may cause digestive and metabolic 
disorders e.g. gastro-intestinal upsets, liver dysfunction etc. 
which may interfere with the digestion and absorption of food.

Infections and infestations: As workers live under insanitary 
conditions in most of the developing countries, the incidence 
of diseases due to infections and infestations are very high. 
Consequently, the health of the workers is affected and larger 
quantities of nourishing food are required during convalescence 
to recoup lost health. The children of the workers are prone to 
suffer more than their parents as a result of frequent illnesses. 
The incidence of protein malnutrition is fairly high among 
weaned infants.

Diet and working efficiency
One of the most prominent symptoms of consuming in­

adequate and ill-balanced diets is the reduction in working 
capacity. The workers are tired out easily after working for 
short periods. The beneficial effects of extra calories, proteins 
and vitamins upon working efficiency have been demonstrated 
in controlled studies with workers indicating the need for adequate 
intake of all nutrients for maintaining good health and full 
working efficiency. A few examples are given below:

Calories: During and immediately after the second world 
war, a remarkable correlation between calorie intake and work 
output was observed in the Ruhr District of Germany, in relation 
to production of coal. (FAO, 1962). In 1939, the miners’ rations 
provided an average of 4,500 Real, of which 2,200 Real w'ere 
required for the maintenance of metabolism and for the various 
activities not directly related to w'ork. The remaining 2,300 
Real were available for work (work calories). The dailv output 
per miner was 1.9 tons of coal mined, i.e. about 1,200 woik calories, 
per ton. As the v.'ar proceeded and the food situation became 
worse, only 1,700 work calories were available in 1942, and the 
coal output diminished slowlv. When, for some time only 900> 
Real per ton were available, the workers lost weight. In 1944, 
with 1,900 w'ork calories, 1.65 tons of coal per man were mined



daily which gain corresponded tc 1,200 work calories per ton of 
coal. On the average of all food consumed, the amount of coal 
produced per 1,000 Kcal fell from 0.42 ton in 1939 to 0.*10 ton 
in 1944.

The development of production in a German steel works 
during the last war provided another example of the close relation 
between work calories and production. The establishment was 
spared from air raids and the production programme remained 
exactly the same throughout the war. In 1939, the workers’ 
rations supplied 1,900 work calories and the monthly steel 
production amounted to more than 120 tons per man. However, 
when food rations became smaller, the output fell more and more, 
until 1944, when only 1250 Kcal were available for work, 
production was less than 80 tons monthly per man. Again 
output for 1,000 Kcal of total food consumption fell from 29 
tons per month in 1939 to 26 tons in 1944. In both cases, decline 
in the food consumption level resulted in reduced output per unit 
of food consumed.

The following obsenfations made in war-time Germany 
under semi-experimental conditions have yielded interesting 
results. The influence of dietary supplements on the work output 
of a group of coal miners in the Ruhr district was investigated 
with the aim of finding whether the low production could be 
raised by increasing the food rations. A first supplement of 
400 Kcal increased the coal output from 6.7 to 9.4 tons per 
person, which the workers knew was expected of them. The 
resulting fall in body weight indicated that energy expen­
diture was slightly in excess of calorie intake. A further increase 
in calories resulted in a small further increase in output, but body 
weights rose again. Evidently, 177 Kcal were required per ton 
of coal, and for the desired increase in output, 600 extra calories 
were necessary (Table 21.1).

Table 21.1 In cr e a sed  output in  a c o a l m in e  a fter  im p r o v em e n t o f  ra tion s

’Calories available 
-tor work (Kcal)

O u tp u t
(tons) C a lo ries/ton Body w eight

1200 6.7 177 C onstan t
1600 9.4 169 Loss of 1.2 kg in six weeks
2000 10.8 192 Slow rise



A controlled group of 30 workers engaged in building railway 
tracks moved about I 2 tons of earth per hour on a food ration 
supplying a total of 2,300 Kcal. After ten weeks, additional food 
was given which brought the Kcal upto 3,000 and raised the 
output to 2i tons per hour. Output per 1,000 Kcal increased 
almost 30 per cent. In the course of a year, the work output 
rose and fell with the inevitable minor fluctuation of food rations, 
while body weights remained constant or even increased slightly. 
It may be of interest in this context to note that a further 
increase of work output was achieved by a bonus of cigarettes 
for each additional ton, which was temporarily given for reasons 
of comparison, but as there was no increase in food intake, the 
increased output proved to be at the expense of body weight.

Proteins: Since maintenance of muscle mass requires adequate 
intake of proteins, protein deficiency will affect adversely the 
working capacity. The results of studies on the effect of varying 
intakes of proteins on working efficiency are summarised in Table
21.2. Onlv when the protein intake was increased considerably

Table 21.2 P ro te in  in ta k e  a n d  c a p a c i ty  fo r  w o rk

Y ear O ccupa­
tional groups

N u tritio n a l
sta tus

C alorie
intake

K cal/day
In take of 

p ro te in  g/kg
Perform ance

capacity

1939-41 M iners m oderate 3,800 1.0-1.2 R ising
below 1.0 Falling

T942 G ardeners m oderate 3,000 1.0 U nchanged
0.7 Falling

1946 Scientists m oderate 3,000 0.8 U nchanged
1.6 S teep  rise a fte r

6 weeks
1951 S tudents good 4,009 2.0 D oubling of 

m uscle powers in 
12 weeks train ing

period
1.0 Slight increase in

12 weeks
0.8 N o change in 8

weeks

D ata from  K rau t and L ehm ann (1948), Biochem. Z ., 319, 228; L ehm ann and 
M ichaelis (1948) Biochem. Z .,  319, 247; K rau t and M uller (1950), Biochem. 
Z . ,  320, 302; K ra u t, M uller-W eck er (1953), Biochem. Z .,  324, 280.



over the minimum, there was a continuous rise of muscle power 
and N-rctention. The importance of the size of the protein 
stores for trainability, which is also largely influenced by consti­
tutional factors, is shown by the fact that in the first experiment 
which, was conducted shortly after the end of several years of 
extreme food shortage, subjects did not respond to training on 
1 g. protein/kg body weight, while in the second experiment 
there was a definite response. Two grammes of protcin 'kg. 
body weight, when given for three months led to a deposition of 
8.3 kg. protein (calculated from nitrogen retention), the figure 
corresponding well to the 8 kg. increase of muscle mass estimated 
from the gained muscle power. In the first experiment, subjects 
on 1 g. protein/kg lost part of the muscle power they had 
previously attained with 1.7-2.1 g. protein/kg. In the second 
series, when body stores were replcted, nitrogen balance was 
achieved on 0.8g protein/kg. without loss of muscle power. That, 
these figures are influenced by the biological value of the proteins 
in the diet, as was shown by Kraut et al., (1938) seems not 
surprising in view of our present concepts of protein metabolism. 
In a group of prison inmates doing hcav)' work, Kraut et al (1951) 
found the work output (v.hich was stimulated by incentives) 
unchanged when the percentage of animal proteins in the diet was 
lowered from 40 to 14 per cent at an over-all protein intake of 90 
to 100 g. and a calorie intake of 3,800 to 4,000 Kcal/day. The 
practical conclusion to be drawn from all this seems to be that, 
while protein catabolism is not increased bv work, protein require­
ments are greater for the development of the musculature 
necessary to a heavy worker, as well as for the maintenance of such 
muscle power. Therefore, Kraut et al (1951) recommended a 
daily intake of more than 1 g. protein per kg. body weight for 
heavy workers.

Vitamins and minerals: Vitamins are concerned in the main­
tenance of good health and vigour. Even a mild deficiency of 
vitamins generally results in loss of vigour (FAO, 1962). Iron 
deficiency will lead to anaemia which will aftcct seriously the 
working capacity. A rigorously controlled large-scale experi­
ment on the effect of a ‘vitamin-mineral’ supplement on the 
working efficiency of air-craft workers was carried out in 
U.S.A. The study extended for a year during which time the 
men received a ‘vitamin-mineral’ supplement in capsules and pills



twice a day while they were at work, for live days a week. The 
supplement contained Vitamin A, 50,000 I.U.; Vitamin D, 800 
I.U.; Vitamin Bj 10 mg; Vitamin B, 10 mg; Niacinamide, 100 mg; 
Vitamin C, 250 mg; and Calcium (as carbonate) 500 mg. A 
conservative estimate of the over-all gain to production from the 
physiological effect of the ‘vitamin-minerar supplement, after all 
psychological effects were eliminated, was 10.5 working days per 
man per year. This will correspond to a gain in manpower of 4.1 
per cent. Of this total gain, 78.4 per cent was due to better 
general work performance and reduced absenteeism contributed
21.6 per cent. The estimates of the results obtained are based 
on performance data and not on subjective reports of the subjects. 
The data are consistent in showing a physiological benefit from 
the ‘vitamin-mineral’ supplement not ascribablc to any psycholo­
gical influence.

Effect of dietary improvement on work output
The results of studies carried out in different countries have 

shown that provision of lunches for workers at the work spot 
increased to a marked e.xtent the output of work. Some examples 
are given belowu

An impressive example is the experience gained in the Central 
American Public Road Programme in Costa Rica (FAO, 1962). 
For the road work w’hich w'as done by United States contracts, 
local labour was employed and proved to be extremely inefficient 
at work. After some time the organisation of the construction 
camps was changed, sanitation was improved and the management 
began to supply substantial meals, including large portions of 
meat to the w'orkers who had formerly' been subsisting on a poor 
and mainly vegetarian diet. The resulting improvement in W'ork- 
ing efficiency was striking. When the work was started in 1943, 
a labour force consisting of 30 per cent United States labourers 
and 70 per cent Costa Ricans moved 240 cubic metres of earth 
per day, with modern equipment. A year later with 33 per cent 
United States labourers and 67 per cent Costa Ricans, the daily 
average had risen to 388 cubic metres per day. By January 1945, 
with 28 per cent United States labourers and 72 per cent Costa 
Ricans, 1,025 cubic metres of earth w'ere moved per man per day 
and by January 1946, with only 12 per cent United States



labourers and 88 per cent Costa Ricans, the average had risen to 
1,157 cubic metres per man per day.

The benefits to be gained from the supply of a balanced cooked 
meal to the workers have long been recognised in the mining 
industry in South Africa. A survcv carried out in 1956 revealed 
that the average calorie value of the rations supplied to each 
worker in the mines in South Africa, was approximately -1,500 
Kcal per day. It was claimed that the balanced cooked meals 
led to a marked improvement in physical condition after a spell 
of mining employment. Hard work was performed and weight 
in most cases increased.

Similarly, in Ruanda Urundi, an employer estimated that by 
providing a balanced cooked meal to his workers, the productivity 
was raised by 30 per cent. In Madagascar, a sugar refiner is 
reported to have reduced the turnover rate of migrant labour 
from 60 to 6 per cent by the introduction of a balanced cooked 
meal. In Zanzibar, it was reported in 1937 that after well- 
balanced meals were introduced on an experimental basis by 
the Clove Growers’ Associations, the employees’ capacity for work 
was greatly increased, provided the worker remained in regular 
employment for some weeks; also, the increased efficiency more 
than compensated for an addition of a little over 50 per cent 
in the average wages of the labourer. E.xperience gained during 
the last war in a rubber plantation in South Vietnam showed an 
increase of 50 per cent in work output after the opening of canteen 
facilities providing a liberal diet to the workers. Such surprisingly 
high rates of production increases are largely due to the fact that 
workers’ diet had been grossly inadequate before the introduction 
of feeding facilities on the work site.

The following two examples, one from Canada and the other 
from the United States show the kind of beneficial effects which 
may be expected to result even in well-to-do countries from the 
establishment of such facilities.

The Canadian example (I.L.O. 1946) is based on a study 
carried out after the management had set up a lunch room for the 
workers. The study showed that the establishment of the lunch 
room was followed by a significant reduction in the number of 
accidents. The results before and after the opening of the room, 
per million man hours were as follows:



Before opening 
of lunch room

After opening 
of lunch room

First aid treatment 
Lost time accidents

(T h ree  years average)

3000 2130
49 42

A survey (FAO, 1962) carried out by the United States De­
partment of Agriculture in later 1955 and early 1956 showed that 
half of the manufacturing plants in the United States employing 
250 or more workers had facilities for serving hot food to the 
employees, and approximately nine out of ten plants had at least 
one kind of vending machine dispensing food or beverages. 
The great majority of the executives when questioned specifically, 
considered the employee food services beneficial to employee 
morale, labour-management relations, employee health, and 
employee productivity. These proportions regarded the services 
as having a good effect or bad effect or no effect at all (Table 21.3).

Table 21.3 E ffect o f  se r v in g  lu n c h e s  on  the p ro d u ctiv ity  and  h e a lth  o f
w ork ers

Good
effect

N o effect 
at all

Percentage

Rad
effect

J' m ployee m orale 92 8 (D*
P roductiv ity 63 36 1
R ecru itin g 48 52 (1)*
H ealth 70 30 (1)*
L ab o ur-m anagem en t relations 77 21 2

*(1)—less th an  0.5 pe r cent.

Haggard and Greenberg (1935) studied the rate of production 
in relation to frequency of meals in a rubber footwear factory in 
which the rate of production represented, as nearly as possible, a 
measure of the actual effort of the individual operator. Forty 
operators were divided into two groups of twenty each. In 
one—the control group, the operators ate their accustomed three 
meals a day, in the other—the experimental group, the operators 
ate three, five, three, five, three meals respectively for periods of 
two weeks. The mean hourly output of the operators in the



control group was 183, 184, 183, 184 and 184 for five periods of 
two weeks each. The mean hourly outputs of the operators in 
the experimental group during the three periods in which thee’ 
ate three meals a day v.erc 175, 176 and 176 and during the two 
periods in which they ate five meals a ilav were 192 and 194. 
From the above results, they conciiKled that the extra meals un­
questionably increased the dailv pmductivit}'.

According to Kaisuki (19''i2), Japanese farmers obtain about 
93 per cent of their calorie intake and 72 pt r cent of their proteins 
from vegetable foodstuffs—mostlv rice. Katsuki’s group noted 
that single-crop farmers retire alxait 10 vears earlier than double­
crop farmers and suffer from lack of muscle strength, nervous 
disorders and metabolic disturbances to a greater extent than 
double-crop farmers. They found double-crop farmers con­
sumed more calories and more nutritious diet than single crop 
farmers.

Measures for improving workers’ nutrition
It was during the last war that the importance of nutrition, 

in industry was realised by the Western nations. Steps were 
taken to provide nutritious lunches and snacks to workers in the 
plant premises and these measures brought about highly signi­
ficant increases in the work output. The various measures which 
are likely to improve the nutrition of the workers are (1) Estab­
lishment of non-profit food stores (2) Provision of free or low- 
cost nutritious lunches and snacks in canteens and (3) Nutrition 
education (Fig. 21.2). The need for providing adequate wages 
is obviously essential for any programme designed to improve 
the health of the workers.

Non-profit stores: The establishment of non-profit stores 
is likely to give workers and their families, facilities for buying 
their food requirements at controlled rates. The essential 
foods should he subsidised and sold against coupons. Non­
profit food stores offer the chance to promote the consumption 
in adequate amounts of certain basic and supplementary foods 
such as cereals, millets, legumes and other supplementarv 
foods. In view of the shortage and high cost of milk, meat, fish 
and eggs, there is need for the production of low-cost nutritious 
foods for use as supplements to the diets of industrial workers



Fig. 21.2 M ethods of p reven tion  of m aln u tritio n  am ong industria l w orkers 

and their families. Low-cost protein-rich foods based on 
oilseed meals e.g. Indian multipurpose food and legumes can be 
used as supplements to the diets of industrial workers and their 
families and should be sold at subsidised rates. Milk foods 
should also be distributed for the feeding of infants.

Canteens: The most effective measure for improving the 
workers’ diets in a relatively short time is the provision of free 
lunches and snacks at the work spot. This is absolutely necessary 
as workers who live far away from tlie work spot find it difficult 
to bring their own lunches, as they have to leave their homes early 
in the morning. Night-shift workers will need snacks during the 
night. The provision of free meal and snacks is of great econo­
mic benefit to employees and also helps to increase production 
bv avoiding waste of time, and preventing fatigue and nervousness 
which may occur when workers have to go outside the work spot 
for meals. Experience gained in several Western countries have 
proved beyond doubt that the provision of nutritious lunches and 
snacks helps to improve the general health and psychological 
outlook of workers and acts as an incentive for hard work resulting 
in increased production (Table 21.3).

Nutrition and health education: Nutrition and health educa­
tion will help considerably in improving the diets of the workers



and their families. Industrial organisations have an excellent 
opportunity to disseminate information about the role of balanced 
diets in maintaining good health and the value of low-cost supple­
mentary foods i.e., Indian multipurpose food, pulses, green leafy 
vegetables, roasted groundnuts etc., in making up deficiencies in 
the diets. The important methods of educating workers are as 
follows;

Exhibitions: Permanent exhibits relating to health and
nutrition of the workers and their families should be organised 
and the workers encouraged to visit them. Display of charts 
and photographs showing the effects of supplementary foods in 
improving the health and nutritional status of children and in 
curing protein malnutrition in children will help effectively in 
creating interest in food and nutrition. Charts showing how 
infectious diseases are caused and can be prevented should also be 
displayed.

Pamphlets: Pamphlets on health and nutrition education 
should be prepared in regional languages and distributed to the 
workers.

Motion pictures: Motion pictures are effective in educating 
the workers. Educational films relating to health and nutrition 
should be screened periodically.

Balanced diets, lunches and snacks for workers and their 
families
The problem of providing balanced diets for industrial and 

agricultural workers and their families at low cost has been engag­
ing the attention of nutrition workers in India and other developing 
countries. In view of their scarcity and high cost, protective and 
protein-rich foods such as milk, eggs, meat, fish and fruits cannot 
be included in adequate amounts in diets of the low income 
groups. The diets should, therefore, include liberal amounts of 
pulses, groundnut and green leafy vegetables.

Balanced diets for male workers: When recommending 
balanced diets for men, the degree of activity has to be borne in 
mind. A sedentary or light worker needs less calories than a 
moderately hard worker and a very hard worker needs much more 
than the former two. Balanced diets, at varying costs for men of 
varying degrees of activities are given in Tables 21.4-21.6.



Foodstuffs S eden tary
work

V NV

M ale w orkers
M oderate  H eavy work 

work
V N V  V N V

Sedentary
Work

1 V NV

Fem ale workers 
M oderate  i work H eavy work
V N V  V NV

Additional allow ances 
du rin g

Pregnancy L acta tion  
V N V  V NV

Cereals 350 350 420 420 600 600 230 230 280 280 400 400 — — 100 100

Pulses 70 55 80 65 80 65 60 50 60 50 60 50 — — — —

G reen  leafy vegetables 100 100 125 125 125 125 100 100 100 100 100 100 — — — —

O th er vegetables 75 75 75 75 100 100 75 75 75 75 100 100 — - — —

R oots and tu bers 75 75 100 100 100 100 50 50 75 75 100 100 — — — —

F ru its 100 100 100 100 100 100 100 100 100 100 100 100 50 50 50 50

M ilk 600 400 600 400 600 400 600 400 600 400 600 400 500 300 700 400

Cheese 40 — 40 — 40 - 40 - - 40 — 40 — 20 — 20 —

Fats and oils 35 40 40 40 50 50 30 35 35 40 40 45 — — 20 20

Sugar and jaggery 30 30 40 40 55 55 30 30 30 30 40 40 — — 20 20

M eat and fish — 100 — 100 — 100 — 100 — 100 — 100 — 25 — 40

Eggs — 60 — 60 — 60 - 60 — 60 — 60 — — — —

G ro u n d n u t (roasted) — — — — 50 50 — — — — 40 40 — — — —

c

— — H
O
o

2>r

§

y=Vegetarian NV =  Non-vegetarian



M ale workers Fem ale workers A dditional allowances
Foodstuffs Sedentary

work
M oderate , t ,

1 Heavy work work ^
S e d e n ta ry

work
M oderate  tt

1 H eavy work ^ work during
Pregnancy L acta tion

V NV V NV V NV V NV V N V  V N V V N V  V NV

Cereals 3S0 380 450 450 630 630 260 260 310 310 440 425 — - 100 100
WC/3
If iw

Pulses 70 55 80 65 80 65 60 50 60 50 60 50 — — — —

G reen  leafy vegetables 100 lUO 125 125 125 125 100 100 100 100 100 100 — — — — rcn

O th e r vegetables 75 75 75 75 100 100 75 75 75 75 100 100 — — —
O

R oots and tubers 75 75 100 100 100 100 50 50 75 75 100 100 — — — -
o
o
a

F ru its 60 60 60 60 60 60 60 60 60 60 60 60 50 50 50 50

M ilk 400 250 400 250 400 250 400 250 400 250 400 250 400 200 600 300
0
Z

F a ts  and oils 35 40 40 40 50 50 30 35 35 40 40 45 — - 20 20
c
3

Sugar an d  jaggery 30 30 40 40 55 55 30 30 30 30 40 40 — — 20 20 0
%

M eat and fish — 60 — 60 — 60 — 60 — 60 — 60 — 25 — 40

Eggs — 30 — 30 — 30 — 30 — 30 30 — 30 — 30

G ro u n d n u t (roasted) — — — — 50 50 — — — — 4 40 — — — —.

V ^ V e^e ta rian N V =»Non*vefjetarian



M ale w orkers
S eden tary  M od era te  H eavy 

Foodstuffs work w ork work
V NV V N V  V N V

Fem ale w orkers
S eden tary  M o derate  H eavy

w ork w ork work
V N V  V N V  V NV

A dditional allow ances 
d u rin g

P regnancy  L ac ta tio n

Cereals 400 400 475 475 650 650 300 300 350 350 475 475 50 100

Pulses 70 55 80 65 80 65 60 45 70 55 70 55 — 10

G reen  leafy vegetables 100 100 125 125 125 125 125 125 125 125 125 125 25 25

O th er vegetables 75 75 75 75 100 100 75 75 75 75 100 100 — —

R oots and tu bers 75 75 100 100 100 100 50 50 75 75 100 100 — —

F ru its 30 30 30 30 30 30 30 30 30 30 30 30 — —

M ilk 200 100 200 100 200 100 200 100 200 100 200 100 125 125

F a ts  and oils 35 40 40 40 50 50 30 35 35 40 40 45 — 15

Sugar and jaggery 30 30 40 40 55 55 30 30 30 30 40 30 10 20

M eat and fish — 30 — 30 — 30 — 30 — 30 — 30 — -

Eggs — 30 — 30 — 30 — 30 - 30 — 30 — —

G ro u n d n u t (roasted) — — - — 50f 50t - — — — 40f 40 t — —

ZcH
S3

O
z

sa

o
S 3

S3

V =  V egetarian  NV =  N on-V egetarian
t  An additional 25g o f fats and oils can be in cluded  in the d ie t in the place of g ro u n d n u t. vO



Balanced diets for working women: In the case of women, in 
addition to the degree of physical activity, other physiological 
factors such as pregnancy and lactation have also to be taken into 
consideration. An expectant mother needs more proteins,- 
calcium, iron and vitamins, especially during the second half of 
pregnancy. A nursing mother needs more of all the nutrients 
than a normal woman as she has to feed the baby. Hence, diets 
have to be modified according to their needs. Balanced diets at 
varying costs for women are given in 'Fables 21.4-21.6. These 
include a low cost protein supplement (i.c.) Indian multipurpose 
food.

Balanced lunches: Provision of balanced lunch to industrial 
workers is a measure for improving their general health and 
working efficiency. Almost all industiial concerns in Western 
countries provide lunches for their workers. The lunches should 
be acceptable to the workers, besides being nutritious. They 
should meet about one third the daily requirements of calories, 
proteins, vitamins and minerals. The composition of model 
lunches based on locally available foodstuffs is given in Table 
21.7. The lunches should be based on locally available foodstuffs 
and the recipes should be v^aried to avoid monotony.

Table 21.7 B a la n ced  lu n c h e s  at vary in g  c o sts  for in d u str ia l w orkers
(g /d ay /cap u t)

Foodstuff's H igh cost 
V NV

M oderate cost 
V NV

Low cost 
V NV

Cereals and m illets 140 140 150 150 170 170

Pulses 40 20 40 20 50 30

G reen leafy vegetables 70 70 70 70 70 70

O ther vegetables 50 50 50 50 50 50

Fru its 100 100 50 50 30 30

M eat, fish and eggs — 100 — 70 — 30

Cheese 30 — 15 — — —

M ilk and curds 300 150 200 100 100 50

Oils and fats 30 30 30 30 20 20

Sugar and jaggery 20 20 20 20 20 20



Balanced snacks: Balanced snacks help to make up the defici­
encies in the daily diet. They should meet about one fifth the
daily requirements of calories, proteins, vitamins and minerals.
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Chapter 22

NUTRITION OF ATHLETES

Few areas of nutrition are as infiltrated witlr food fads as 
nutrition of athletes. Diet fads are dangerous to the athletes 
on the following grounds (f) They induce the athletes to consume 
some foods which are assumed to possess special nutritional 
properties as against foods of proven nutritive value {ii) Special 
foods are costly while being not superior to common articles of 
diet and hence drain away the financial resources of the individual 
and (m) The practice of diet faddism makes the individual less 
receptive to sound scientific concepts of nutrition.

Requirements of nutrients
The recommended dietary allowances for athletes are given 

in Table 22.1. ^

Table 22.1 R e c o m m e n d e d  d ie ta ry  a l lo w a n c e s  for a th le te s

N u trien t Daily requirem ents

Calories (Kcal) 3000-5000
Proteins (g) 60-90
Fat (g) SO-150
Calcium  (g) 0.6-0.8
Iro n  (mg) 20-30
V itam in A (Retinol) (/^g.) 750-1000
T hiam ine  (mg) 2.0-3.0
Riboflavin (mg) 2.0-3.2
N icotinic acid (mg) 26-36
Ascorbic acid (mg) 50-80
Folic acid (/tg) 50-100
V itam in Bja (^tg) 2-4
V itam in D  (I.U .) 400

Calories: The calorie requirements are increased considerably 
during athletic activities. Passmore and Durnin (1955) have



reviewed the energy requirements for various types of activities. 
A summary of the data taken from their paper is given in Table
22.2. Depending on the intensity and duration of the daily

Table 22.2 E nergy e x p en d itu re  in  v a r io u s ty p es o f  a th le t ic  a c t iv it ie s

Sr. :No. Activity Calorie expenditure 
pe r m inute  (Kcal)

1. S itting  in a chair 1.40
2. S tanding 1.65
3. R u nn ing  7 K m /hr. 9.0

4. R u nn ing  12 K m /hr. 20.0

5. C lim bing ladder 8.0-11.0

6. Cycling (5.5 m ph) 4.5

7. „  (9.4 m ph) 7.0

8. ,, (13.1 m ph) 11.1

9. Canoeing (2.5 m ph) 3.0

10. ,, (4.0 m ph) 7.0

11. H orse rid ing  (trot) 8.0

12. ,, (gallop) 10.0

13. Gymnastic exercises

Balancing exercises 2.5

A bdom inal exercises 3.0
A rm s swinging, hopping etc. 6.5

14. Volleyball 3.5

15. Bowls 4.4

16. G olf 5.0

17. Cricket, fielding 3.9

18. ,, bowling 5.2

19. ,, batting 6.0

20. T enn is 7.1

21. Football 8.9

22. Sw im m ing, back stroke 11.0

23. Sw im m ing, back crawl 11.5

24. Sw im m ing, breast stroke 10.0

25. Playing squash rackets 10.2

26. Cross country  ru n n in g 10.6

27. Skiing 9.9-10.8



exercises of the athlete, the total daily calorie requirements may 
range from 3000 to 5000 Kcal as compared with the calorie 
requirements for very hard work of 3600-3900 Kcal per day. It is 
evident that the calorie requirements of athletes may be as high 
as or higher than those doing verv hard wv)rk. About 20-25 per 
cent of the calories should be derived from fats as otherwise, the 
diet will be too bulky and difficult to consume.

Carbohydrates: About 30 per cent of the carbohydrates in the 
diet should be in the form of sucrose and glucose, as these are 
readily assimilable to provide energy. Sucrose and glucose should 
be given in quantities of 50-80 g. at a time in the form of drinks 
once in 2 hours before and after the athletic practice. Carbo­
hydrates are superior to fats as a source of energy for athletes.

Fat: Fat is a concentrated source of energy and hence about 
20 to 25 per cent of the calorie intake should be derived from 
fats. Vegetable oils rich in essential fatty acids should constitute 
about 50 per cent of the fat in the diet. The daily fat intake 
should be betw'een 80-150 g. consisting about 20-25 per cent of 
the daily calorie requirements.

Proteins: One of the persisting misconceptions is the in­
creased need for proteins for persons doing hard physical work. 
The e.xtra proteins required for the formation of new muscle, 
are met by the proteins provided by WTll-balanced diets. Darling 
and co-workers (194“!) studied the performance of three groups 
of persons engaged in the same type of manual work and receiving 
daily high protein (160g) moderate protein (8()-90g) and low 
protein (50-55g) diets providing the same amount of calories 
and other nutrients, over a period of 2 months. There was no 
significant difference in the work efficiency and output of the 
three groups.

Calcium and iron: The calcium and iron requirements of 
athletes will be the same as for hard working persons.

Vitamin A: Vitamin A intake is of the same order as for 
persons doing hard work.

Thiamine: Since thiamine needs are related to the calorie 
requirements, the requirements for athletes w'ill be about 2.0­
3.0 mg. per day.

- p - i i f i i '



Riboflavin and niacin: Since both riboflavin and niacin 
requirements are related to the calorie requirements, the recom­
mended allowances for riboflavin will be approximately 2.2-3.2 mg. 
and of niacin 26-36 mg. per day.

Ascorbic acid: The ascorbic acid requirements of athletes 
are of the same order as for persons doing hard work.

Folic acid and vitamin B .̂,: The requirements of folic acid and 
vitamin for athletes are of the same order as those required 
for persons doing hard work.

Vitamin D: Vitamin D requirements are the same as for 
ordinary adults.

Gelatin, glycine and creatine: Since muscle contains creatine 
and glycine is the precursor of creatine, it has been postulated 
by some w'orkers that a diet supplemented with glycine or gelatin 
(as it contains 25 per cent glycine) might increase the concen­
tration of creatine in muscle and hence muscular efficiency. 
Studies carried out by several workers have shown, however, 
that supplements of glycine or gelatin have no beneficial effect 
in increasing the creatine content or in improving physical per­
formance.

Vitamin E and ivheat germ oil: Supplements of vitamin E 
or wheat germ oil (rich source of vitamin E) have been reported 
to increase the physical performance of athletes by some workers, 
w'hile some others have not been able to confirm the above 
findings.

M eal composition and athletic performance
The optimal proportions of carbohydrates to fat in the diets 

of athletes have been studied by several workers. Tw'o types of 
studies have been conducted: (1) Those in wEich experimental 
subjects practise following the ingestion of single meals of desired 
composition and (2) those in which the subjects arc fed for several 
days on a special diet containing high levels of a particular com­
ponent and low levels of others. A high carbohydrate diet has 
been reported to increase physical efficiency to a significant 
extent as compared with a high fat diet.



Tim ing and relative size of m eals
The influence of number, relative size and spacing of meals 

on physical performance has been studied by various workers. 
The results have shown that (i) Frequent small meals improved 
overall physical perfomrance more than few large meals and (n) A 
pattern of 5 meals a day led to a total work output greater than 
that observed with 3 meals a dav.

‘Crash’ diet
In sports such as boxing and wTestling, present day athletes 

■—professionals and amateurs—often place themselves on ‘crash’ 
diets combined with dehydration to bring down their weight, to 
become eligible for lower weight classification. The intention of 
these athletes is not to attain their most desirable weight from 
the view point of health and fitness but rather to compete wdth an 
unfair advantage against an opponent who really does belong to a 
lower W’eight bracket. This practice should be strongly dis­
couraged.

Nutrition of athletes im m ediately preceding and during 
competition
Water balance: The replacement of salt and water lost from the 

body is of great importance in w'arm climates. This can be 
achieved by consuming a salty dish at least 3 hrs. before the 
competition and drinking fruit juice frequently.

Carbohydrate loading: Drinking of fruit juices and soft drinks 
containing glucose, sugar, ascorbic acid and citric acid frequently 
during the contest helps to improve the physical performance 
of the athletes.

Tea, coffee and alcohol
These beverages should be avoided during a contest. Alcohol 

may produce depression and incoordination of movements. 
Tea and coffee may have an immediate stimulating action but 
have a depressing effect three or four hours later and thus may 
impair physical performance.



NUTRITION OF ATHLETES 

Table 22.3 D ie ts*  fo r  a th le te s  (g /c a p u t/d a y )

50f

Foodstuffs 3000 
V NV

3500 
V  N V

Calories 
4000 

V NV
4500 

V NV
5000 

V N V

Cereals 150 150 175 175 200 200 250 250 300 300
Legum es 50 50 50 50 50 50 50 50 50 50
N u ts  (cashew, pea­

n u t etc.) 80 70 100 90 120 110 120 n o 160 150
M ilk 1000 500 1000 500 1000 500 1000 500 1000 500
Cheese 50 — 50 — 50 — 50 — 50 —
M eat and fish — 100 — 100 — 100 — 100 100
Eggs — 50 — 50 — 50 — 50 — 50

Fats and Oils
B utter or m argarine 20 20 30 30 30 30 40 40 40 40
Vegetable oil 30 30 40 40 60 60 70 70 90 90

Sugar: Cane sugar 80 80 100 100 110 110 120 120 140 140
Glucose 80 80 100 100 110 n o 120 120 140 140

Vegetables 200 200 200 200 200 200 200 200 200 200

Fruits 200 200 200 200 200 200 200 200 200 200
F ru it juice 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

* O ne m ulti-v itam in  tablet providing the  daily requ irem ents o f d ifferen t 
vitam ins should  be included in  the  diet.

Diets for athletes
Diets providing 3000-5000 Kcal per day are given in 

Table 22.3. They include liberal amounts of fruits and fruit 
juices, cane sugar and glucose, as these serve as readily available 
sources of energy immediately before and after the athletic 
practice. They also provide adequate amounts of proteins^ 
vitamins and minerals to meet their requirements (Table 22.1).- 
It will be desirable to supplement the diets with a multi-vitamin 
tablet which wdll meet the daily additional vitamin needs of the 
athletes.
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METABOLISM IN STARVATION AND UNDERNUTRITION

Starvation and severe undernutrition occur in human beings 
during famine and food shortage resulting from various causes 
such as floods, drought etc. The great Irish famine of the 
nineteenth century was caused by the destruction of the potato 
crops by fungal disease. The famine which occurred in the 
province of Bengal, in India in 19"! 3 was due to drought. The 
term ‘starvation’ is used to denote conditions in which food is not 
available to the individuals due to acute shortage, while the term 
‘undernutrition’ denotes conditions in which the individuals are 
semi-starved.

STA R V A TIO N

Studies have been carried out by some workers on the bio­
chemical and physiological changes occurring during starvation 
in human volunteers. During starvation, the entire energy 
requirements of the body are obtained by the oxidation of fat, 
proteins and carbohydrates present in the tissues. The carbo­
hydrate reserves are small and will meet only one day’s energy 
requirements while the fat reserves are large and can meet the 
energy requirements for several days. The breakdowm of tissue 
proteins occurs continuously during starvation. The quantity 
of tissue proteins lost daily in an adult may range from 60-70g, 
providing about 240-280 Kcal per day while the rest of the energy 
requirements are derived from oxidation of fat present in adipose 
tissues. The number of days, an adult could fast will depend 
on his physical condition (fat stores and general health) and may 
normally be about 9-10 weeks. Terence MacSwiney, Mayor of 
Cork, after his arrest in 1820, went on a fast w'hich lasted 74 
days, terminating in his death in coma.

Loss of weight o f body and tissues
During starvation, there is steady loss of body weight (Table 

23.1), the loss of w^eight during the first 10 days being 10-12 per



cent of the initial weight. This loss of body weight does not 
affect all the tissues and organs alike. Muscle, liver, skin lose 
much weight while heart and brain lose very little (Table 23.2).

Table 23.1 C h a n g e s  in  b o d y  w e ig h t, n i tro g e n ,  m in e r a l  a n d  e n e rg y  
m e ta b o l i s m  in  a  f a s t in g  a d u l t  m a le  (B e n e d ic t)

Period of fasting fdays)
1st 11th 21st 31st

Body weight (kg) 59.6 53.9 50.5 47.4

Urine
T o ta l solids (g) 43.5 42.1 31.9 27.1
T o ta l N  (g) 7.1 10.3 7.9 6.9
A m m onia N  (g) 0.41 1.58 1.57 1.14
C rea tin in e+ c rea tin e  N  (g) 0.48 0.49 0.38 0.32
Calcium  as Ca (g) 0.22 0.22 0.24 0.14
P hosphorus as P  (g) 0.37 0.43 0.35 0.29
Potassium  (g) 1.63 1.01 0.64 0.61
Sodium  (g) 2.07 0.10 0.07 0.05
S u lp h u r (g) 0.46 0.62 0.51 0.49
/K-hydro.xy bu tyric  acid (g) — 1.4 5.0 4.5
R .Q . 0.78 0.72 0.73 0.72
Energy m etabolism  at com plete rest 

(K cal/24 hrs.). 1441 1193 1052 1025
Energy m etabolism  at com plete rest 

(K cal/square m eter body surface) 843 732 653 661

Table 23.2 P e r c e n ta g e  lo ss  o f  w e ig h t  o f  d if f e re n t  o rg a n s  a n d  
t is s u e s  a f te r  p ro lo n g e d  s ta rv a t io n  (Voit)

T issue Loss of weight of organ 
or tissue (% )

Adipose tissue 97
Spleen 67
Liver 54
M uscles 31
Blood 27
K idneys 26
Skin and hair 21
In testine 18
L ungs 18
Pancreas 17
H eart 3
Brain and spinal cord 3



Basal energy output in starvation
There is a stcadv decline in the basal metabolic rate probably 

due to loss of muscle tissue. In an adult (Table 23.1) the energy 
metabolism at rest de'creascs steadily from the initial value of 
1441 KcaI/2-l hrs. to 1025 Kcal 'dl hrs. on the 31st day of fast.

The m etabolism  of carbohydrate, fat and proteins during 
starvation
During the first and second days of starvation, the carbo­

hydrate reserves are used up. From the third day onwards 
energy is derived mainly from fat (80-90 per cent) and to a small 
extent (10-20 per cent) from proteins.

Loss of protein from the body and different tissues
Addis and co-workers (1936) found that in rats fasted for 7 

days, the loss of protein from different tissues varied widely 
(Table 23.3). Of the total protein lost from the body, muscle, 
skin and skeleton contributed 62 per cent, liver 16 per cent, 
alimentary tract, pancreas and spleen, H per cent and blood,
6 per cent. The total loss of protein from the body was 3.8 g in a
7 day period in adult rats weighing 200g and containing 
about 32-3()g protein in the body. An adult human subject 
(Table 23.1) weighing about 60 kg may lose about 1550g of 
protein from the body in a 31 day fast. The protein content 
of the body of the adult will be about 9600g (on the basis 
of 16 per cent of proteins in the body). Thus the tissue proteins 
lost in a 31 day fast will amount to about 16 per cent of the total 
proteins present in the body.

Carbohydrate m etabolism
Even in the later stages of fasting in animals, glycogen is 

found in the liver and the level of blood sugar is maintained 
within normal limits. Glucose is formed in the body from the 
glycerol of fat and from neo-glucogenesis from amino acids. 
The quantity of glucose formed from the above sources may be 
about 30-50g per day in an adult human subject.



T a b le  23.3 L oss o f  p rote in s  fr o m  s o m e  tissu es d u rin g  a 7 
day  fast— (The va lu es  a re  m e a su re d  in  gm . p er rat w ith  an 
or ig in a l bod y  su rfa ce  o f  310 sq. c m . (200 gm . o f  b od y  w eight)

O rgan or 
tissue

Fed
rats
(g)

Fasted
rats
(g)

Protein
lost
(g)

P roportion  of total 
p ro tein  lost 

(% )

ATuscle, skin and

skeleton 28.9 26.5 2.4 62
Liver 1.53 0.92 0.61 16
A lim entary tract,

pancreas and 
spleen 1.81 1.30 0.51 14

Blood 1.19 0.95 0.24 6

Fat metabolism
Adipose tissue fat serves as the main source of energy during 

starvation. In an adult with a resting calorie requirements of 
1200-1400 Kcal, about 80-90 per cent of the calories is derived 
from fat. The quantity of fat oxidised daily may vary from 
100-120g daily. The R. Q. is about 0.72, indicating that fat is 
the main nutrient oxidised for the production of energy.

Ketosis
Owing to lack of carbohydrates, ketosis develops due to the 

oxidation of excessive amounts of fat in the body. The ketone 
bodies i.c. acetoacetic acid, /3-hydroxybutyric acid and acetone 
circulate in the blood and arc excreted in urine. Ammonia is 
excreted in larger amounts for neutralising the acids formed.

Minerals
There is continuous loss of calcium, phosphorus from the 

bones and potassium from the cells. Sulphur compounds derived 
from the oxidation of tissue proteins are excreted in urine.

Physiological and clinical changes in starvation
Loss of adipose tissue fat and muscle, gives a emaciated 

.appearance to the subject. The subject becomes very weak.



The blood pressure is low and the pulse rate falls slowly. 
Anaemia develops gradually. Due to loss of plasma proteins, 
oedema develops in the legs, hands and face. Ketosis develops 
and death occurs due to coma.

U N D E R N U T R I T I O N

ITdernutrition is due to inadequate calorie intake. It occurs 
in many individuals in developing countries, due to poverty, 
diseases etc. The effects of undernutrition are (1) loss of body 
weight (2) emaciation due to loss of tissue proteins and adipose 
tissue (3) reduction in plasma proteins leading to the develop­
ment of oedema and (4) general weakness, apathy and lad* of 
interest in surroundings. Severe undernutrition causes the 
condition known as marasmus which has already been discussed 
in Chapter 4 in this volume. The effects of undernutrition on 
adults have been studied in two experiments vis. (i) The 
Carnegie experiment and (ii) The Minnesota experiment. The 
results of these studies arc briefly discussed below:

Effects of moderate calorie deficiency
The Carnegie experiment: These studies were carried out by 

Benedict and co-workers (1919). The object of these studies was 
to effect a reduction of 10 per cent of body weight in a period of 
5 weeks. It was believed tliat such a study will yield data simul- 
lating semi-starvation conditions without causing any discom­
fort and disability to the individuals. Twelve healthy young 
adult males whose normal calorie intake was about 3100 Kcal/ 
day were fed on diets providing 1600-1800 Kcal/day for 5 weeks. 
The diets were adequate in other nutrients. During tliis period, 
they lost about 10 per cent of their body weight on an average. 
From the sixth week onwards, the caloric intake was increased 
to 1970 Kcal/day. On these diets, the subjects maintained their 
body weight at a stationary level for several months. Their 
general health and mental state had, how^ever, deteriorated to a 
considerable extent. The subjects were weak and got tired 
easily. They were unable to w'ork hard or work for long periods. 
This chronic state of undernutrition decreased the basal meta­
bolic rate. They had no initiative or interest in doing w'ork. 
A vicious circle was thus established in which undernutrition



led to weakness which, in turn, aggravated the degree of mal­
nutrition due to inaction.

The Minnesota experiment: This study was carried out by 
Keys and co-workers (1950). Thirty-two healthy young adult 
males W'hose average daily energy requirement was about 3490 
Kcal served as experimental subjects. They were fed on a diet 
providing 1570 Kcal for 24 weeks. The diets ŵ ere adequate in 
other nutrients. They lost on an average 25 per cent of their 
body weight. The subjects were emaciated due to loss of adipose 
tissue and muscle. The skin became rough, thin and pigmented. 
Oedema appeared after 12 weeks. Tolerance to heat was in­
creased while tolerance to cold was decreased. They w'ere very 
weak and evinced no interest in doing any work. The subjects 
complained of hunger immediately after consuming food, as 
the food eaten did not meet the calorie needs. Data regarding 
the changes in weight and blood constituents are given in Table 
23.4. The effect of varying calorie intakes on nitrogen balance 
in adult human subjects is given in Table 23.5.

Table 23.4 C h an ges in  w e ig h t  a n d  b lood  c o n stitu e n ts  in  adu lt  
m a le s  d u e  to u n d ern u tr itio n

C onstituent In itial After 24 weeks 
Sem i-starvation

Calorie intake (Kcal/day) 3490 1570

Body weight (kg) 70 52.5

Body fat (kg) (Calculated) 9.8 3.0

Haem oglobin (g/lOOml) 15.1 11.7

Plasm a pro tein  (g/100 ml) 6.7 6.0

Plasm a album in (g/100 ml) 4.3 3.9

Plasm a cholesterol (m g/100 ml) 169 151

Basal O 2 consum ption  (m l/m inute) 228 139

Period for w hich work test could be

done (seconds) 242 50

S trength  o f handgrip  (kg) 58 42



Table 23.5 N itr o g en  b a la n c e  in  a d u lt m a le s  on  lo w  c a lo r ie  in tak e

Period
Calorie intake 

(Kcal/day)
N  Intake

(g /d a y )
N

balance
(g/day)

I 894 9.4 -3 .4
II 1296 10.1 -2.1

I I I 1620 11.6 -1 .2
IV 3353 15.2 2.0

Rehgbilitation of under-nourished subjects
The under-nourished subjects from the Alinncsota experi­

ment were placed on well-balanced diets providing progressively 
larger amounts of calories and adequate amounts of other nutrients. 
The general health and oedema improved slowly. Some of 
the subjects complained of flatulence and discomfort in the 
stomach.

Even after rehabilitation for a period of 3 months, the physical 
condition and general health of the subjects were not restored 
to normal levels. The subjects had to be fed for a further period 
of 3 months with well-balanced diets, before they regained their 
physical capacity and general health to the initial pre-experi­
mental levels.
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C hapter 24

INTER-RELATIONSHIP BETWEEN NUTRIENTS

During recent years considerable amount of work has been 
carried out by sev'eral workers on the inter-relationship between 
different nutrients. It has been found that excess or deficiency 
of certain nutrients affects the requirements of some other 
nutrients. The different aspects are discussed under the follow­
ing heads: (/) Protein-energy inter-relationship {ii) Hormones 
and protein metabolism (m) Effect of carbohydrates, fats and 
proteins on vitamin requirements {iv) Vitamin-vitamin inter­
relationship (t') Vitamin-mineral inter-relationship and [vi) Mine­
ral-mineral inter-relationship.

Protein-energy inter-relationship
Restriction in calorie intake causes breakdown of tissue 

proteins and negative nitrogen balance. If the calorie rest­
riction is severe, the animal body is depleted of depot fat and 
catabolism of tissue proteins continues, eventually leading to 
the death of the animal. The extent to which protein is cata- 
bolised for energy purposes under conditions of calorie restric­
tion has been studied by some workers. The results (Morrison 
and Narayana Rao, 1967) given in Table 24.1 indicate that 
when the calorie restriction was 50 per cent of the requirements, 
about 74 per cent of the dietary protein was oxidised and used to 
meet energy needs and only 20 per cent of the dietary protein 
was used to meet the protein needs of the body.

Table 24.1 T he e ffe c t o f  e a lo r ie  res tr ic tio n  o n  th e  u tilisa tio n  
o f  d ie ta ry  p ro te in  in  rats

Calorie
intake

(Kcal/day)

T otal
protein  intake 

(g/10 days)

Protein used for 
caloric needs 

(g) (% ) of intake
N P U

32 9.96 3.14 31.5 59.3
24 9.78 4.60 47.0 44.8
16 10.00 7.36 73.6 19.8



Effect of calorie restriction on protein content of the body: 
The elfect of calorie restriction on the protein content of the 
body and liver of albino rats has been studied by some workers. 
The results have shown that both the protein contents of the 
body and liver are reduced when tlie calorie intake is restricted 
to 50 per cent when the protein intake was aliout Ig/clay/rat.

Effect of carbohydrate and fat on protein metahulism: A 
difference in the effects of equicalorie amounts of carbohydrates 
and fats as a source of calories on protein metabolism has been 
demonstrated in fasted rats (Table 24.2). Administration of 
carbohydrate brought about a marked reduction in the catabolism 
of tissue proteins as seen by decrease in the urinary N while 
equicalorie quantity ol fat was less efTectivc. (Munro, 1951).

Table 24.2 E ffect o f fe e d in g  carb oh yd rate  or fat on  u rinary  N  
output in  fa stin g  a d u lt rats

D iet during U rinary  N
24 hr. period (m g'24 hrs)

Fasted 135
Glucose (12 g) 9"̂
Olive oil (5 ml) 111

Horm ones and protein m etabolism
Action of anabolic hormones on protein metabolism: Retention 

of N is caused by («i administration of carbohydrates along with 
insulin (/d administration of androgens and (c) administration 
of gjowth hormones.

Acti n of catabolic hormones on protein metabolism: The 
catabolic hormones include thyroxine, cortisone, estrogens and 
progesterone. These, on administration increase the catabolism 
of tissue proteins and nitrogen loss in urine.

Fat and galactose inter-relationship
Incorporation of lactose or galactose in large amounts in a 

fat-free diet produces diarrhoea and cataract in rats. These 
have been prevented by the addition of fat in the diets. It has 
been shown that fat helps in the utilization of galactose.



Amino acid inter-relationship
The presence of excessive amounts of certain amino acids 

ma)' cause depression in tiic growth of rats and may produce 
toxic effects. Tlircc types of effects riz\ (/) amino acid imbalance 
(a) amino acid toxicity and (in) amino acid a.niagonism have 
been observed. These have been discussed in Chapter A in 
this Volume.

EflFect o f carbohydrates, fats and proteins on vitam in  
requirements

Dietary carbohydrates, fats and proteins influence the re­
quirements of some vitamins. These are discussed below:

Thiamine: Carbohrdrates present in the diet require 
thiamine for their metabolism, as thiamine pyrophosphate is a 
coenzyme for the oxidative decarboxylation of pyruvic acid, a 
breakdown product of carhohy^drate. Thiamine is not required 
for the oxidation of fat. Hence, the presence of excess fat in 
diet decreases, whi,e the presence of excess carbohydrates in­
creases thiamine requirements.

RiboJIavin: The riboflavin requirements have been found to 
be proportional to the protein content of the diet in experi­
mental animals.

Nicotinic acid: Tryptophan present in proteins is converted 
to niacin in the body. A part of the niacin requirements is met 
by the above process. Hence, proteins rich in try^ptophan can 
serve as a source of nicotinic acid.

Pyridoxine (Vitamin B̂ i): The requirements of vitamin 
are influenced by both the quantity and quality of dTtary 
proteins and fats. The pyridoxine requirements a; i directly 
proportional to the protein content of the diet. Supplementation 
of the dietary proteins with methionine or glycine increases 
pvridoxine requirements. On the other hand, addition of essential 
fattv acids to a low pyridoxine diet, offers protection against the 
development of the deficiency signs due to pyridoxine deficiency 
in albino rats.

Vitamin A  a?id carotene: It has been reported that the 
mobilisation of the vitamin A stores in liver is directly proportional 
to the protein content of the diets, low protein diets helping to



maintain the liver stores for longer periods. The absorption of 
j3 and y-carotenes (provitamin Aj requires fat. In the absence 

of fat in the diet, they are not absorbed. Rancid fats destroy 
the vitamin A and /?-carotene present in the diet.

Choline: Administration of choline enables the rat to utilize 
homocystinc for growth in place of methionine. It has been 
shown that methyl group is transferred from choline to homo- 
evstine leading to the formation of methionine and vice-versa. 
Vitamin and folic acid are involved in the above reactions.

Intestinal synthesis of B-vitamins: It has been found that 
intestinal synthesis of certain B-vitamins takes place in certain 
experimental animals. The quantity of vitamin synthesised 
depends on the nature of carbohydrate in the diet. Dietary 
fat has been reported to inhibit the intestinal svnthesis of ribo- 
ilavin and folic acid in the rat. Children fed high carbohydrate 
diet excrete more riboflavin in the urine than those fed low carbt)- 
hydrate diets, when the intakes of proteins, calories and vitamins 
are the same in the two groups.

Vitamin-vitamin inter-relationship
Inter-relationship between various vitamins has been studied 

by several workers and is discussed below:
Vitamins A, E and K: It has been shown that albino rats 

fed on a vitamin K deficient diet develop signs of vitamin K 
deficienev when vitamin A intake is increased. Considerable 
amount of work has been carried out by different workers on 
the role of vitamin E in influencing storage and mobilisation of 
vitamin A in liver. Administration of vitamin E helps to increase 
the storage of vitamin A in liver.

Ascorbic acid and other vitamins: The albino rat can synthesise 
ascorbic acid. This synthetic capacity, hov'ever, is diminished 
considerably in thiamine and riboflavin deficiencies. This indi­
cates that both these vitamins play an important role in the 
biosynthesis of ascorbic acid. A depletion of the ascorbic acid 
content of tissues of rats occurted when the animals were fed on 
diets deficient in vitamin A or thiamine or riboflavin.

Thiamine and other vitamins: Thiamine deficiency is often 
accompanied by disturbance of riboflavin metabolism, causing 
considerable excretion of riboflavin in urine.



Vitamin and other vitamins: The absorption and storage 
of vitamin B, are adversely affected in rats fed on vitamin 
deficient diets. Administration of thiamine, riboflavin and panto­
thenic acid offered partial protection from spontaneous seizures 
in experimental animals led vitamin B̂. deficient diet.

Pantothenic acid and other vitamins: A deficiency of panto­
thenic acid affects adversely the mobilisation of riboflavin from 
the liver. Administration of pantothenic acid to deficient animals, 
increases the mobilisation of riboflavin from liver and raises the 
levels of riboflavin in blood.

Niacin and other vitamins: The livers of rats fed on thiamine 
deficient or riboflavin deficient diets contained smaller amounts 
of niacin than normal controls. Treatment of pellagra with niacin 
precipitates symptoms of thiamine and riboflavin deficiencies, 
indicating that niacin deficiency is accompanied by secondary 
deficiencies of thiamine and riboflavin.

Folic acid and other vitamins: For the conversion of folic 
acid to folinic acid (Citrovorum factor), vitamin B̂  ̂ is essential. 
Folic acid therapy of patients suffering from sprue, causes an 
increase in plasma vitamin E content.

Vitamin and folic acid: Vitamin Bj  ̂ deficiency causes a
rise in unconjugated folates and a marked depletion of intracel­
lular conjugated folates.

Vitamin-mineral inter-relationship
Certain vitamins influence the metabolism of some minerals.
Vitamin D in calcium and phosphorus metabolism: In vitamin 

D deficiency, the absorption of calcium and phosphorus from 
the intestines is very low. Administration of vitamin D corrects 
the defect.

Ascorbic acid and iron: Ascorbic acid reduces ferric iron 
to ferrous iron and thus helps in the absorption of iron.

Vitamin E and selenium: An organic compound of selenium 
(known as factor 3) appears to function in the same way as vitamin 
E in preventing necrosis of the liver in animals fed on low protein 
diets. It also prevents lipid peroxidation occurring in tissues 
of vitamin E deficient animals.



M ineral-m ineral inter-relationship
Studies carried out by several workers hav'c shown that 

certain minerals affect the mctaholisni of otlier minerals.
Copper and Iron: Copper is .■.■■ential for the incorporation 

of iron in haemoglobin.
Calcium, Magnesium, Iron and Phosphonis: The presence of 

e.xcess of calcium in the diet affects adver.scly the intestinal 
absorption of phosphorus and vice-versa. Presence of excessive 
amounts of phosphates and pliytates in the diet interferes with 
the absorption of magnesium and iron.

Copper arid Molybdenum: The presence of excess of molyb­
denum prevents the absorption of dietary copper and causes 
copper deficiency in experimental animals.

R E F E R E N C E S

M orrison, A. B. and N arayana Rao, M . in ‘W orld Rev. of N u tr. and D ietetics’, 
7, 204 (1967).

M unro, H . N . Physiol R ev., ?i\, 449, (1951).
Shem ian , H. C., ‘V itam ins and H orm ones’, 8, 55, .\cadem ic Press, New York, 

(1950).



ENERGY AND PROTEIN REQUIREMENTS

The report of tJ\c Joint FAO/WITO J d  hoc Expert Coniniittee 
on ‘Em r2;v and Protein requirements’ has recently been pu'Dlish.ed 
(FAO/WPIO 1973). The recommendations of the Committee 
are summarized in this Chapter.

E n k r g y  R e q u ir e m e n t s

The Committee defined energy requirements as ‘Tlte energy 
intake that is considered adequate to meet the energy needs of 
the average healthy person in a specified agc/se.x category’. 
The energy requirements of individuals are influenced by the 
following factors {a) Physical activity [h) Body size and com­
position [c) Age and {d) Climate and other ecological factors.

Infants
The energy requirements of infants during the first 6 months 

of life can be estimated from the observed intakes of breast milk 
by healthy infants from healthy mothers. An intake of 850 ml 
of human milk per day will provide on an average 120 Kcal per 
day during the first 3 months. From the 3rd month to 6th 
month, the energy intake from breast milk is slightly less. After 
6 months of age, the quantity of breast milk secreted will be 
inadequate to meet the energy needs of the infant. The average 
energy requirements of the infant are shown in Table 25.1.

Table 25.1 E nergy r eq u irem en ts  o f  in fan ts

Ago Kcal per her.

< 3  nionths 120
3-5 rnoiuhs 115
6-8 m onths 110
9-11 m onths 105
Average du ring  first year 112



Children and adolescents
The energy requirements of children and adolescents arc 

given in Table 25.2. The figures given in the Tabic are based 
on actual energy consumption data obtained with active liealthy 
children in U.S.A. and U.K. whose growth rates have been 
found to be normal.

Table 25.2 E nergy req u irem en ts  o f  c h ild r e n  an d  a d o le sc e n ts

M ales Fem ales
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< 1 7.3 112 820 7,3 112 820
1 11.4 103 1180 11.1 106 1180
2 13.6 100 1360 13.4 100 1350
3 15.6 100 1560 15.4 99 1520
4 17.4 99 1720 17.5 96 1670
5 20.7 91 1870 20.0 90 1790
6 23.2 87 2010 22.4 85 1900
7 25.9 83 2140 25.0 80 2010
S 28.6 79 2260 27.6 76 2110
9 31.3 76 2380 30.4 73 2210

10 33.9 74 2500 33.8 68 2300
11 36.7 71 2600 37.7 62 2350
12 40.2 67 2700 42.4 57 2400
13 45.5 61 2800 47.0 52 2450
14 51.7 56 2900 50.3 50 2500
15 56.6 53 3000 52.3 48 2500
16 60.3 51 3050 53.6 45 2420
17 62,4 50 3100 54.2 43 2340
18 63.7 49 3100 54.6 42 2270
19

R eference adult
65.0 47 3020 55.0 40 2200

(m oderately active) 65.0 46 3000 55.0 40 2200

Adults
The Committee expressed the energy requirements of adults 

in terms of ‘Reference man’ and ‘Reference woman’ doing mode­



rate work. The definitions of ‘Reference man’ and ‘Reference 
woman’ given by the Committee are reproduced below.

Reference man: He is between 20 and 39 years of age and 
weighs 65 kg. He is healthy, that is, free from disease and 
pliysically fit for active work. On each working day, he is 
employed for 8 hours in an occupation that usually involves 
moderate activity. When not at work, he spends 8 hours in 
bed, T 6  hours sitting or moving around in only very light 
activity and 2 hours in walking, in active recreation, or in house­
hold duties.

Studies on energy expenditure and food intake of moderately 
active healthy adult males with an average weight of 65 kg show 
that 3000 Real per day (12.5 MJ) adequately cover this average 
expenditure and this figure is taken as the requirement.

Reference toovian: She is between 20 and 39 yeais of age, 
similarly healthy, and weighs 55 kg. She may be engaged for 
8 hours in general household work, in light industry, or in other 
moderately active work. Apart from 8 hours in bed, she spends 
A-6 liours sitting or moving around in only very light activity 
and 2 hours in walking, in active recreation, or in household 
duties.

Studies on the energy expenditure and food intake of such 
women show that 2200 Real per day (9.2 AIJ) cover average 
energy expenditure and this figure is taken as the requirement.

Effect o f physical activity on energy requirem ent
The energy requirements of ‘Reference man’ and ‘Reference 

woman’ for varying degrees of physical activity are given in 
Tables 25.3 and 25A.

The energy requirements of ‘Reference man’ engaged in 
various types of physical activity are as follows: Light activity 
2700 Real; moderately active 3000 Real; very active 3500 Real; 
exceptionally active 4000 Real. The corresponding values for 
‘Reference woman’ are 2000 Real, 2200 Real, 2600 Real and 
3000 Real respectively.

Adjustment for body weight
The energy requirements of adults of varying body weight 

and engaged in varying degrees of physical activity are given in.



Table 25.3 Illu stra tio n s o f  h o w  th e  e n e r g y  e x p en d itu re  o f  th e  
65-kg r e fe re n c e  m a n  m a j’ be d istr ib u ted  ov er  the 24 hours an d  

th e  e ffe c t  o f  o ccu p a tio n

aefi- M oderntclv \ ' erv active Kxctntionailv
vitv

(Kcal) (Kcal)
(Kcal)

“(Kcal)

In  bed (S hours) .^00 500 500 500

At w o r k  (8  IiO L irs) 1100 1 too 1900 2400

N on-occupational acti-
vities (8 hours) 700-1500 700-1500 700-1500 700-1500

Ranr^c of energy ex-
p end itu re  (24 hours) 2300-3100 2000-3400 3100-3900 3600-4400

M ean (2+ hours) 2700 3000 3500 4000

M ean (per kg body \vt) 42 40 54 62

Table 25.4 Illu stra tio n s o f  h o w  th e  e n e rg y  ex p en d itu re  of the  
55-kg r e fe re n c e  w o m a n  m a y  be d istr ib u ted  over  the 24 hours and  

th e  e ffe c t  o f  o ccu p a tio n

L ight acti- 
vin- 

(Kcal)

M odoratcly
active
(Kcal)

W rv  active 
(Kcal)

Exceptionally
acti\*c

(Kcal)

Tn bed (S hours) 420 420 420 420

A.t work (S hours) 800 1000 1400 ISOO

N on-occupational 
activities (8 hours) 580-980 580-980 5S0-9S0 580-981'.'

Range of enert^y ex­
penditu re  (24 hours) lSOO-2200 2000-2400 2400-2700 2800-3200

M ean (24 liours) 2000 2200 2600 3000

]\ lean (per kg body wt) 56 40 47 53

Tibles 25.5 and 25.6. The Cnnnnittce expressed cnercT*̂  re-
quirements, in proportion to body wciplit as in the case of protein.



Table 25.5 T h e  e lf e c ts  o f  b o d y  w e ig h t  a n d  o c c u p a tio n  o n  e n e rg y  
r e q u ir e m e n ts  o f  m e n

B ody weight

(Kg)

L ight acti­
vity 

fKcf!)

M oderately
actii'u
(Kcal)

Very active 
(Kcal)

Exceptionally
active
(Kcal)

50 2100 2300 2700 3100

55 2310 2530 2970 3410

60 2520 2760 3240 3720

65 2700 3000 3500 4000

70 2940 3220 3780 4340

75 3150 3450 4050 4650

80 3360 3680 4320 4960

Table 25.6 T h e  e f fe c ts  o f  b o d y  w e ig h t  a n d  o c c u p a tio n  o n  e n e rg y  
r e q u i r e m e n ts  o f  w o m e n

Body weight

(Kg)

i ,iglit c.cti- 
VI ty 

(Kcai)

M oderately
active
(Kcal)

W tv active 
(Kcal)

Exceptionally
active

(Kcal)

40 1440 1600 1880 2200

45 1620 1800 2120 2480

50 1800 2000 2330 2750

55 2000 2200 2600 3000

60 2160 2400 2830 3300

65 2340 2600 3055 3575

70 2520 2800 3290 3850

Effect of age on energy requirem ents
The energy expenditure of aduit, will decrease gradually 

as age advances due mainly to decline in physical activity. Energy 
requirements of moderately active adults of varying ages are 
given in Table 25.7-



T d b le  25.7 A vera ge  en erg y  req u irem en t o f  m o d e ra te ly  a ctiv e  
adults o f  r e fe re n c e  b o d y  w eigh t at d ifferen t ages

Age (years) 65-1st; mini 
(Kcdl)

55-ko: woman 
(Kcal)

% of rcrcrencc adult 
(Kcal)

.10-39 3000 2200 iOO
40-49 2850 2090 95
50-59 2700 19S0 90
60-69 2400 1760 80
70-79 2100 1540 70

Energy req u irem en ts  during  p regnancy  and  lactation
The Committee recommended an additional allowance of

80,000 Kcal for the entire pregnancy distributed as follows: 
(z) 150 Kcal/day in the first trimester and (ii) 350 Kcal/day in 
the 2nd and 3rd trimesters. The Committee has estimated the 
additional requirements, during the first h months of lactation 
as 100,000 Kcal or about 550 Kcal per day.

P r o t e in  R e q u ir e m e n t s

The Committee expressed the protein requirements in terms 
of egg or milk proteins. The Committee defined ‘safe level of 
protein intake as the amount necessary to meet the physiological 
needs and maintain the health of nearly all the individuals in a 
specified age/sex group’.

The Committee followed two procedures in arriving at the 
protein requirements, (z) The factorial method in which the obli­
gatory nitrogen losses and N-required for growth, pregnancy 
and lactation are estimated and (z'z) Measurement of minimum 
protein intake required for satisfactory growth and N-balance in 
infants and children and X-equilibrium in adults.

E stim ation  of n itrogen  req u irem en ts  by the factcirial 
m ethod
{a) Obligatory N-losses. The Committee estimated the total 

obligatory nitrogen losses through faeces, urine, skin, and other 
miscellaneous routes in adult men as 2.0 mg N/ basal Kcal 
(Table 25.8).



T a b le  25.8 O bligatory  n itrogen  losses  in  adu lt m e n  on  a p rote in -free  d iet

R oute N  per kg of body 
^veight 

(mg)

N  per Kcal of 
basal energy 

(mg)

U rine 37 1.4

Faeces 12 0.4

Skin 3 1 0.13
M iscellaneous 2 0.08

T o taP 54 2.0

 ̂ U nder tem perate conditions; under tropical conditions or in heavy 
-work situations th is figure is som ew hat higher.

 ̂ T hese  are approxim ate average figures. Since the  co-efficient of 
variation i.e., (standard deviation divided by the  mean) X 100, is IS per cent, 
a value 30 per cent larger should encom pass the  losses of nearly all healthy 
persons in  a norm al population.

The Committee used the same figure of 2 mg N per basal 
Kcal foi the total obligatory losses in women, infants and children.

ib) N-requirements for growth: The nitrogen requirements 
for growth of infants and children as estimated by the Committee 
are given in Table 25.9.

N-requirements in pregnancy and lactation: The nitrogen 
accretion in the pregnant woman, estimated by the Committee 
is given in Table 25.10. During the first 6 months of normal 
lactation, the average volume of milk secreted will be 850 ml per 
day. This amount of milk will contain lOg of protein. Hence, 
the average additional N-requirements in lactation will be 1.6g 
per dayu

Safe level of in take of egg or m ilk  proteins
The procedure used by the Committee for calculating the 

safe level of intake of egg or milk proteins was as follows (i) Esti­
mation of the obligatory losses of nitrogen on a protein-free diet 
and the quantities of nitrogen retained in the body during the 
growth of infants and children and during pregnancy and lactation 
in women, and (n) Addition of 30 per cent of the above values to 
allow for the losses in digestion and metabolism of egg or milk 
proteins in the body.



Table 25.9 C o m p u te d  o b lig a to ry  n i tro g e n  lo s s  a n d  n i t r o g e n  in ­
c r e m e n t  fo r  g ro w th  o f  c h i ld r e n

Age Obligatory N  loss‘
(mg/lig/day)

Nitrogen
(mg;'kg/day)

G row th-

T o ta l N  
requirements;^

(m g/kg/day)
M F M F M F

(m onths)
6-8 112 42 154
9-11 n o 26 136
(years)

1 104 16 120

2 100 12 112

3 96 10 106
4 92 8.5 100
5 86 9.5 96
i ) 83 9 92
7 73 8.5 88
S 76 7 83
9 73 1 80

10 72 68 6 9 78 77
11 70 64 7 8 77 72
12 66 60 8 10 74 70
13 62 57 11 7 73 64

l l 59 55 9 4 68 59
15 57 54 6 2 63 56
16 57 54 4 1 61 55
17 56 53 2 1 58 54
A dult 54 49 0 0 54 49

Calculated as 2 m g of N  per basal Kcal. Basal m etabolic rate data 
given in A nnex 4 are from  T albo t (89), w ith values at in term ediate  ages obtained 
by interpolation.

“ W eight increm ent from  data for 50th percentile given in  A nnex I find 
the  com position of gain according to references 87 and  88.

 ̂ T hese  are approxim ate average figures. Co-efficients o f variation 
are assum ed to be 15 per cent for obligatory loss and 10 per cen t for growth, 
so a value 30 per cent higher should encom pass the values o f nearly  all healthy 
indiv iduals in a norm al population.



T a b le  25.10 P r e d ic te d  n itrog en  a cc re t io n  du rin g  p reg n a n cy  
a ssu m in g  that the foetus w e ig h s  3.30 kg at term

Stage of gestation

F irst quarter 
Second quarte r 
T h ird  q uarte r 
F'ourth quarter

N acerelion/dayt
(n.g) ■

80
4U0
740
860

t T hese  are approxim ate average iigures from reference 37. T h e  co- 
efiicient of variation is assum ed to be 1 .S per cent, so a value 30 per cent h igher 
should encom pass nearly all healthy individual in a norm al population.

The values so tibtained are estimates of the average physio­
logical requirements in terms of egg or milk proteins. To 
derive safe levels of protein intake, an allowtutcc is needed for 
individual variations. The eo-efiicient ol variations of mean 
values in human metabolic studies has been found to be approxi­
mately 15 per cent. A value twice that of the co-efficient of 
variation i.e. 30 per cent above the mean would thus meet the 
needs of individual variations and will represent the safe level of 
nitrogen retpiirements. The nitrogen requirements thus obtained 
are converted into protein requirements by multiplying by the 
factor 6.25. Tlic safe levels ol intake of egg or milk proteins 
estimated bv the Committee are given in Tables 25.11 and 25.12.

A djustm ents for the quality  of pro tein  in  the  d ie t
Since the net protein utilization (NPU) values of milk or egg 

proteins are higher than those of proteins of av̂ erage diets 
consumed in different countries, a correction has to be made 
for this variation in the NPU of dietary proteins as shown below:
Dietary protein requirements (g) =

Safe level of intake of NPU of egg or milk proteins
. ^ -----------1-------------- ;-------egg or milk proteins N Pli of dietary proteins

For example, if the NPU of the dietary proteins is 45 and egg
. 90

proteins is 90, the correction factor will be ^  =2.0.



T a b le  25.11 Safe le v e ls  o f  in take o f  e g g  or m ilk  protein s

A B C D

Age T o ta l N - 
requ irem ents

A djusted  N - 
requ irem ents

Safe level o f intake B-f- 
30% excess

(A +  30% excess) N itrogen P ro te ins
(m g/kg/day) (m g/kg/day) (m g/kg/day) (g/kg/day)

(m onths)
3 3841 2.40'

3-6 96' 1.85'
6-9 154 200 260 1.62

9-11 136 177 230 1.44
(years)

1 120 156 203 1.27
2 112 146 190 1.19
3 106 138 179 1.12
4 100 130 169 1.06
5 96 125 162 1.01
6 92 120 156 0.98
7 88 114 148 0.92
8 83 108 140 0.87
9 80 104 135 0.85

M  F M  F M  F M  F

10 78 77 101 100 132 130 0.82 O.SI
11 77 72 100 94 130 122 0.81 0.76
12 74 70 96 91 125 118 0.78 0.74
13 73 64 95 S3 123 108 0.77 0,68
14 68 59 88 77 115 100 0.72 0-62
IS 63 56 82 73 107 95 0.67 0.59
16 61 55 79 71 103 93 0.64 O.SK
17 58 54 75 70 98 91 0.61 0.57
A dult 54 49 70 64 91 83 0.57 0.52

(A) T o ta l n itrogen  requ irem ents; ob ligatory  losses and grow th (m gN /kg/ 
day). (B) A djusted  N  requirem en ts increased  by 30% in accordance \vi:h 
balance and grow th data  (m g N /k g /d ay ). (C) Safe level of intake- (D ) Prote in  = 
N  intake x6.25 (ad justed  req u irem en t +  30% to allow for individual variability).

1 B ased on observed intakes (m ean +  2 stan d ard  deviations) of healthy 
in fan ts.



T a b le  25.12 A d d ition a l req u irem en t o f  e g g  o r  m ilk  prote in s du rin g  
p reg n a n cy  a n d  lactation^

aj 0)S D.•sz
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•G 't i^ N 
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a
_c’S

A djusted N  + 3 0 %  for 
individual variability: 

safe level o f intake t>

S’
1-1ya

S'

o
i-ctx
DC

Pregnancy: 1st quarter 80 104 135 1
2nd quarter 400 520 675 4
3rd quarter 740 960 1250 8
4th  quarter 860 1120 1460 9

L actation; 1st 6 m onths 1600 c 2080 2700 17

a T o  be added to the  predicted safe level o f daily intalce o f egg or m ilk 
p ro te in  derived from  T able  25.11.

b Expressed as egg or m ilk p ro te in ; m ust be  adjusted for quality  of dietary 
p ro tein .

c N itrogen conten t o f m ilk secreted per day.

The safe levels of protein requirements in terms of egg or milk 
proteins and also in terms of diets containing proteins of varying 
qualities i.e. 60 per cent, 70 per cent and 80 per cent relative to 
milk or egg proteins are given in Table 25.13. The calculation 
of the relative protein quality scores is explained below: Example; 
If the NPU value for egg protein is 90 and NPU values obtained 
for diets A, B and C are 72, 63 and 5-1, then the relative protein 
scores of the dietary proteins in terms of egg proteins (score 100) 
will be as follows:

72
Diet A=100 X =  80%

63
Diet B=100 X =  70%

5+Diet C =  100 X  =  60%



Table 25.13 S a fe  le v e l  o f  p r o te in  in  te rm s o f  d ie ts  o f  p ro te in  q u a lit ie s  
o f  60 % 70 % a n d  80 % r e la t iv e  to m ilk  or eg g s

Age group

Safe level o f 
p ro te in  intake 
(egg or m ilk 

Body protein) 
weight (kg)

Score
100

A djusted  level for 
d ietary  p ro te ins of 

different quality

Score!* Score Score 
SO 70 60

(g/kg/day) (g/day) (g /person/day)
In fants

5-11 m onths 9.0 1.53 14 17 20 23

Children
1-3 years 13.4 1.19 16 20 23 27
4-6 years 20.2 1.01 20 26 29 34
7-9 years 28.1 0.88 25 31 35 41

M ale adolescents
10-12 years 36.9 0.81 30 37 43 50
13-15 years 51.3 0.72 37 46 53 62
16-19 years 62.9 0.60 38 47 54 63

Female adolescents
10-12 years 38.0 0.76 29 36 41 48
13-15 jea rs 49.9 0.63 31 39 45 52
16-19 years 54.4 0.55 30 37 43 50
A dult m an 65.0 0.57 37 46b 53b 62b
A dult womaji 55.0 0.52 29 36b 41b 48 b
Pregnant w om an (latter

half of pregnancy) + 9 +  11 +  13 4" 15
L acta ting  w om an (first

6 m onths) 4-17 +  21 +  24 +  28

■1 Scoies are estim ates o f the  quality o f the  p ro tein  usually consum ed 
relative to th a t o f egg or milk. T h e  safe level o f p ro te in  intalte is ad justed by 
m ultip ly ing  it by 100 divided by the  score o f the  food protein , for example, 
100/60 =  1.67 and for a child o f 1-4 years the safe level o f protein intake would 
be 1 6 x1 .67  or 27 g o f p ro tein  having a relative quality  o f 60.

6 T h e  correction m ay over estim ate adu lt p ro te in  requirem ents.

Growth and N-balance studies with infants and children  
and N-balance studies with adults
The Committee considered the available data on the minimum 

milk or egg proteins required for promoting optimal growth



and N-retention in infants and pre-schoo! children and foi main­
tenance of N-equilibrium in adults.

Infants: Studies carried out bv Fomon et al (1971) showed 
that infants receiving cow’s milk formula providing 2.0-1.5 g/kg 
body weieht promoted good growth and optimal N-balance in 
infants aged 1-5 month.s.

Children: Studies carried out by Arroyave (1971) have 
shown that pre-school children (1-3 years) receiving Ig of egg 
protein per kg body weight per day maintained good growth and 
optimal N-balance. Chan and Waterlow (1966) reported that 
weaned infants (6-24 months’) receiving daily 1.25 g cow’s milk 
protein per kg body weight per day showed good growth and 
optimal N-balance. Begum et al (1970) reported that pre-school 
children receiving 2 g of proteins per kg body weight per day on 
diets based on rice and wheat, maintained good growth and 
optimal N retention.

Adults: Brickcr et al (1945) found that adults receiving 
0.42 g of milk protein per kg body weight per day maintained 
N-cquilibrium. Calloway and Margen (1971) found that adults 
maintained N-equilibriuni in a diet providing 0.46 g of egg 
protein per kg body weight per day.

The protein requirements of infants, children and adults 
obtained by direct feeding experiments mentioned above, are in 
accordance with the safe levels of protein intake in terms of 
proteins of milk or egg or of diets of varying protein qualities 
recommended (Table 25.13) by the Joint FAO/WhIO Expert 
Committee.

R E F E R E N C E
F A O /W H O  (1973) ‘Energy and P ro te in  R eq u irem en ts’, R eport of a Jo in t FA O / 

W H O  A d  Hoc. E x p ert C om m ittee. W H O . T ech . Rep. Ser. N o. 322. 
W H O , Geneva.



APPENDICES

Composition o f foods
The chemical composition of foods has been determined bv 

several workers in different countries. The following compi­
lations of food values are widely used: (1) The composition of 
British Foods by McCance and Widdowson (2) The composition 
of American Foods by Watt and Merrill (3) The composition 
of Indian Foods by Aykroyd et al (1963) revised recently by 
Gopalan et al (1971) and (“1) Composition of Foods for Inter­
national use by Chatheld (1949, 195^). The data given in Table 
1 were taken mainly from the booklet ‘Chemical Composition 
of Indian Foods and the Planning of Satisfactory diets ’ by Aykroyd, 
revised by Patwardhan and Ranganathan, Health Bulletin No. 23, 
Government of India (1957).

Amino acid content of proteins
Data regarding the amino acid content of proteins in foods 

are given in the following publications: (1) ."\mino Acid Hand 
Book by Block and Weiss (1956) (2) .Amino acid content of 
Foods by Orr and Watt (1957) (3) Proteins in Foods by 
Kuppuswamy, Srinivasan and Subrahmanyan (1958) and (4) 
Amino acid composition of Foods by Harvey (1970).
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ESSENTIALS OF FOOD AND NUTRITION *

Table 1 A; T h e  c h e m ic a l

N am e of foodstuff
p
5
05

'o

_C
'5
c

1 2 3

Cereals
Bajra or Pearl m illet (Penn ise tum  typhoides) 12.4 11.6
Barley (H ordeum  vulgare) 12.5 11.5
C holam  or K affircorn (Sorghum  vulgare) 11.9 10.4
Ita lian  m illet (Setaria  Italica) 11.2 12.3
M aize, tender (Zea M ays) 79.4 4.3
M aize, dry (Zea M ays) 14.9 11.1
O at meal (Avena sterilis) 10.7 13.6
Pani varagu (C om m on m illet) (Pan icum  m iliaceum ) 11.9 12.5
Ragi (E leusine coracana) 13.1 7.1
Rice, raw hom e pounded  (O ryza sativa) 12.2 8.5
R ice Parboiled , hom e pounded  ,, 12.6 8.5
R ice, raw  m illed ,, 13.0 6.9
Rice, Parboiled, m illed ,, 13.3 6.4
R ice, flakes ,, 12.6 6.6
R ice, puffed ,, 14.7 7.5
Rice, polishings 11.0 13.5
Sam ai (L ittle  m illet) (Pan icum  m iliare) 11.5 7.7
Sanw a m illet (E chinochloa frum antacea) 11.9 6.2
Verm icelli 11.7 8.7
V aragu or kodu m illet (Pospalum  Scorbiculatum ) 12.8 8.3
W heat, flour, w hole (T riticu m  aestivum ) 12.8 11.8
W heat flour, refined 13.3 11.0
W heat bread  (brow n) 40.8 S.O
W heat bread  (w’hite) 42.0 7.0
W heat germ 5.2 29.2

Pulses
Bengal gram , w hole (C icer arie tinum ) 9.8 17.1
Bengal gram  dhal 9.9 20.8
Bengal gram , roasted  (w ithou t o u ter husk) 11.2 22.5
Black gram  dhal (Phaseolus m ungo) 10.9 24.0
Cow gram  (V igna catiang) 12.0 24.6
F ie ld  bean, d ry  (D olichos lablab.) 9.6 24.9
G reen  gram , w hole (Phaseolus aureus Roxb) 10.4 24.0

* T aken  from  th e  H ealth  B ulletin  N o. 23. ‘T h e  n u tritive  value of Ind ian  
Patw ardhan  and S. R an g an a th an —Published  by th e  M anager o f Publications,



CHEMICAL COMPOSITION OF FOODS 

co m p o sitio n  o f  foods* (v a lu e s  p er lOOg.)
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4 5 6 7 8 9 10 11 12 13 14 15

5 .0 1.2 67.1 0.05 0 .35 8.8 360 132 0 .3 3 2.3 0 .25
1.3 3 .9 6 9 .4 0 .03 0 .2 3 3.7 335 10 0 .4 7 4 .7 0.20
1 .9 1.6 7 2 .4 0 .03 0 .2 8 6 .2 349 47 0 .3 7 1.8 0 .13
4 .7 8.0 6 0 .6 0 .03 0 .2 9 6.3 334 32 0 .5 9 0 .7 0.11
0.05 15.1 0.01 0.10 0 .7 82 32 0.11 0 .6 0 .1 7 4

3 .6 2 .7 6 6 .2 0.01 0 .33 2.1 342 90 0 .42 1.4 0 .1 0

7 .6 3.5 62 .8 0 .0 5 0 .3 8 3 .8 3 74 0 0 .5 4 1.1 0 .1 6
1.1 2 .2 6 8 .9 0.01 0 .33 5 .7 336 0 0 .2 0 2.3 0 .18

1 .3 3 .6 7 2 .7 0 .33 0 .2 7 5 .4 331 42 0 .4 2 1.1 0 .1 9
0 .6 0 .6 7 7 .4 0.01 0 .1 7 2.8 349 4 0.21 2 .4 0 .1 6
0 .6 0.2 7 7 .2 0.01 0 .2 8 2.8 348 9 0 .2 7 4 .0 0.12
0 .4 0 .2 79 .0 0.01 0.11 1.0 347 0 0 .0 6 1.2 0 .0 6
0 .4 0.2 7 8 .9 0.01 0 .15 2 .2 345 0 0.21 3 .8 0 .05

1.2 0 .7 77 .5 0 .0 2 0.22 8.0 3 47 0.21 4 .0 0 .05
0.1 0 .3 7 4 .0 0.02 0 .1 6 6 .2 327 •  • • 0.21 4.1 0 .0 4

16.2 4 .3 4 8 .4 0 .07 1.41 3 5 .0 393 0 2 .70 2 8 .0 0 .4 8
4 .7 7 .6 63 .7 0.02 0 .3 6 7.1 328 0 0 .3 0 1.5 0 .09
2 .2 9 .8 65.5 0 .0 2 0 .2 8 2 .9 307 0 0.31 1.5 0 .0 8
0 .4 0 .3 7 8 .4 0 .0 2 0 .0 8 0 .3 357 0 0 .1 9 1.8 0 .05
1 .4 9 .0 65 .6 0 .0 4 0 .2 4 5 .2 308 0 0 .33 2 .0 0 .0 9
1.5 1 .2 7 1 .2 0 .05 0 .3 2 5 .3 348 64 0 .45 5.0 0 .17

0 .9 0 .3 74.1 0 .0 2 0 .0 9 1.0 349 29 0 .12 1.2 0 .0 7

1.1 0.8 4 9 .0 0 .02 0 .2 0 3 .0 238 50 0.21 1.4 0 .07

0 .7 0 .2 5 2 .0 0 .01 0 .0 7 1 .0 238 25 0 .0 4 0 .7 0 .0 4

7 .4 1 .4 53 .3 0 .0 4 0 .85 6 .0 397 64 1 .40 2.9 0 .5 4

5.3 3 .9 61 .2 0 .1 9 0 .2 4 9 .8 361 190 0 .3 0 2 .6 0 .35

5 .6 1 .2 59.8 0 .0 6 0 .33 9.1 372 129 0 .4 8 2 .4 0 .1 8

5 .2 1 .0 58 .9 0 .0 7 0 .31 8 .9 372 129 0 .2 0 1.3 0 .1 5
1 .4 0 .9 60 .3 0 .2 0 0 .3 7 9 .8 350 38 0 .4 2 2.0 0 .3 7
0 .7 3 .8 55 .7 0 .07 0 .4 9 3.8 327 12 0 .50 1.3 0 .20
0.8 1.4 60.1 0 .06 0 .45 2 .0 347 0 0 .5 2 1 .8 0 .16
1.3 4.1 56 .6 0 .1 4 0 .2 8 8 .4 334 94 0 .4 7 2 .0 0 .3 9

Foods and the  p lan n in g  o f Satisfactory  D ie ts’ by W . R . Aykroyd, V. N- 
G o vernm en t of India, D elh i.



T ab le  1 A ; (C ont.)

N am e of foodstuff

tf!
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oi

1 2 3

G reen  gram  dhal 10.1 24.5
H orse gram  (D olichos biflorus) 11.8 22.0
L ath y ru s pea (L athyrus sativus) 10.0 28.2
L en til {Lens culinaris M edic) 12.4 25.1
Peas, dried (Pisum  sativum ) 13.0 19.7
Peas, roasted 9.9 22.9
R ed gram  dlial (C ajanus cajan) 12.2 22.3
Soybean (G lycine M ax. M err.) 8.1 43.2

Leafy vegetables

' Agathi ’ (Sesbania gr.indiflora) 73.1 8.4
A m aranth , tender (A m aranthus tricolor) 85.8 4.9
A m aran th , sp ined (A m aran thus, spinosus) 85.0 3.0
Bamboo, tender shoots (B am busa bam bos) 87.1 3.9
Bengal gram  leaves (C icer a ric tinum ) 77.8 7.0
Brussels sprouts (Brassica oleracea var gem m ifera) 84.6 4.7
C abbage (Brassica oleracea var capitata) 90.2 1.8
C arro t leaves (D aucus Carota) 83.3 5,1
Celery leaves (A pium  graveolens Var. dulce) 81.3 6.0
C oriander (C oriandrum  sativum ) 87.9 3.3
C urry  leaves (M urraya koenigii) 66.3 6.1
D rum stick  leaves (M oringa oleifera) 75.0 6.7
Fenugreek leaves (T rigonella  foenum -graecum ) 81.8 4.9
G arden  cress (L ep id ium  sativum ) 82.3 5.8
‘ G ogu ’ or red sorrel (H ib iscus cannabinus) 86.2 1.7
Ipom oea leaves (Ipom oea rep tans) 90.3 2.9
K hesari Laves (L athyrus sativus) 84.2 6.1
L ettu ce  (L actuca sativa) 92.9 2.1
* M anathakkall ’ leaves (Solanum  nigrum ) 82.1 5.9
M in t {M entha spicate) 83.0 4.8
Parsley (Petroselinum  crispum ) 68.4 5.9
‘ Ponnanganni ’ (A lternan thera  sessilis) 77.4 5.0
R ape leaves (B rassica napus) 81.9 5.1
Safflower leaves (C artham us tinctorius) 89.9 3.3
Spinach (Spinacia  oleracea) 91.7 1,9
Soy leaves (G lycine M ax. M err) 79.5 6.0
W ater cress (N astu rtiu m  officinale) 89.2 2.9
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4 5 6 7 8 9 10 11 12 13 14 15

1.2 0 .8 5 9 .9 0 .07 0.41 8.5 351 49 0 .5 2 2 .4 0 .25
0 .5 5 .3 57.3 0 .28 0 .3 9 7 .6 322 71 0 .42 1.5 0 .2 0
0 .6 2.3 5 5 .9 0.11 0 .5 0 5 .6 342 120 0 .3 9 2 .9 0 .1 7
0 .7 0 .7 5 9 .0 0 .13 0.25 2 .0 343 270 0 .45 2.5 0 .2 0
1.1 4 .5 5 6 .6 0 .07 0 .3 0 4 .4 315 39 0.45 2.3 0 .1 9
1 .4 4 .4 59.1 0 .03 0 .3 6 5 .0 340 18 0 .4 7 2.5 0.21
1.7 1.5 55 .7 0 .14 0 .2 6 8 .8 327 132 0.45 2 .4 0 .19

19.5 3 .7 20.9 0 .2 4 0 .6 9 11.5 432 4 2 6 0.73 3 .2 0 .39

1.4 2 .2 11.8 1.13 0 .0 8 3.9 93 5400 0.21 1.2 0 .0 9 169
0 .5 5 .7 0 .5 0 0 .1 0 2 1 .4 47 5560 0 .03 1.2 0 .3 0 103
0 .3 8.1 0 .8 0 0 .05 22 .9 47 3660 0 35
0 .5 7 .5 0 .0 2 0 .09 0.1 47 0 0 .08 0 .2 0 .1 9 5
1 .4 2 .0 9 .7 0 .3 4 0 .1 2 23.8 79 978 0 .09 0 .6 0 .1 0 61
0 .5 1 .2 8 .0 0 .05 0 .0 8 2.3 55 128 0  05 0 .4 0 .1 6 72
0.1 1 .0 6.3 0 .0 8 0 .05 0 .8 33 1200 0 .06 0 .4 0 .0 9 124

0 .5 1 .9 6 .4 0 .3 4 0.11 8 .8 50 5700 0 .0 4 2.1 0 .37 79
0 .6 1 .4 8 .6 0 .2 3 0 .1 4 6.3 64 3900 0 1.2 0.11 62
0 .6 1 .2 5 .3 0 .1 4 0 .0 6 10 .0 40 6900 0 .05 0 .8 0 .06 135
1 .0 6 .4 1 6 .0 0.81 0 .6 0 3.1 97 7560 0 .08 2.3 0.21 4
1 .7 0 .9 1 3 .4 0 .4 4 0 .0 7 7 .0 96 6780 0 .0 6 0 .8 0 .05 220
0 .9 1 .0 9 .8 0 .4 7 0 .05 16.9 67 2 340 0 .0 4 0 .8 0.31 52
1.0 8 .7 0 .3 6 0.11 28 .6 67 0 .15
1.1 . . . 10 .0 0 .1 8 0 .0 4 5 .4 57 2900 0 .07 1.1 0 .3 9 20
0 .4 1 .2 3.1 0.11 0 .05 3 .9 27 1980 0 .05 0 .6 0 .1 2 137
1.0 2.1 5 .5 0 .1 6 0 .10 7 .3 56 3000 0.01 0 .03 41
0 .3 0 .5 3 .0 0 .05 0 .03 2 .4 23 990 0 .0 9 0 .4 0 .1 2 15
1 .0 8 .9 0.41 0 .0 7 20.5 68 0 .9 0 .5 9 11
0 .6 2 .0 8 .0 0 .2 0 0 .0 8 15 .6 57 1600 0 .05 1.0 0 .1 6 27
1 .0 1 .8 19.7 0 .3 9 0 .2 0 17.9 111 1900 0 .0 4 0.5 O.IS 281
0 .7 2 .8 1 1 .6 0 .51 0 .0 6 16.7 73 1930 0 1.2 0 .1 4 17
0 .4 1.2 5 .9 0 .3 7 0.11 12.5 47 1400 0.01 0 .9 0 .03 65
0 .7 5.1 0 .1 8 0 .0 6 7 .6 40 3540 0 .0 4 0 0 .1 0 15
0 .9 0 .6 3 .4 0 .0 6 0.01 5 .0 30 5 600 0.05 0.5 0 .1 6 28
0 .5 10.8 0 .1 8 0 .19 8 .0 72 . . . 0 .1 6
0 .2 0 .6 4 .9 0 .29 0 .1 4 4 .6 33 2800 0 .1 2 0.8 0 .3 8 13



T ab le  lA :  (C ont.)

N am e of foodstuff
ou
cr.

!XC

u
u

1 2 0

Roofs and Tubers
B eet roo t (Beta vulgaris) 83.8 1.7
C arro t (D aucus carota) 85.0 0.9
C olocasia (Colocasia an tiquorum ) 73.1 3.0
O nion, big (A llium  cepa) 86.8 1.2
O nion, sm all 84.3 1.8
Parsn ips (Pastinaca sativa) 72.4 1.3
Potato  (Solanum  tu berosum ) 74.7 1.6
R adish (Pink) (R aphanus sativus) 90.8 0.6
R adish (W hite) (R aphanus sativus) 94.4 0.7
Sw eet po tato  (Ipom oea  batatas) 68.5 1.2
T ap ioca  (M an iho t esculenta) 59.4 0.7
Y am  (elephant) (A m orphophallus cam apanulatus) 78.7 1.2
Yam (ordinary) (T y p h o n iu m  trilobatum ) 69.9 1.4

Other 7^egctables
A m aranth  stem  (A m aran thus gangeticus) 92.5 0.9
A rtichoke (C ynara scolym us) 77.3 3.6
Ash gourd (B enincasa hisp ida) 96.0 0.4
B itter sjourd (M om ordica  charan tia) 92.4 1.6
B itter gourd (small variety) (M om ordica  charantia) 83.2 2.9
Brinjal (Solanum  m elongena) 91.5 1.3
B road beans (V icia faba) 82.4 4.5
Calal-)ash cucum ber (L agenaria  siceraria) 96.3 0.2
Cauliflow er (Brassica oleracea bo trv tis) 89.4 3.5
‘ C ho-cho ’ m arrow  (Sech ium  edule) 92.5 0.7
C luster beans (C yam opsis tetragonoloha) 82.5 3.7
C ucum ber (C ucum is sativus) 96.4 0.4
D ouble beans (Faba vulgaris) 73.8 8.3
D rum stick  (M oringa oleitera) 86.9 2.5
F rench  beans (Phaseolus vulgaris) 91.4 1.7
Jack, ten d er (A rtocarpus hetero-phyllus) 84.0 2.6
Jack fru it seeds (A rtocarpus h e te ro p h y llu s) 51.6 6.6
‘ Kovai ’ fru it, ten d er (C occin ia  cordifolia) 93.1 1.2
K nol-khol (Brassica caulorapa) 92.1 1.1
L adies fingers (A belm oschus esculcntus) 88.0 2.2
Leeks (A llium  p orrum ) 78.9 1.8



0.1 1.2 3 .5 0 .26 0.03 1.8 19 260 0 .01 0 .18 10
0.1 1 .2 16.0 0 .12 0 .1 0 2.3 79 37 0 .23 0.01 0
0.1 0 .8 3 .2 0 .03 0 .0 2 0 .5 15 0 0 .0 6 0 .4 0.01 1
0 .2 0 .8 4 .2 0 .0 2 0 .0 7 2 .2 25 125 0 .0 7 0 .5 0 .09 88
1.0 1 .7 9 .8 0 .05 0 .1 4 9 .4 60 125 0 .0 7 0 .4 0 .06 96
0 .3 1.3 6 .4 0 .0 2 0 .0 6 1.3 34 75 0 .05 0 .8 0 .10 12
0.1 2 .0 10.0 0 .05 0 .0 6 1.6 59 10 0-08 0 .8 12
0.1 0 .4 2 .9 0 .0 2 0.01 0 .7 13 0 0.03 0 .2 0.01 7
0 .4 1 .2 5 .3 0 .0 3 0 .0 6 1.3 39 38 0 .1 0 0 .9 0 .10 66
0.1 0 .6 6.3 0 .1 4 0 .03 0 .6 29 0 0 0 .3 0 .0 4 4
0 .2 2 .3 9 .9 0 .13 0.05 5 .8 56 200 0 .0 9 0 .6 0 .03 49
0.1 0 .4 2 .8 0 .01 0 .03 1.5 14 0 0 .03 0 .2 0.01 7
0.3 4 .3 12.3 0 .0 4 0 .1 4 2.3 85 22
0.1 4 .8 3 .7 0 .03 0.11 5.3 26 n o 0 .05 0.2 0 .07 120
0.1 1.8 4 .5 0 .05 0 .03 1.7 26 130 0-08 0.3 0 .06 24
0.3 2 .8 9 .4 0 .03 0 .0 4 1 .7 51 0 0 .05 0 .2 0 .0 4 14
0 .4 1.5 38 .4 0 .0 5 0 .13 1.2 184
0.1 1 .6 3 .5 0 .0 4 0.03 1.4 20 160 0 .0 7 0 .7 0 .08 15
0 .2 1.5 5 .9 0 . ti2 0 .0 4 0 .4 30 36 0 .05 0.5 0 .0 9 85
0 .2 1 .2 7 .7 0 .0 9 0 .0 8 1.5 41 58 0 .0 7 0 .6 O.IO 16
0.1 1.3 17.2 0 .0 5 0 .0 7 2.3 77 30 0 .23 11
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4 5 6 7 8 9 10 11 12 13 14 15

0.1 0 .8 13 .6 0 .2 0 0 .0 6 1 .0 62 0 0 .0 4 0 .4 0 .09 10
0 .2 1.1 10 .7 0 .0 8 0 .05 1.5 47 1890 0 .0 4 0 .4 0 ,0 2 3
0.1 1.7 22.1 0 .0 4 0 .1 4 2.1 101 40 0 .0 9 0 .4 0 .03
0.1 0 .4 11.6 0 .1 8 0 .0 5 0 .7 51 15 0 .0 8 0 .4 0.01 11
0.1 0 .6 13.2 0 .0 4 0 .0 6 1 .2 61 25 0 ,0 8 0 .5 0 .02 2
0.3 1 .7 23 .2 0 .05 0 .0 4 0 .4 101 18 0 .0 6 0 .4 0 .05 16
0.1 0 .4 22 .9 0 .01 0.03 0 .7 99 24 0 .1 0 1 .2 0.01 17
0 .3 0 .6 7 ,4 0 .05 0 .0 2 0 ,5 35 5 0 .0 6 0 .4 0 .0 2 17
0.1 0 .8 4 .2 0 .05 0 .03 0 .4 21 5 0 ,0 6 0 .5 0 .02 15
0 .3 0 .8 31.0 0 .0 2 0 .0 5 0 .8 132 10 0 .0 8 0 .7 0 .0 4 24
0 .2 0 .6 38 .7 0 .05 0 .0 4 0 .9 159 0 .05 0.3 0 .10 25
0.1 0 .8 18 .4 0 .05 0 .0 2 0 .6 79 260 0 .0 6 0 .7 0 .07 0
0.1 1 .0 2 7 .0 0 .0 6 0 .0 2 1.3 115 78 0 .0 7 0 .7



T ab le  1 A; (C ont.)

N am e of foodstuff
OU

T',

3
.£
O

1 2 3

M ango, green (M angifera indica) 90.0 0.7
Ind ian  gooseberry (E m blica officinalis) 81.2 0.5
O nion stalks (A llium  cepa) 87.6 0.9
‘ Parw ar^ (T richosan thes dioica) 92.3 2.0
Peas E nglish (P isum  sativum ) 72.1 7.2
P lan ta in  flower (M usa sapientum ) 90.2 1.5
P lan ta in , green (M usa sapientum ) 83.2 1.4
P lan ta in , stem  (M usa sap ien tum ) 88.3 0.5
Pum pkin  (C ucurb ita  m axim a) 92.6 1.4
R h u b arb  stalks (R heum  rhapon ticum ) 92.7 1.1
R idge gourd (Luffa acutangula) 95.4 0.5
W aterch est-n u t (T rap a  bispinosa) 70.0 4.7
Snake-gourd  (T richosan thes anguina) 94.1 0.5
‘S undakai’ dry (Solanum  torvum ) 12.3 8.3
Sw ord beans (Canavalia gladiata) 88.6 2.7
‘T in d a ’ tender (C irtru llu s vulgaris) 92.3 1.7
T om ato , green (L ycopcrsicon  esculentum ) 92.8 1.9
T u rn ip  (Brassica rapa) 91.1 0.5
V egetable m arrow  (C u cu rb ita  pepo) 94.8 0.5

N u ts  (uid oilseeds
A lm ond (P runus am ygdalus) 5.2 20.8
Cashevvnut (A nacardium  occidentale) 5.9 21.2
C oconut, fresh  (Cocos nucifera) 36.3 4.5
C oconut, dry 3.5 6.6
G ro u n d n u t (A rachis hypogea) 7.9 26.7
G ro u n d n u t, roasted  (Arachis hypogea) 4.0 31.5
L inseed  seeds (L inum  usitatissim um ) 6.5 20.3
M u sta rd  seeds (Brassica nigra) 8.5 22.0
P istachio  n u t (P istacia vera) 5.6 19.8
Sesam e seeds (Sesam um  indicum ) 5.1 18.3
W alnu t (Juglans regia) 4.5 15.6

Condiments, Spices, Etc.
‘A risith ipp ili’ (P iper clusii) 12.5 13.2
A safoetida (Ferula foetida) 16.0 4.0
C ardam om  seeds (E le tta ria  cardam om um ) 8.3 10.3
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4 5 6 7 8 9 10 11 12 13 14 15

0.1 1.2 8.8 0.01 0.02 4.5 39 90 0.04 0.2 0.01 3
0.1 3.4 14.1 0.05 0.02 1.2 59 0.03 0.2 600
0.2 1.6 8.9 0.05 0.05 7.5 41 600 0 0.3 0 03 17
0.3 3.0 1.9 0.03 0.04 1.7 18 155 0.05 0.5 0.06 30
0.1 4.0 19.8 0.02 0.08 1.5 109 83 0.25 0.8 0.01 9
0.2 1.9 5,0 0.03 0.05 0.1 28 27 0.05 0.6 0.02 16
0.2 0.7 14.7 0.01 0.03 0.6 66 30 0.05 0.3 0,02 24
0.1 0.8 9.7 0.01 0.01 1.1 42 0 0.02 0.2 0.01 7
0.1 0.7 5.3 0.01 0.03 0.7 28 50 0.06 0.5 0.04 2
0.5 0.3 3.7 0.12 0.01 2.2 24 37
0.1 0.5 3.7 0.04 0.04 1.6 18 33 0.07 0.2 0.01 5
0.3 23.9 0.02 0.15 0.8 117 20 0.05 0.6 0.07 9
0.3 0.8 4.4 0.05 0.02 1.3 22 100 0.04 0.3 0.06 0
1.7 17.6 55.0 0.37 0.18 22.2 269 450 0
0.2 1.5 6.4 0.06 0.04 2,0 38 24 0.08 0.5 0.08 12
0.1 1.0 5.3 0.02 0.03 0.9 29 13 0.04 0.3 O.OS 18
0.1 4.5 0.02 0.04 2.4 27 190 0.07 0.4 0,01 31
0.2 7.5 0.03 0.04 0.4 34 0 0.04 0.5 0.04 43
0.1 0.8 4.3 0.01 0.03 0.6 20 0 0.02 0.4 0 18

S8.9 1.7 10.5 0.23 0.49 3.5 655 0 0.24 4.4 0.57 0
46.9 1.3 22.3 0.05 0.45 5.0 596 60 0.63 1.2 0.19 0
41.6 3.6 13.0 0.01 0.24 1.7 444 0 0.05 0.8 0.10 7
62.0 3.9 22.6 0.02 0.16 3.6 628 0 0.08 3.0 0.04 1
40.1 3.1 20.3 0.05 0.39 1.6 549 37 0.90 14.1 0.30 0
39.8 3.1 19.3 0.05 0.44 0.3 561 0 0.39 22,1 0.13
37.1 4.8 28.8 0.17 0.37 2.7 530 30 0.23 1.0 0.07
39.7 1.8 23.8 0.49 0.70 17.9 541 160 0.65 4.0 0.26 0
53.5 2.1 16.2 0.14 0.43 13.7 626 140 0.67 2.3 0.28 0
43.3 2.9 25.2 1.45 0.57 10.5 564 60 1.01 4.4 0.34 0
64.5 2.6 11.0 0.10 0.38 4.8 687 10 0.45 1.6 0.40 0

4.7 5.2 58.4 0.46 0.28 13.5 329 0
1.1 4.1 67.8 0.69 0.05 22.2 297 4 0 0.3 0.04 0
8.3 9.2 48.9 0.13 0.16 5.0 244 0 0.22 0.8 0.17 0
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T ab le  lA :  (C ont.)

N am e of foodstuff
o
U

'5
w
o
Ui

Cu

1 2 3

C hillies, green (C apsicum  frutescens) 82.6 2.9
C hillies, dry (C apsicum  frutescens) 10.0 15.9
CJoves, dry (Syzygium  arom aticum ) 23.3 5.2
C oriander seeds (C oriandrum  sativum ) 11.2 14.1
C um in  seeds (C um inum  cym inum ) 11.9 18.7
Fenugreek  seeds (T rigonella  foenum  graecum ) 13.7 26.2
G arlic  (Allium sativum ) 62.8 6.3
O inger, fresh (Z ing iber officinale) 80.9 2.3
‘K an d an th ip p illi’ (P iper roxburgh ii) 12.2 6.4
L im e peel (C itrus m edica var acida) 66.5 l.S
M ace (M yristica  fragrans) 15.9 6.5
M u sta rd  (Brassica juncea) 8.5 22.0
N utm eg (M yristica  fragrans) 14.3 7.5
O m um  (T rochysperm um  am m i) 8.9 15.4
Pepper, d ry  (P iper n igrum ) 12.9 11.5
T am arin d  pu lp  (T am arin d u s indica) 20.9 3.1
T u rm eric  (C rucum a dom estica) 13.1 6.3

Fruits
Amla or Ind ian  gooseberry (E m blica officinalis) 81.8 0.5
A pple (M alus sylvestris) 85.9 0.3
Banana (M usa Paradisiaca) 61.4 1.3
Bilim bi (A verrhoa bilim bi) 93.9 0.5
Bread fru it (A rtocarpus altilis) 79.5 1.5
Bullock’s h eart (A nona re ticu la ta ) 76.8 1.4
C ape gooseberry (Physalis peruv iana) 82.7 1.8
Cashew  fru it (A nacardium  occidentale) 87.9 0.2
C ustard  apple (A nnona squam osa) 73.5 1.6
D ates, Persian (Phoenix dacty lifera) 26.1 3.0
Figs (F icus carica) 80.8 1.3
G rapes, blue variety  (V itis vinifera) 85.5 0.8
G rapes, pale green  variety 79.2 0.6
G rape  fru it (T riu m p h ) (C itrus parad isi) 92.0 0.7
G rape  fru it (M atsh , seedless) (C itrus paradisi) 88.5 1.0
G uava, coun try  (Psid ium  guajavo) 76.1 1.5
G uava, hill (Psid ium  cattelianum ) 85.3 0.1
Jack  fru it (A rtocarpus heterophyllus) 77.2 1.9
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4 5 6 7 8 9 10 11 12 13 14 15

0.6 6.8 6.1 0.03 0.08 1.2 41 175 0.19 0.5 0.29 111
6.2 30.2 j I.6 0.16 0.37 2.3 246 345 0.93 9.5 0.43 50
8.9 9.5 47.9 0.74 0.10 4.9 293 250 0.08 0 0.13 0

16.1 32.6 21.6 0 63 0.37 17.9 288 950 0.22 1.1 0.35 0
IS.O 12.0 36.6 1.08 0.49 31.0 356 520 0.55 2.6 0.36 3
5.8 7.2 44.1 0.16 0.37 14.1 333 100 0.34 1.1 0.29 0
0.1 0.8 29.0 0.03 0.31 1.3 142 0 0.06 0.4 0.23 13
0.9 2.4 12.3 0.02 0.06 2.6 67 40 0.06 0.6 0.03 6
2.3 8.5 65.8 1.23 0.19 62.1 310 0
0.5 29.4 0.71 0.06 2.7 129

24.4 3.8 47.8 0.18 0.10 12.6 437 3027 0.25 1.4 0.42 0
39.7 1.8 23.8 0.49 0.70 17.9 541 270 4.0 0.08 0
36.4 11.6 28.5 0.12 0.24 4.6 472 0 0.33 1.4 0.01 0
18.1 11.9 38.6 1.42 0.30 14-6 379 •  •  • 0.21 2.1 0.28
6.8 14.9 49.5 0.46 0.20 16.8 305 1080 0.09 1.4 0.14
0.1 5.6 67.4 0.17 0.11 10.9 283 60 0.7 0.07 3
5.1 2.6 69.4 0.15 0.28 18.6 349 30 0.03 2.3 0 0



Table lA : (Cont.)

Name of foodstuff
flj

5
V)

'o
s

.B
V

9

2-1

1 2 3

Jambu fruit (Syzigium cuniinii) 78.2 0.7
‘ Korukkapalll’ (Pithecolobium dulce) 80.8 2.6
Lemon (Citrus limon) 85.0 1,0
Lime (Citrus aurantifolia) 84.6 1.5
Loquat (Eribotrya japonica) 87.4 0.7
Mango, green (Mangifera Indica) 90.0 0.7
Mango, ripe (Mangifera Indica) 86.1 0.6
Mango ‘Ankola’ (Mangifera Indica) 85.9 1.0
Mangosteen (Garcinia mangostana) 84.9 0.5
Melon, water (Citrullus vulgaris) 95.7 0.1
Orange (Citrus urantium) 87.8 0.9
Palmyra fruit, tender (Borassus fiabellifer) 92.7 0.6
‘Pannir Koyya’ or Rose apple (Syzygium jambos) 89.1 0.7
Papaya, ripe (Carica papaya) 89.6 0.5
Passion fruit (Passiflora dulis) 76.3 0.9
Peaches (Amygialis persica) 90.1 1.5
Pears, country (Prunus persica) 86.9 0.2
Pears, English (Pyrus achras) 85 8 0.9
Pears, avocado or Butter fruit (Persea americana) 73.6 0.7
Persimmon (Diospros kaka) 79.6 0.8
Pine apple (Ananas comosus) 86.5 0,6
Plantain (ordinary) (jVIusa paradisiaca) 73.4 1.1
Plantain, hill variety (Musa paradisiaca) 79.9 1.2
Plantain, red variety (Musa, rubrum) 74.1 1.6
Plum (Prunus domestica) 89.6 0.7
Pomegranate (Punica granatum) 78.0 1.6
Pomeloc (Citrus maxima) 88.0 0.6
Quince (Cydonia oblonga) 85.7 0.3
Raisins (Vitis vinifera) 18.5 2.0
Strawberry (Frangaria vesca) 87.8 0.7
Tamarind pulp (Tamarindus indicus) 20,9 3.1
Tomato, ripe (Lycopersicum esculentum) 94.5 1.0
Wood apple (Limonia aedissima) 69.5 7.3
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4 5 6 7 8 9 10 11 12 13 14 15

0.1 0 .9 19.7 0 .02 0.01 1 .0 83 50 0 .03 0.2 0.01 18
0 .3 15.9 0.01 0 .0 4 0 .4 77 0 0 .22 1.6 0 .0 6 108
0 .9 1.7 11.1 0 .0 7 0.01 2.3 57 0 0 .02 0.1 0 .01 39
1 .0 1.3 10 .9 0 .09 0 .0 2 0 .3 59 15 0 .0 2 0.1 0 ,03 63
0.3 0 .9 10 .2 0 .03 0 .0 2 0 .7 46 559 0 0
0.1 8 .8 0.01 0 .0 2 4 .5 39 150 0.03 3
0.1 1.1 11.8 0.01 0 .0 2 0 .3 50 2540 0 .0 8 0 .9 0 .0 9 16
0.1 12.5 0.01 0 .0 2 0.5 55 1860 ... 24
0.1 14.3 0.01 0 .0 2 0 .2 60

0 .2 3 .8 0.01 0.01 0 .2 17 0 0 .02 0 .2 0 .0 4 1
0 .3 10 .6 0 .05 0 .0 2 0.1 49 350 0 .1 2 0.3 0 .0 6 68
0.1 0 .3 6 ,2 0.01 0 .0 2 0.5 27 0.01 0 .2 0 .01 4
0 .2 9 .7 0.01 0 .03 0.5 43 0 .05 ...
0.1 9 .5 0.01 0 01 0.4 40 666 0 .04 0 .2 0 .25 57
0.1 2 2 .0 0.01 0 .0 6 2 .0 93 54 0 .07 1.6 0 .1 4 25
0 .2 1.2 6 .4 0.01 0 .0 3 1 .7 33 0 0 .02 0 .2 0 .0 2 6
0.1 1 .0 11.5 0.01 0.01 0 .7 47 28 0 .0 2 0 .2 0 .03 0
0 .2 1.1 11,8 0.01 0 .0 2 0 .8 53 80 0 .0 9 0 ,2 0 .05 4

2 2 .8 0 .8 0.01 0 .08 0 .7 215 13
0 .2 0 .9 I S . l 0.01 0.01 0 .3 77 2268 0 .03 0 0.01 33
0.1 0 .3 12 .0 0 .02 0.01 0 .9 50 18 0 .20 0.1 0 .12 39
0.1 24 .7 0 .01 0 .03 0 .5 104 124 0.05 0.3 0 .1 7 6
0.1 18 .0 0.01 0 .03 0.3 78 124 0 .0 4 0 .3 0 .1 4 9
0.1 2 3 .4 0 .01 0 .02 0 .6 101 350 0 .0 4 0.3 0 .15 8
0 .2 8 .9 0 .02 0 .0 2 0 .5 40 166 0 .0 4 0.3 0 .03 1
0.1 5.1 14 .6 0 .01 0 .0 7 0 .3 65 0 0 .0 6 0 .3 0 .1 0 16
0.1 0 .6 10 .2 0 .03 0 .03 0.1 44 120 0 .03 0 .2 0 .03 20
0.1 1 .7 11.9 0 .01 0 .0 2 0 .4 4 9 ... 0 .0 2 0 .2 0 .02 10
0 .2 1.1 76 .2 0 .10 0 .0 8 4 .0 315 0 0 .0 6 0.5 0 .0 9 0
0 .2 1.1 9 ,8 0 .03 0 .03 1.8 44 18 0 .03 0 .2 0 .0 2 52
0.1 5 .6 6 7 .4 0 .1 7 0.11 10.9 283 100 0 .0 6 0 .7 0 .05 3
0.1 ... 3 .9 0 .01 0 .0 2 1 .0 21 350 0 .12 0 .4 0 .0 6 32
0.6 5 .2 15.5 0 .13 0.11 0.6 97 61 0 .0 4 0 .8 0 .1 7 3



T a b le  l A :  ( C o n t . )

N a m e  o f  fo o d s tu f f
a ^
O  -in 'O .

1 2 3 4

Fish and other sea foods
B o m b a y  D u c k 89 .3 9.1 0 .7
C a t  f ish 77 .0 17.6 3.1
C h e la  ( f r e s h ) 7 7 .6 14.6 4.3
C h e la  ( d r ie d ) 9 .7 54.8 17.0
C r a b  (m u s c le ) 83 .5 8 .9 1.1
H e r r i n y  ( I n d ia n ) 74 .8 20.3 3 .2
L o b s t e r 76 .3 20.5 0 .9
M a c k e r e l 77 .3 18.9 1 .7
P ra w n 7 7 .4 19.1 1 .0
R o h u  ( L a b e o  r o h i ta ) 76 .7 16.6 1 .4
^  [ L o w  fa t  b a r d in e  > . ^ 78 .1 21 .0 1 .9

( H ig h  f a t 63 .7 20.5 14.3
S h a r k 7 6 .0 21 .6 0 .4
S n a i l  (b ig ) 74.1 10.5 0 .6
V a jra 7 6 .2 19.9 1.5
W h i te b a i t 79.1 14.5 1 .4

Meat, Egg and Poultry
B e e f  (m u s c le ) 74.3 22 .6 2 .6
D u c k  (m e a t) 72 .3 21 .6 4 .8
E g g ,  d u c k ’s 7 1 .0 18.5 1 3 .7
E g g , h e n ’s 73 .7 13.3 13.3
F o w l ( m e a t) 7 2 .2 25 .9 0 .6
L iv e r ,  s h e e p 70 .4 19.3 7 .5
M u t t o n  (m u s c le ) 7 1 .5 18.5 13 .3
P o r k  (m u s c le ) 77 .4 18.7 4 .4
P ig e o n  (m e a t) 7 0 .4 23.3 4 .9

M ilk and M ilk Products
M ilk ,  c o w ’s 87 .6 3.3 3 .6
M ilk , b u f f a lo ’s 8 1 .0 4 .3 8 .8
M ilk ,  g o a t ’s 8 5 .2 3 .7 5 .6
M ilk ,  h u m a n 8 8 .0 1 .0 3 .9
C u r d s  ( f ro m  c o w ’s m ilk ) 90 .3 2 .9 2 .9
S k im m e d  m ilk , l i q u id 90.5 3.5 0.1
S k im m e d  m ilk  p o w d e r 4.1 35.0 0.1



0.01 0 .19 0 .8 114 tr a c e 0 .15 6 .4 0 .0 4 2
0.01 0 .2 4 1..S 130 . . . 0.1 7 .7 0 .1 2

0 .7 0 .0 7 0 .26 3 .0 180 360 54 0 0 .1 2 0.2 0 .3 0
0 .06 0 .2 2 2.1 173 360 600 0 .40 0.1 0 .3 0
0 .03 0.23 109 20 0 .05 10.7 0 .1 4

1 .4 0.01 0 .38 6.3 150 6690 0 .36 17 .6 1 .70 20
0.15 0 .15 2.5 194 9 0 .1 8 6 .8 0 .2 7
0.03 0 .2 0 2.3 114 tr a c e 100 0 .5 4 2 .8 0 .09 2
0.01 0 .2 9 138 0 .10 5 .6 0 .20

4 .8 0 .1 2 0 ,0 9 0.2 65 54 tr a c e 0 .05 0.1 0 .2 0 2

5.1 0.21 0 .13 0 .2 117 49 t r a c e 0 .0 4 0.1 0 .18 5

4 .7 0 .17 0 .12 0.3 84 55 t r a c e 0 .05 0.3 0 .1 4 1
7 .0 0 .0 2 0 .01 0 .2 67 62 t r a c e 0 .0 2 0.1 0 .03 3

3.3 0 .1 2 0 .1 9 0.3 51 39 t r a c e 0 .0 5 0.1 0 .06 1

5.1 0 .1 2 0 .0 9 0 .2 35 0 .05 0.1 0 .2 1
5 4 .0 1 .37 1 .0 0 1.4 357 . . . 0 .45 1 .0 1 .6 4 5
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0.03 0 .1 8 2 .4 43
1.0 O.OI 0.23 0 .4 86 0 .04 2.5 0 .03
1.5 0 .5 9 0 .3 4 2 .0 103
5.1 2 .95 1 .70 10.0 392
3 .4 1 .3 7 0.15 21.2 59 3.1
2 .2 0 .43 0.31 9.3 119
1.0 0 .0 2 0 .2 8 94
0 .5 0 .43 0.31 4.5 93
0 .8 0 .3 2 0 .2 8 5.3 89 0.01 4 .8 0.1
4 .4 0 .65 0 .1 8 1 .0 97 0 .05 0 .7 0 .07 22

0 .0 9 0 .36 2.5 101 2 .6
0 .0 8 0 .3 2 2 .2 211 2.1

0 .8 0 .36 0 .2 6 1 .4 93 2.5
1 2 .4 0 .87 0 .12 97

1.0 0 .0 4 0 .3 8 0 .7 97 0 .1 0 2.5 0 .2 0
2.5 0 .6 4 0 .4 4 3.S 81 0 .10 2.3 0 .18



T a b l e  l A ;  ( C o n t . )

N a m e  o f  f o o d s tu f f

cm
OUa
W3
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s
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1
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'ZT "m

1 2 3 4

C h e e s e 4 0 .3 24.1 25.1
‘K h o a ’ (W h o le  b u f fa lo  m ilk ) 3 0 .6 14.6 31 .2
‘K h o a ’ ( W h o le  c o w ’s m ilk ) 2 5 .2 20.0 25 .9
M i lk ,  e v a p o r a te d  ( U n s w e e te n e d ) 7 3 .8 7 .0 7 .9
M ilk ,  c o n d e n s e d  (S w e e te n e d ) 27.1 S .l 8 .7
M ilk  p o w d e r  (W h o le ) 2 .0 2 6 .4 27.5

Miscella?ieons foodstuffs
A r e c a n u t ,  f re s h  (A re c a  c a th e c u ) 31.3 4 .9 4 .4
A r r o w r o o t  f lo u r  ( M a r a n ta  a r u n d in e c e a ) 16.5 0 .2 0.1
B e te l  le a v e s  ( P ip e r  b e t le ) 85 .4 3.1 0 .8
C o c o a , d r y  p o w d e r 3 .0 16.8 23 .7
C o c o n u t ,  t e n d e r 9 0 .8 0 .9 1 .4
C o c o n u t ,  m ilk 57.1 3 .0 3 4 .0
C o c o n u t ,  w a te r 95 .5 0.1 0.1
H o n e y 2 0 .0 0.1
J a g g e ry  ( S u g a r  c a n e ) 3 .9 0 .4 0.1
K a l ip a k k u  ( A re c a n u t  p r o c e s s e d ) 13.8 6 .4 8 .4
M a h u a  f lo w e rs  ( D ry ) 18 .6 4 .4 0 .6
N e e r a  (P a lm y ra ) 8 4 .7 0 .4
P a p p a d s 20.3 18.8 0 .3
A f u s h ro o m 88.5 4.6 0 .2
R a jk e e ra  s e e d s  ( A m a r a n th u s  p a n ic u la tu s ) 8 .9 15 .4 5 .3
b a g o 12 .2 0 .2 0 .2
S u g a r  c a n e  ju ic e 9 0 .2 0.1 0 .8
T o d d y ,  f e r m e n te d  ( C o c o n u t) 98.3 0 .2 0 .2
W a te r  c h e s tn u t ,  d r y  ( T r a p a  b i s p in o s a ) 13.8 13.4 0 .8
Y e a s t ,  d r ie d  ( B r e w e r ’s) 13 .6 39.5 0 .6
Y e a s t ,  d r ie d  ( T o r u l a  u t i l i s ) 7 .8 35 .7 1 .8
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ESSENTIALS OF FOOD AND NUTRITION 

V ita m in  P a n to th en ic  a c id , b iotin ,Table 2A: V ita m in  P a n to th en ic  a c id , b iotin , c h o lin e , an d  
in o s ito l c o n te n ts  o f  e d ib le  p ortions o f  c o m m o n  fo o d s (v a lu es

p er lOOg.)

F'oods Ml i j-  tj;.o c s : S

Cereals and their products
Barley (whole) 0.55 0.73 31.0 139 392
Corn (yellow) 0,46 0.64 21.0 61 50
Oats 0.20 1.50 24.0 156 269
Rice (brown) 0.62 1.52 12.0 112 119
Rice polishings 2.0 3.33 57.0 102 454
Rice (parboiled) 0.10 1.37 10.0 98 25
Rice (white) 0.03 0.75 5.0 59 10
W heat (whole) 0.52 1.37 16.0 94 370
WTieat, flour (refined) 0.33 0.54 1,0 52 110
W heat (germ) 0.91 2.20 — 406 770
Bread, white 0.10 0.44 1.1 — 51
Bread, whole wheat 0-42 0.79 1.9 — 67

Pulses {Legumes)
Cow pea 0.21 1.24 21.0 257 240
K idney bean 0.65 — —

Split pea 0.32 2.18 18.4 201 150
Lentil 0.49 1.50 13.2 223 130
Lim a bean 0.55 1.30 9.8 — 170
M ung bean (G reen gram) 0.57 2.50 7.5 209 70
Navy bean — 1.21 — — 500
Soybean 0.64 1.68 61.0 340 200

Vegetables
Asparagus 0.13 0.62 — 10
L im a bean 0.17 0.45 — — —

Snap bean, green 0.06 0.20 — 42 —
Beet root 0.03 0.17 1.9 — 21
Cabbage 0.12 0.26 2.4 23 95
C arrot 0.12 0.27 1.4 13 48
Cauliflower 0.17 1.01 17.0 — 95
Cow ]">ea 0.11 0.40 21.0 97 240-
Peas, green 0.15 0.82 9.4 75 162
Potato 0.22 0.40 — 29 29
Sweet potato 0.32 0.93 4.3 11 66
sp in ach 0.19 0.31 6.9 22 27



CHEMICAL COMPOSITION OF FOODS 

T ab le  2 A ; (C ontd .)

Foods
_c
£

c ^<U C
’So -a 
c  '2a c3

c;
■P'3 1  “  

«  (J

*0 ^  
•t; ocC/) (~O G
hS

T om ato 0.38 4.0 46
T  urnip 0.10 0.38 — 27 46

N uts and Oilseeds
A lm ond 0.10 0.58 18.0 — —

C ashewnut 1.62 — — —

Coconut (fresh) — 0.33 — —
Peanut (roasted) 0.30 2.14 34.0 162 180
W alnut 0.96 0.97 37.0 — —

Fruits
Apple 0.03 0.10 0.9 — 24
Apricot 0.07 0.29 — — —
Banana 0.32 0.31 4.4 — 34
R aspberry 0.03 0.21 — — —
Straw berry 0.06 0.16 4.0 — 60
Figs 0.13 0.34 — — —

G rape fruit 0.02 0.24 3.0 — 150
G rapes 0.08 0.05 1.6 — —
Orange 0.03 0.22 1.9 — 210
Peaches 0.02 0.12 1.7 — 96
Pineapple 0.02 0.07 — — —
W aterm elon 0.03 0.30 3.6 — 64
Dates — 0.78 — — —
Raisins 0.32 0.10 4.5 — 120

Flesh foods
L am b: M uscle 0.32 0.62 5.9 84 58

Liver 0.64 7.10 127.0 508 53
Beef: Aluscle 0.49 0.52 2.6 68 12

Liver 0.66 9.34 96.0 510 51
P o rk : Bacon 0.55 0.44 7.6 80 43

H am 0.44 0.64 5.0 122 31
L iv e r 0.65 7.1 100.0 552 52

Chicken, m eat 0.13 0.80 11.3 — 48
Crab 0.36 — — — —
Shrim p 0.11 0.21 — — —
M ackerel 0.27 0.47 18.0 — —
Salm on 0.45 0.58 15.0 17



Table 2 A : (C ontd .)

Foods

pq
c
£
2  £

o
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O -T3 
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Cl.

0>
C ^  .S

3 o
CO co q
C

Sardines 0.28 0.60 24.0 _
Egg (whole) 0,25 1.59 22.5 504 33

M .ilk and M ilk  Products
M ilk (cow ’s) 0.03 0.31 4,7 15 13
Cheese 0.06 0.40 3.6 48 25

Miscellaneous
Chocolate 0.02 0.19 32.0 --- 85
Molasses 0.27 0.46 9.0 86 150
H oney 0.01 0.06 — — —
Yeast (Brewer’s) 2.41 11.0 200.0 240 —

Y east (Torula) 3.50 10.0 100.0 250 270



Table  3A: M a g n e s iu m , Copper, S o d iu m , P o ta ss iu m  an d  O x a lic  a c id  
c o n te n ts  o f  s o m e  food stu ffs (V a lu es per  lOOg)

N am e of Foodstuff

£
cn 1-flj

c. M 
g - ^

£ ^  
.2 ^  

c0
Ĵ1

c

•5 £ o

fjcl
■ ’i 'S ,  
I S  
o

'Cereals
Bajra or pearl m illet 125 0.55 10 402 14.4
Barley 127 0.34 4 179 2.0
C holam  or Kaffir corn 140 0.55 7 321 10.0
M aize or corn 144 0.19 6 290 6.0
Rice, raw (hom e pounded) — — 10 116 4.6
Rice, raw (polished) 48 0.72 3 110 3.0
Rice (parboiled, milled) 38 0.33 9 161 1.0
Bread, white — 28 120 —
W heat flour (refined) 55 0.49 14 101 —
W heat (whole) 139 0.49 18 349 8.0

Pulses
Bengalgram (with husk) 168 0.76 71 322 5.0
Bengalgram dhal 138 0.98 72 386 5.0
Blackgram (w ith husk) — — 80 523 27.8
Blackgrani dhal 185 0.72 75 643 16.0
Cow  gram 230 0.75 95 323 9.0
Field bean ■-- — 89 402 —
G reen gram (w ith husk) 171 0.97 57 583 2.0
G reen gram  dhal 189 1.13 49 643 0
H orse gram 172 1.03 46 322 417.0
L entil (M asur dhal) 94 0.66 29 402 14.0
Peas (dried) 124 0.85 20 980 0
Red gram dhal 133 1.25 66 482 9.0

L ea fy  vegetables
Brussels sprouts 26 0.07 12 400 4.0
Cabbage 10 0.08 7 277 3.0
Celery 52 0.30 91 293 37.0
C oriander leaves 64 0.53 4 453 5.0
L ettuce 30 0.08 9 329 13.6
Spinach 84 0.01 89 570 658.0

-Hoofs and Tubers
Beetroot 9 0.20 60 300 40.4
C arrot 14 0.13 47 482 5.6
Colocasia — — 25 464 133.4
O nion — — 5 385 1.0
Potato 20 0.20 18 249 15.0
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T ab le  3A: (C on td .)

N am e of Foodstu ff
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Radish 9 0.19 41 325 9.2
Sweet Potato — — 10 373 —

T apioca 66 0.15 2 10 17.1
Yam 34 0.16 22 422 15.0

Other vegetables
Ash gourd 13 0.17 2 211 3.4
B itter gourd 17 O.IS 14 382 0.5
Brinjal 16 0.17 3 229 18.0
C ucum ber 11 0.10 / 149 15.0
Cauliflower 20 0.05 12 285 6.8
D rum stick 24 0.60 6 463 101.0
French beans 29 0.21 10 282 31.2
Knol-khol IS 0.09 12 199 10.0
Ladies fingers 43 0.19 54 332 8.0
I ndian gooseberry (Amla) — — 3 201 296.0
Peas, green 34 0.23 2 346 6.0
Plantain, green 33 0.16 3 365 480.0
Pum pkin 14 0.20 2 259 —

T om ato 15 0.19 3 360 2.0
T u rn ip — 6 243 0.8
Vegetable m arrow 13 0.22 5 220 56.0

Fruits
Apple -■ 0.13 3 94 1.5
Banana 34 0.40 2 141 2.2
C ustard apple 24 0.15 2 140 —

Dates 59 0.21 13 537 —

Figs (Fresh) 20 0.06 2 190 —

Grapes 4.0 0.08 4 249 —

G rape fruit 10 0.06 1 200 3.4
Guava — — 15 106 —

Lem on 12 0.26 1 148 -------

Peaches 21 0.06 1 212 1.0
Pears 7 0.40 2 161 4.0
Pine apple 20 0.36 J 86 5.0
Plum s 147 0.23 1 198 1.0
Pom egranate 12 0.17 4 171 14.0
Papaya, ripe 11 0.20 5 211 1.0
R aspberries 22 0.21 1 224 —
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Table 3A : (Contd.)
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Name ot Foodstuif
.2■■A
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Raisin, djy 42 0.24 67 b29 _
Strawberries 12 0.13 1 161 —
\Vater melon 13 0.04 1 115 —

N u t s  ami oil seeils
Almonds 257 0.14 (J 855 407.3
Cashew nut (unsaltcJ) — — 41 129 318.0
CJroundnut, roasted (unsalted) 181 0.27 4 700 —

Coconut, fresh 52 0.32 15 336 —

Coconut, dry 30 0.04 30 700 —

Sesame seeds — — 60 725 708.0

Dairy P induds
M ilk, IVesh (whole) 14.0 0.02 34 130 0.2
M ilk, fresh (skimmed) 14.0 0.02 32 116 0.2
M ilk (condensed) 36.0 0.08 140 340 0.4
M ilk  (malted dry) — — 440 720 0.2
Skim milk powder 111.0 1.39 450 1210 0.8
Whole milk powder 112.0 0.16 410 1100 0.8
Butter (unsalted) 2.0 0.03 4 5 —

P'gg, whole 12.0 0.03 129 145 0.2
P'gg, while only 10.0 0.03 184 154 0.2
Egg, yolk only 14.0 0.02 57 129 0.2

Flesh Foods
Fish (Rohi) — — 69 225 0.6
Mutton 27.0 0.16 63 244 0.2
Chicken 29.0 — 58 322 0.3
Liver 20.0 5.8 S3 296 0.4
Lamb — — 90 327 0.5
Pork 26.0 — 55 260 0.2
Beef 24.0 — 65 333 0.2

M isce lla n eo u s

Coffee 235 0.82 74 2020 15.4
Dried veast — — 3 670 —

Sago 0.7 0.01 2 4 —

Tea 254 1.59 44 2160 375.0
— 1450.0

Cocoa 420 0.92 6 1522 442



Table 4 A: A m in o  A c id  C om p osition  o f  so m e

FoodstiilTs T ry T h r

1 2 3

Cereals and millets
A m aranth  seeds (A m aranthus paniculatus) 0.9 4.4
Barley (H ordeum  r ulgare) 1,2 3.2
Buckwheat (Vagopyriim esculentum ) 1.4 3.8
C anihua (C henopodium  pallidiculac) 0.8 4.8
C om m on M illet (Panicum  m iliaceum) 1.1 1.1
C orn (Zea mays) 0.6 4.0
C orn germ 1.0 4.3
Kaffir corn (Sorghum  vulgare) 1.1 3.6
Italian  millet (Seteria italica) 1.0 3.1
Job tears (Coiz lacryma-jobi) 0.5 4.2
K odu millet (Paspalum scrobiculatum ) 0.7 3.8
L ittle  M illet (Panicum  miliare) 0.6 3.4
Oats (Avenastcrilis) 1.2 3.1
Q uinoa (C henopodium  quinoa) 1.1 4.8
Ragi (Fleusine coracana) 1.3 4.1
Rice (Oryza sativa) 1.0 3.7
W heat, whole (T riticum  vulgare) 1.2 2.7
W heat germ 1.0 4.9

Legumes {D'’y  seeds)
Black gram (Phaseolus m ungo) 1.0 3.4
Broad bean (Vicia faba) 0.9 3.3
C hick-pea or Bengal gram  (Cicer arietinum ) 0.8 3.6
Cowpea (V ignaapp) 1.0 3.9
Field bean (Dolichos lab lab) 0.5 3,3
G reen gram (Phaseolus radiatus) 0.7 3.1
H orse gram  (Dolichos biflorus) 1.0 3.9
L athyrus pea (L athyrus sativus) 0.8 2.2
K idney  bean (Phaseolus tailgaris) 1.1 3.5
L entil (Lens esculentus) 0.9 3.9
L im a bean (Phaseolus lunatus) 0.9 4.7
N a v y ' bean (Phaseolus vulgaris) — 5.2
Pea (Pisum  sativum) 1.1 3.9
P in to  bean (Phaseolus ^^Jlgaris) 1.0 4.3
Red gram  or Pigeon pea (Cajanus cajan) 0.5 3.8



AMINO ACID COMPOSITION OF FOODS 

im p ortan t F ood P ro te in s (g/16 gN )

Iso Leu Lys M et Cys
M et

+
Cys

Phe T y r Val A rg H is

4 5 6 7 8 9 10 11 12 13 14

6.9 8.0 8.2 2.5 2.2 4.7 4.8 3.3 6.1 14.8 2.9
4.0 6.5 3.2 1.3 1.9 3.2 4.8 3.4 4.7 4.8 1.7
3.8 5.8 5.9 1.8 2.0 3.8 3.8 2.1 5.2 8.0 2.2
6.8 5.8 6.0 1.8 1.1 2.9 3.6 2.0 4.6 7.9 2.5
6.4 13.4 4.2 2.9 — — — ----- - 6.9 1.1 0.5
4.6 13.0 2.9 1.9 1.3 3.2 4.5 6.1 5.1 3.5 2.6
3.9 7.1 5.5 1.6 0.9 2.5 3.3 2.3 5.4 7.8 3.2
5.4 16.1 2.7 1.7 1.7 3.4 5.0 2.8 5.7 3.8 1.9
7.6 16.2 2.1 2.8 ------- — 6.7 — 6.9 3.6 2.1
5.6 23.7 2.5 3.1 1.8 4.9 4.8 — ----- - 3,5 2.1
6.5 9.7 2.7 3.0 — — 8.0 — 6.5 4,4 1.9
6.7 10.9 1.8 3.2 — — 4.8 — 6.1 4.7 1.9
4.8 7.0 3.4 1.4 2.0 3.4 4.9 3.4 5.6 6.1 1.7
6.6 7.1 6.6 2.5 1.0 3.5 3.6 2.3 4.1 7.5 2.7
6.0 9.3 3.0 3.0 2.2 5.2 4.0 5.3 7.1 1.5 1.2
4.5 8.2 3.8 1.7 1.3 3.0 4.8 4.4 6.7 5.5 1.6
4.1 6.3 2.6 1.4 2.1 3.5 4.6 3.5 4.3 4.5 1.9
4.3 6.3 5.7 1.5 1.1 2.6 3.3 3.3 5.0 6.7 2.5

5.9 8.7 6.4 1.4 1.2 2.6 5.3 2.3 6.1 6.6 2.4
6.3 8.7 5.6 0.4 0.7 1.1 4.2 4.7 5.0 7.0 2.9
5.7 7.4 6.9 1.3 1.4 2.7 4.9 3.3 4.9 7.5 2.7
4.9 7.5 6.5 1.5 1.3 2.8 5.2 3.0 5.7 6.4 3.0
6.0 8.9 8.1 0.7 1.0 1.7 5.3 ------- 5.6 9.2 2.8
5.5 9.0 6.8 1.1 0.6 1.7 4.8 1.6 5.9 5.6 2.2
6.7 7.9 7.9 1.4 2.2 3.6 6.9 2.6 5.9 5.7 3.0
6.6 6.6 7.5 0.5 1.1 1.6 4.2 — 4.0 7.8 2.6
4.9 7.7 9.2 1.0 — — 5.3 — 5.9 5.9 2.4
5.3 7.0 6.1 0.7 0.8 1.5 4.4 2.7 5.4 7.6 2.2
5.8 8.3 6.6 1.6 1.5 3.1 5.9 2.6 6.3 6.4 3.2
4.8 8.0 7.9 — 1.2 — 6.1 — 6.4 6.9 2.9
5.6 8.3 7.3 1.2 1.3 2.5 5.0 4.0 5.6 8.8 2.7
5.7 8.2 6.8 1.0 — — 6.2 — 6.2 5.4 2.9
6.1 7.8 7.1 1.2 1.4 2.6 8.6 3.3 5.3 6.8 2.8



T ab le  4 A :  (C ontd .)

I'oodstuffs

Oilseeds and mils
A lm ond (Prunus amygdalus)
Brazil nu t (Bertho lettia excelsa) 
Cashew nut (Anacardium  occidentale) 
C oconut (Cocos m ucifera)
C otton  seed (Gossypium  herbaceum ) 
F ilbert nu t (C on 'lus avellana)
Peanut (Arachis
Pecans nu t (Carya peacan)
Rapeseed (Brassica napus)
Safflower seed (C artham us tinctorius) 
Sesame seed (Sesam um  indicum )
Soybean  (G lycinem ax)
Sunflow er seed (H elianthus annus) 
W alnut (Juglans regia)

Roots and tubers
C arro t (Daucus carota)
Colocasia (Taro)
Potato  (Solanum  tuberosum )
Sw eet potato (Iporaoea batatas)
T apioca (Cassava)

Leafy and other vegetables 
A m aranth  leaves (A m aranthus gangeticus) 
Cabbage (Brassica cleraces capitata) 
Spinach (Spinacia oleracea)
F rench  bean (Phaseolus vulgaris)
Peas, green (Pisum  sativum )

Leaf and grass protein concentrates 
C lover (T rifolium  subterraneum )
T u rn ip  (Brassica rapa)
Rve grass (Secale cereale)
TAicerne (M edicago sativa)
W heat grass (T riticum  aestivum)
C orn leaf (Zea mays)

T ry ■̂ rhe

•) 3

0.8 2.7
1.1 2.6
1.2 3.4
0.8 3.2
1.2 6.3
1.4 2.8
1.1 2.7
1.3 3.5
1.4 3.4
1.4 2.9
1.5 3.1
1.4 3.9
1.3 3.4
1.0 3.3

0.8 3.6
1.4 4.7
1.1 3.9
1.7 4.7
1.3 2.8

1.0 1.6
0.8 2.8
1.6 4.4
1.4 3.8

0.8 3.7

1.6 5.1
1.3 5.3
l.S 5.1
1.9 5.1
1.6 5.3
1.5 .5.1

1



Iso Leu Lys M el Cys
M et

4“
cys

Phe T y r Val Arc His

144 5 6 7 8 9 10 11 12 13

3.9 6.5 2.6 1.2 1.7 2.9 5.1 2.S 5.0 12.2 2.3
3.6 6.9 2.7 3.7 2.1 5.8 3.7 2.9 5.0 13.6 2.2
5.6 7.0 3.6 1.6 2.4 4.0 4.3 3.3 7.3 9.6 2.0
4.5 6.7 3.8 1.8 1.6 3.4 4.3 2.5 5.3 12.1 1.7
3.8 5.9 4.3 1.4 1.6 3.0 5.2 2.7 4.9 11,2 2.7
5.7 6.3 2.8 0.9 1.1 2.0 3.6 2.9 6.2 14.5 1.9
4.1 6.1 3.6 0.9 1.5 2.4 ,U 3.6 5.0 10.7 2.4
5.0 7.2 3.9 1.4 2.0 3.4 5.1 2.9 4.7 10.7 2.5
5.2 3.1 4.9 1.5 1.2 2.7 6.5 — 6.2 7.2 2.0
3.9 5.5 3.1 1.5 — — 5.3 — 4,9 9.3 2.0
4.2 7.4 2.6 2.8 2.2 5.0 6.4 4.1 3.9 8.8 1.9
5.4 7.7 6.3 1.3 1.8 3.1 4.9 3.2 5.3 7.2 2,4
4.7 6.4 3.2 1.6 1.7 3.3 4.5 2.4 5.0 8.7 2.2
3.3 5.3 2.5 1.7 1.8 3.5 4.3 3.3 .S.5 9,7 2.3

3.8 5.4 4.3 0.9 2.5 3.4 3.5 1.7 4.7 3.5 1.4
5.2 8.9 5.8 1.1 — — 5.2 — 6.0 6.2 1.7
4.4 5.0 5.3 1.3 1.0 2.3 4.4 1.8 5.3 4.9 1.4
4.8 5.7 4.7 1.9 1.6 3.5 5.6 4.5 7.4 5.2 2.0
2.8 4.1 4.1 0.6 1.1 1.7 2.8 1.9 3.0 10.0 1.5

4.7 6.0 4.0 0.7 0.7 1.4 2.8 3.0 3.9 3.8 2.0
2.9 4.1 4.7 0.9 2.0 2.9 2.3 2.1 3.2 7.5 1.8
4.6 7.7 6.2 1.7 2.0 3.7 4.0 3.2 5.5 5.1 2.1
4.5 5.8 5.3 1.4 1.0 2.4 2.4 2.1 4,8 4.2 1.9
4.6 6.2 4.7 0.8 1.1 1.9 3.8 2.4 4.1 8.9 1.6

5.5 9.2 6.5 1.9 0.9 2.8 6.2 4.4 6.5 6.5 1.8
5.3 9.7 6.6 1.6 0.6 2.2 6.5 4,4 6.5 6.6 2.9
5.2 9.1 6.6 2.1 0.9 3.0 6.1 4.5 6.4 6.9 2.5
6.6 9.6 6.3 1.9 0.6 2.5 6.4 4.5 6.3 4.8 2.1
5.0 9.4 6.1 2.0 0.6 2.6 6,1 3.8 6.4 6.7 2.8
4.9 10.0 4.6 2.1 0.7 2.S 6.0 3.9 6.5 5.8 1.9



T ab le  4 A : (C on td .)

Foodstuffs T ry T h r

1 2 3

M ilk
M ilk, Buffalo’s 1.4 5.2
Milk, Cow’s 1.4 4.7
M ilk, G oat’s 1.3 4.3
M ilk, H um an 1.7 4.5

Eggs
Egg, whole (Hen) 1.7 5.0
Egg, white (Hen) 1.7 4.9
Egg, yolk, (H en) 1.7 5.1
Egg, whole (Duck) 1.4 7.0
Egg, white (Duck) 1.4 7.5
Egg, yolk (Duck) 1.5 6.4

Fish and Shell fish
Crab 1.0 3.3
Mackeral 1.0 4.4
Prawn 1.0 4.0
Sardine 1.2 4.7
Shrim p 0.7 4.3

M eat
Beef 1.2 4.1
Chicken 1.2 4.3
M u tto n  (Lam b) 1.3 4.6
Pork 1.3 4.6
Veal 1.1 4.7
Liver (Beef) 1.5 4.8
Liver (Lam b) 1.5 4.8
Liver (Pork) 1.5 4.8

Isolated Proteins
Casein 1.3 4.3
Egg, A lbum in ' 1.4 4.9
Gelatin 0 1.9
Lactalbum in 2.3 5.4
W heat gluten 1.0 2.4
Zein 0.1 3.2

K ey  to abbreviations: T ry = T ry p to p h a n ; T h r= T h re o n in e ;  I s o =  Isoleucine; 
Phe-=PhenylaIanine; V a l= V aline ; A rg = A rg in in e ; H is  =  H istid ine .



Iso L eu Lys M et Cys
M et

-H
cys

Phe T y r Val Arg H is

4 5 6 7 8 9 10 11 12 13 14

5.0 9.1 8.1 2.7 1.4 4.1 4.3 5.1 6.2 3.3 2.1
6.5 10.0 7.9 2.5 0.9 3.4 4.9 5.2 7.0 3.7 2.7
5.2 8.7 6.3 2.2 0.7 2.9 4.4 4.9 5.8 2.2 2.0
5.5 9.1 6.6 2.4 2.0 4.4 4.4 5.2 6.3 4.1 2.2

6.6 8.8 6.4 3.1 2.4 5.5 5.8 4.2 7.3 6.6 2.4
6.5 8.8 6.2 3.4 2.4 5.8 6.4 4.2 7.5 6.3 2.2
6.7 8.8 6.6 2.9 2.4 5.3 5.2 4.2 7.2 6.9 2.5
5.5 9.6 7.9 4.9 1.7 6.6 6.2 5.4 7.5 5.0 2.9
5.0 9.6 7.1 5.5 1.9 7.4 6.7 5.5 7.9 4.0 2.5
6.1 9.7 8.7 4.3 1.5 5.8 5.7 5.3 7.1 5.9 3.3

3.3 3.3 8.3 2.3 1.2 3.5 3.4 2.8 3.3 6.3 1.9
5.1 7.5 8.8 2.9 1.3 4.2 3.7 2.7 5.3 5.6 2.8
5.2 9.0 7.2 2.9 2.2 5.1 4.6 3.8 5.0 8.8 3.7
4.5 6.9 8.4 2.8 1.5 4.3 3.4 2.8 5.1 5.1 2.9
3.2 6.7 6.3 3.0 2.8 5.8 3.8 3.7 4.0 5.0 3.1

5.2 8.2 8.7 2.5 1.3 3.8 4.1 3.4 5.6 6.5 3.5
5.3 7.2 8.8 2.6 1.3 3.9 3.9 3.5 4.9 6.3 2.9
5.2 7.7 8.1 2.4 1.3 3.7 4.1 3.8 4.9 6.5 2.8
5.1 7.4 8.2 2..5 1.2 3.7 3.9 3.6 5.2 6.1 3.3
5.2 7.9 8.8 2.2 1.1 3.3 4.4 3.7 4.8 7.8 3.5
5.2 9.2 7.5 2.3 1.2 3.5 5.0 3.7 6.3 6.1 2.7
5.2 9.2 7.5 2.4 1.2 3.6 5.0 3.7 6.3 6.1 2.7
5.2 9.2 7.5 2.3 1.2 3.5 5.0 3.7 6.3 6.1 2.7

6.6 10.1 8.1 2.7 0.4 3.1 5.4 5.9 7.2 4.1 3.0
6.0 8.7 6.7 3.6 2.4 6.0 6.5 3.0 8.3 5.9 2.5
1.4 3.0 4.3 0.8 0.1 0.9 2.1 0.5 2.6 8.2 0.8
6.5 12.8 9.4 2.3 3.0 5.3 4.5 4.0 5.9 3.6 2.0
4.0 7.5 1.9 1.6 1.9 3.5 5.5 3.2 4.8 4.3 2.4
5.1 19.2 0 1.7 1.1 2.8 10.4 6.1 4.1 1.8 1.3

L eu  = L eucine; Lys =  Lysine; Cy s =  Cyst ine; M et = M eth ion ine;



ESSENTIALS OF FOOD AND NUTRITION 

Table 3A: N o rm a l  v a lu e s  o f  b lo o d  c o n s t i tu e n ts

Haemoglobin 
M en 
W om en 

Erythrocytes 
IMen 
W om en 

R eticulocytes: 
Hematocrit 

M en 
W om en

14-16g/10Uml
13-15g/100ml.

5-5.5 m illion/cu.m m .
4.5-5.0 m illion/cu.m m . 
0.8-1.0 per cent

44.0- 48.0 per cent
40.0- 44.0 per cent

M ean corpuscu lar volum e: 84-00 cu. m icrons.
M ean corpuscular haem oglobin concentration: 34-36 per cent.
Serum  iron: 50 to 180 /^g/lOOml.
T o ta l p ro te in : 6 to 8 g/100 m l o f serum .
A lbum in: 4 to 5.5 g/100 ml of serum .
N on-pro tein  nitrogen (N PN ): 25 to 38 mg/TUO ml. of plasma 
Urea nitrogen: 8 to 20 mg/lOOml. of plasma.
Uric acid: 2 to 6 m g /l0 0 n i l  o f serum.
G lucose; 80 to  1 2 0 m g /1 0 0 m l of blood.
Cholesterol, to ta l: 120 to 260m g/100  ml of serunr.
Cholesterol, esters: 60 to 80 per cent of total cholesterol.
T o ta l lip ids: 570 to 820 m g/100 ml of serum.
Calcium : 9 to 11 m g/100 m l serum  (4.5 to 6.0 mKq/l).
C hlorides; 355-376 mg/U)0 ml serum . (98-106 mE(j/l)
C opper; 100 ^g/lO O m l of blood.
Ceruloplasm in: 15 to 30 mg/100 ml. plasma.
Iron binding capacity: 300 to 450 /tg/100 ml.
Protein bound iodine (PH I): 4 to 8 /^gTOO ml. of serum.
M agnesium ; 1.2 to 3.0 m g/100 ml of serum  (0.4 to 1.0 niEq/l).
M anganese: 2.5 ^g/lOU ml. o f serum .
Phosphorus (Inorganic): 3.0 to 4 mg. (adults); 4 to 6 mg (childrcn)/100 m l of 

serum .
Potassium : 14 to 20 m g/100 m l scrum  (3.6 to 5.0 m l’/q /lj.
Sodium : 315 to 340 mg/lUO m l serum  (136 to 145 niEq/1).
Z inc: 120 to 130 /<g/100 ml of serum .
V itam in A: 25 to OOjWg/lOOml of serum .
Carotene: 40 to 250 ggjlOO ml of serum .
T ocophero l: 0.5 to 2.02 m g/100 ml o f plasma.
Folate activity for lactobacillus casei: 6 to 10 m/.tg/ml of serum .
V itam in Hi., {eiiglena gracilis): 100 to 800 A^/ag/100 ml of serum .
.\scorbic acid: 0.3 to 1.4 m g/m l o f serum.
Serum  alkaline phosphatase: 1 to 4 Hodansky un its (5 to 14, children)
5-10 J \in g -A rm strong  U nits (12 to 25, children)
P rothrom bin  tim e (Quick): 10 to 15 seconds.
Bleeding tim e: 1 to 3 m inutes.
Coagulation tim e: 6 to 12 m inutes.



Table 6A: S o m e  c o m m o n  u n its  and  m e a su r e s  w ith  co n v e rs io n  factors

Mass
1 gram  (g) = 1000 m illigram s (mg)
1 mg. 1000 m icrogram s (/tg)
1 / 'g = 1000 m ilim icrogram s (m  /tg) (
1 m  /tg = 1000 m icrom ierngram s
1 ounce (oz) = 2S.4g
1 pound  (lb) = 16 oz=453 .6g
1 g -- 14.4 grains
1 grain — 65 mg.

Volume
1 litre  (1) — 1000 m illilitres (ml)
1 m illilitre  (ml) 1000 m icro litres (^il)
1 litre 35.196 fluid ounces (oz)
1 litre 1.76 p in t
1 p in t = 568 ml
1 p in t = 20 fluid ounces
1 q u a rt 2 p in ts
1 fluid ounce 28.4 ml.
1 gallon = 4.55 litres.

Length
1 m etre  (m) --- 1000 m illim etres (m m)
1 m illim etre  (m m) =  1000 m icrons 
1 m icron =  1000 m illim icrons (m^u.)
1 m
1 m'!>■

1000 m icrom icrons (fxjj.) 
=  10 A ngstrom  units (A).



Table 7A: N o r m a l h e ig h ts  an d  w e ig h ts  o f  in fan ts a n d  p re -sch o o l  
ch ild ren *  (birth to 5 y ears)

Age
Y ear M onth

W eight (kg) H eig h t (cm)

Boys G irls Boys G irls

B irth 3.40 3.36 50.6 50.2
0-3 5,72 5.62 60.4 59.5
0-6 7.58 7.26 66.4 65.2
0-9 9.07 8.71 71.2 70.1
1-0 10,07 9.75 75.2 74.2
1-3 10.75 10.43 78.5 77.6
1-6 11.43 11.11 81.8 80.9
2-0 12.56 12,29 87.5 86.6
2-6 13.61 13.43 92.1 91.4
3-0 14.61 14.42 96.2 95.7
3-6 15.56 15.38 99,8 99.5
4-0 16.51 16.42 103.4 103.2
4-6 17.42 17.46 106.7 106.8
5-0 18,37 18.37 108.7 109.1

•  50th p e rcen tile  data  from  stud ies of C hild  H ealth  D evelopm ent, 
D epartm en t o f M aterna l and C hild  H ealth , H arvard  School of Public  H ealth .



Table 8A: N o r m a l w e ig h ts  an d  h e ig h ts  o f  ch ild re n  a n d  a d o le sc en ts*
(5-18 yrs)

Age
Years

W eight (kg) H eight (cm)

Boys G irls Boys G irls

5 19.41 18.78 111.3 109.7
6 21.91 21.09 117.5 115.9
7 24.54 23.68 124.1 122.3
8 27.26 26.35 130.0 128.0
9 29.94 28.94 135.5 132.9

10 32.61 31.89 140.3 138.6
11 35.25 35.74 144.2 144.7
12 38.26 39.74 149.6 151.9
13 42.18 44.95 155.0 157.1
14 48.81 49.17 162.7 159.6
15 54.48 51.48 167.8 161.1
16 58.83 53.07 171.6 162.2
17 61.78 54.02 173.7 162.5
18 63.05 54.39 174.5 162.5

* 50th p e rcen tile  data  from  stud ies by H ow ard V. M ered ith , Iowa C hild  
W elfare  R esearch  S ta tion , T h e  S ta te  U n iv ersity  of Iowa.



E R R A T A

Page 60: J^ysine-Read instead ot' /3.

,, 100: Under clinical pictures; Ird line read “ loss of
subcutaneous fat ” instead of “ Subcutaneous fat.”

„ 134: 5th line, Read 1.2 Kcal instead of 1.2 cal.

,, 1S5 : Table 9.10; Read “Alpha tocopherol” instead of
“Alpha”.

,, 196: Last but one line ; Read infant “ lies” instead of
infant “ line.”
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aetiology', 223 
clinical features of, 219 
treatm ent of, 224 

Pentoses, 10 
Pejisin, 70
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