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X INTRODUCTION

There 1s no universal panacea te solve the prodklems
of feod and mutrition in any country except Shrough Sthe acts
of self.help and self-reliance. Talking in this vein,
Beghin (1976) and Devadas (1977) recommend the removal ef the
constraints and recognition e¢f the prodlems to make expliecit
ehoioce of method t0 attain self-sufficiency as an individualistie
pattern for all societies. To Indians, talking ef hmnger aand
malmutrition has hecome the secend nature, dus the urge should
come from within to solve this pathetie situatien ef hunger
and misery of millions ef its peeple.

Out of the 300 million undernourished ehildren in
the world, 30 million children are in India (Nayar, 1977) and
every year a million more shildren are viotimised as a result
of severes malmutrition (Devadas, 1977). The wide prevalence
of malmutrition i» reflected by the high morbidity amd mortalisy
rates, especially among the vulnerable group-the worst sufferers,
The gensral mortality rates of the different age gromps in
the developing countries are 10 to 40 tines those of their
counterparts in the affluent areas (Mahler, 1976).

Malmetrition, especially protein energy malnutrition
and infections have a synergistic influence on the physical
and mental development of children (Cravieto, 1971} Devadas, 1978;



Me Namara, 197353 Bengoa, 1974; Behar, 1976 and Devadas 1977)
and sn the health, working sapacity and productivity ef
adults,

This universal problem of malnutritien has been
a severe blow to the develeping couniries where the population
on the one hand and food production en the other never come
closer. Inadeguate intakos 0f calories and other dietary
essentials, along with several other factors worssn the attask
of this ‘enemy of mankind'y To fight malmutrision, develeping
countries like India have to give due consideration and
attention to the utilization ef the existing resources to
the utmost. Cereals like rice, Jowar and ragi whieh are the
staple, provide proteins to some extent in addition to giving
snergy, 2s the average Indian diet rarely eontains a protein
rieh food especially foods of animal erigin. Consequently,
plant foods have to be depended upon fer meeting the protein
needs (Borlaug, 19733 Oliveida, 1973; Swaminathan and Jain,
1973; Crisp, 1974; Nilner, 1974 and Betschart, 197%).

Legumes often are the only protein component ef diets,
either alene, or in combination with cereals, and this common
man's food has to be fully used in attempting $o decreass the
pretein gap. (Swaminathan, 19735 Berg, 1973; Borlamg, 1973;
Oliveira, 1973, Jatffe, 1973 and PAG/UN, 1975). Though many &
novel pretein food is deing develeped, exploitation of the



existing eonventional, less expensive, widely used sources
ef food proteins will yield hetter results in the leng rwa,
for the people helonging to the low socie~economic strata of
the society who are also invariadly undernourished and male

nourished have an easy access to these foods,

Legunes supply not oaly proteins but also ether
important nutrients to the diet im addaition to providing
energy. Legumes have been ia use from ancient times and
various metiods have been used to improve their nusritive
value and render them more palatable, digestidle and tastier.
(Kylen and Mo Cready, 19735) Germination is a very simple,
inexpensive methed of home~8cale processing wich increases
the nutrient content, improves the availability and digestidility
of legumes (Babu, 1976; Subbulakshmi et gl 1976 and Ganeshkumar
and Venkataram, 1976). This method ef processing 1is being
widely used in South India $0 sprout some of the commonly used
Zegumes like green granm, herse gram, ocowpea and e¢hick pea
(Pretetin Foods Association ef India, 1973} Sreekantaradhya,
et al 1975; Babu, 1976 and Krishnamurthy and Rama Rao, 1976).

With a few exceptions, legumes have been greatly
ignored from the point ef view of research and related efforts
to inorease preduction (PAO/U,N., 1964; Olivesra, 1973; PAG/UN
19733 Milner, 1974 and PAG/UN, 197%). Information regarding



the changes in the nutritive value and availability ef
proteins of lagumes as s result of sprouting is still limited,
This investigation is a step towvards this end., Horsegram

and green gram are two of the most commonly used legumes

in South India (Babu, 1976), and horsegram being less expensive,
seons to be the favourite 0f the poorer sections of the
population especially in Coimbatore district (Devadas gt gl
1973). Hence, this investigation has been planned to evalmate
the protein guality ef sprouted horsegram and groean gram
supplenented with skim milk at 5 per sent level, alone or
with additional supplementation with the limiting sulphur
containing amino acids, on aldino rats.



II REVIEV OF LITERATURE

The literaturs pertaining to this study on Evaluatien
of the protein quality e2 Sprouted horse gram and greem gram
is reviewed under the following headss

Place ef proteins in human dietaries
Legumes -~ Conventienal sourees ¢f food proteins

Effects of germination on the mutritive valne
of legumes

D Evaluatien of protein quality
A [ otein die [1 1]

Protein is essential for both growth and maintenance
of the human body, Protsin deficiency results in various
eliniecal and subclinical senditions such as decreased growth
rates and poor physieal and mental develepment in childrenm
and adolescents, and impaired health, resistance te disease
and reduced working efficiency iam adults, (FAO/U.N., 196A),
Research has suggested that the intellestual development of
infants and children is impaired by inadequacy of dietary
proteins (Cravioto et al, 1962; 1966; Read, 1968; Moneckebersg,
19683 19693 Cravioto ¢t al 19693 Frisbh, 19703 Cravioto, 1970;
Gopalan, 19703 Frisch, 19713 Mc Cance, 1971; S8-rikantia and
Yogananda Sastri, 1971} Craviete ot al 1971} Mo Namara, 19733
Tizard, 1974} Labouisse, 197% and Behar, 1976).



The FAO (1966) has reperted that those countries
with lowest per ecapita daily protein and caloric censumption
are alse those with the lowest productivity.

The saloris supply availadble/person/day in India
averaged akout 2000 during the decade 1963-78 against a
requirement of a 1little over 2200, By oontrast the protein
supply averaged about 350g/day/person against the average
requirement ef 30g., and the recommended allowance of 36g.
based on ICMR recommendation and those ef WHO/FAO, 1963, 1971
(Sukhatme, 1973). PFor pretein, far from the overall gap,
there is a large excess, Even so, protein deficiency is
videspread because of uneven distridbution., An association
between protein and calorioc intakes is to be expected since
the majer source of energy, as of proteins, is the staple
oereals in the diet at least in the low inceme groups, So
the problem ef protein amalnutrition is secondary to inadeguate
caleric intake (Gopalan, 197%).

It will be seen that as long as the caleric intake
is limiting, bdut pretein intake is net,thers is a less of
body preotein, It is not until the ealoric intake exceeds the
calories needed for maintenance of body that protein is
fully utilized (Sukhatme, 1973). As long as the energy
intake is below the level for maintenance the bedy will tend

to use even its own tissues to meet the energy needs. A diet



defiecit in ealeries i compensated for, dy reduced aotivity
but the hody has no comparable meehanism for protein
deficiency. (Nutritien and Food Seience, 1974). So adults
‘adapt' to Protein Energy deficiency by a loss of weight and
reductien in voluntary werk, children ‘adapt? by retarded
growth rates as well as by increased activity. Such adapta.
tions are unacceptable as a nmational policy. Sen Gupta (1974)
quoting the work of Scrimshaw says that in some developing
oountries, people even receiving adequate calories could nos

discharge full day's work because of insufficient proteins,

Pood policies that have the aim of simply inereasing
the average protein intake per head ef the population may
be totally ineffective in decreasing the ineidence of defieciency,
since in practice, the extra pretein consumed will not be
uniformly digtributed. The enly peliey measures that are
likely to De effective are those aimed at improving food
distribution relative to needs, as well as ensuring an
adequats overall supply ef foods (FAO/WHO, 1973 and Nagarajan,
1977).

By now, it is well accepted that supplying adequate
amounts of high quality protein to the population im develeping
eountries is not an easy endeavour (lrnlsnnt. 1972). A large

number of grain legume and eil-seed legume crops can be



helpful in  alleviating the protein orisis ef the develeping
natione, (Patwardhan, 1968} Aykroyd and Doughty, 1964;
Borlaug, 1973; Oliveira, 19733 Anonymous, 1973; Swaminathan
and Jain, 19733 PAG/UN, 1973). The food legumes are the

step children in the family of man's food creps (Roberss, 1978).
With a few exceptions they have been largely ignored from

the standpoints eof research and allied efforts to increase
preductien (FAO/UN, 1964; Oliveira, 19733 PAG/UN, 1973

and Milner, 197A) although the potential use of food legumes
as sources eof protein to improve human nutrition has long
been on the minds ef people interested in Foods and Nutrition
(Jatte, 1973).

Legumes ferm part of the daily diet of India(Yadav
and Bharadwaj, 1974§ Sundaravalli and Desai, 19733 Protein
Foods Association ef India, 1973. and Swaminathan and Jain,
1973), and form the only source of protein for about 30 per
cent of the rural population of the develeping countries
lying in the sropiecal belt (FAO/UN, 1964} INCAP, 1969 ana
PAG/UN, 1975).' Legumes have & high content ef protein (20 to
25 per gent) and are nusritienally important smong vegetable
foods (Aykroyd and Doughty, 1964; Bressani, 1973; Burr, 1974;
Adams, 19743 Gritton g% gl 1975; and Subbulakshmi et al 1976).
Food legumes or pulses ocoupy & unique position in Indian
agriculture and no ether country in the world has so such
area under these e¢rops as dees India (Swaminathan, 1971 and
Swaminathan and Jain, 1973),



There are about 20 species 0f food legumes that
are used in appreciable amcunts in the lmman diets in one
part er another ef the werld (Roberts, 1978, and Melina o% al
197%), depending on the diesary patterms, availability and
local traditions (Patwardhan, 1962), Legumes are very
adaptable and are found im all agroecological conditions
(rA0/UN, 1964),

Dry legumes have been galled 'Poor man's meat?,
a designation of interest and imporsance from historieal and
other stand points. In the first place, it implies a meat
substitute, But in the developed countries, legumes are now
an almost insignificant item in the diet and their consumption
48 tending to decrease. They ean no longer be ealled ‘Poor
man's meat'! there,as even people in the lowest income groups
get real meat, Legumes assume greater importance in countries
vhere starchy roots and fruits replace cereals to a large
extent as staple foods (Aykroyd and Doughty, 196A).

Legunes contain 60 per cent of carbohydrates, 20 to
30 per cent protein and 1 to 8 per cent fats. They also
contain 9.4 to 0,5 mg/100g. of thiamine, 8.0mg/100g, of
riboflavin, negligidle amounts of B earotene and ascorbic
asid, But they are rich in caleium (100 mg/100g) and iron
(7mg/100g). Thus, legmmes supply not enly proteins but alse
ether essentials. The high protein content is itself a fact



of great significance, but, the contribution whieh any
protein makes to the fulfilment of requirements depends not
only on the quantigy im which it is present in the diet, but
alss en its quality which in turn depends em the amino acid
composition. The majority of reported Frotein Efficiency
Ratios for legwme proteins are between 0,3 to 1,5 and the
Biological Value hetween A0 to 50,

The value of & protein depends on 1ts content of amino
acids, since the amino s20ids are the units used by the erganism
for grovth and maintenance, Legume proteins are poer sources
of sulphur containing amino acids methienine and cystine
(Aykroyd and Doughty, 196A; Swaminathan, 19673 Bressani, 19733
Jansen, 19733 Adams, 1974; Milder, 1974; Burr, 19743 Gritton
et al 1978 and Liener gt al 1977). Many are also somewhat
deticient in Sryptophan, isolsucine and threeunine, Lot protein
digestibility is a setious natritienal prodblen in most feood
legumes, Legumes contain toxie substances ~ trypsin inhibiters
haomagglutinins, goiterogeniec factors, cyanogenic glycosides,
lathyric facters and compownds causing favism (Bressani, 1973).
One of the best known problems that results from consumptien

of legume foods is ingreased flatnleace (Bressani, 1973).

Even with all these disadvantages legumes fare well
against cereals, because 8f their high contens of lysine which
is limiting in cereals (Bressani, 1973) Jansen, 1973). It has

been shown that small amounts ef legume proteins added to
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cereal grains improve the amount ef mtilizable protein in

the mixture by their mmtual supplementation (Aykroyd and Doughty,
1964; Bressani gt al 19683 Alyar and Sreenivasan, 1972; Bressani,
19733 Jansen, 1973 and Gritten et al 1973).

Fortification of legums proteins with sulphur
containing amino aci@s and supplementation by means of ether
proteins have also been suggested as measures of increasing
protein utilization from legumes. Studies by VWoods ot al
(1943), Russell et gl (1946), Lehrer st al (1947), Jatfe
(1949), Bressani, Elias and Valiente (1963), Kakade and Evans
(1963), Clark ot al (1966), Swaminathan (1967), CFTRI (1970),
Bressani (1973), Lachance (1973), Jansen (1973), Oliveira (1973),
Burr (197%) and Liener st al (1977) suppert this statement.

Contribution eof legumes to dlets in develeping
gountries is limited by their searcity. In India, diets
comprised of 80 per cent ragi, rice or maisze and 20 per cent
legumes would meet the needs of growing children and expesctant
or mursing mothers (Swaminathan and Parpia, 1971). Legumes
have been used in the preparation of lowv cost protein foods
(Subramanyam et al 19%7) weaning foods (Narayana Rao, 1960) and
Protein foods used in the treatmens of Xwashiorkor (Venkata=
chalam ¢t al 1956).

The Protein Advésory Group recommends urgent research
attention to 6 majer species of legumes ~ dry beans, pigeon

Peas, cow peas, ohiek peas, broad bdeans, peas, peanuts and
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soy beans, While increased yield and improved consumer
acceptance gqualities are primary ohjectives, priorities are
alse proposed for genetie improvement ¢f various mutritional
factors, These include increased protein conoentration,
higher methionine and cystine levels, augmented lysine vhere

feasible and protein digestibility (Milner, 197A),

India, in common with o ther develeping ocountries 1is
being successfully persuaded to expand the production of semi-~
oonventienal proteia in the name of commitment to combat
malnutrition, In fact, this effort amounts to a 1ittle more
than adding to the dietary variety and eaters more to the
needs of those who already have enough er more to eat (Milnwsr,
197A). 1Instead, the conventienal sources especially legumes,
which provide the dest means of attacking the protein prodlem
and which have a very great potential for increasing yields
and produetion could be tapped to the maximus (Roberts, 19782).

c n on the nu tive v £ le $

Prooessing 1is a pre=requisite for several foodstuffs in
erder to improve their palatability amd digestidbility. The
methods fmproved in processing ef food vary widely and the
nutritive value may be improved or diminished depending en
the method adopted (Badu, 1976). Some of the commonly adopted
methods are ceoking, heating, roasting, dehydrating, auto-
elaving, germinating, fermenting and soaking.
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The ancient prastice of sprouting seeds fer feod
use is increasing in popmlarity (Kylen and Mc Cready, 1975).
Legumes, sprouted and unsprouted constitute a majer source
of food proteins (Patwardhan, 1961). Legumes are eften
sprouted and eonsumed. Some of them like chickpea, cowpea and
green gram (Protein Poods Association ef India, 1973) and
bengal gram (Babu, 1976) are consumed after germination which
is a very simple procvess,.

Young in 1782 observed that germinated seeods aequired
antiseorbutic prepersies (Chayen, 19%53). During sprouting,
the ascorbic acid is converted to dehydro-asecsbie acid which
possesses full biological activity by the ac$ion of ascerdic
acid oxidase (Chattepadhyay and Bannerjee, 1952). Thiamine
content is not affected but there is an increase in niacin
content of 350-100 per cent in 48 te 72 hours and even greater
increase in available iron (Banerjee and Banerjes, 1950).

The dry seeds have measurable amounts of ascerbic acid
(Anlberg, 1935; Bhagvat and Rao, 19A2; Craviete gt al 1943)
but the amount is increased by germination (Ahlberg, 1939).

Kylen and McCroady (1975) have shown higher protein
content of sprouted alfalfa and lentils. This is in support
with results of earlier studies by Klain (19%5) who reperted
rise in amino acide in seeds during germination. Shastri
8t a1l (1975) found mo biogenesis of thiamine but ef riboflavin,
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the maximum lovels at 72 hours ¢f germimation in Dolichos

Lad lab, A similar pattern has boen noted by Nath and Shastri
(1966) while germinating mung bean., A fluctuating pattern
was obtained for niacin and no significant biogenesis could
be seen (Shastri et al 197%) whieh is different from what

has been reperted by Burkholder (1943) during germination of
oat, wheat, barley and maisze.

Subulakshmi g% al (1976) have obssrved a progressive
inerease in nom=protein nitrogen with a decrease in protein
nitrogen in horse gram and moth bean en germination, The
digestibility was also increased in both the legumes after
gernination (Ganesh Kumar and Venkataram, 1976). A decrease
in starch content was also noted supporting the statement of
Hsu ot al (1973). .

Babu (2976) has reported a marked increase im the
foliec acid levels of bengal gram and ragi atter germinatien
similar to that observed im garden pes by Rose and Ceasins
(1971).

During germination the seeds undergo pronounced
metabolie change and the strustural profile ef the various
metabolic components are altered (Xoller gt al 1962)e Proteins
are hydrolysed to form simple peptides and amino acids

(Rogers, 1968; Altschul gt a1 1966 and Mayer g% al 1968),
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due to protease activities (Danielson, 1931, Varner, 1965 and
Beevers, 1968). Changes in trypsin inhibitor and hemagglutinin
activities during germination have alse been reported
(Chattopadhyay and Banerjee, 19333 Kakade, 1966} Simm and
Liener, 1970 and Maner amd Pond, 1971).

Rats fed cowpeas soaked for 36 hours showed superier
weight gain and Protein EBfficliency Ratio compared to that
of rates fed unsoaked peas (Onajimi ot al 1976). This also
suggests that soaking has a benmficial effect related to
destruotion ef trypsin inhibhitors er synthesis ef ether
factors. Ray (1968) has shown that when raw horse gram was
fed te rats at 10 per cent protein level, it induced high
mortality indicating that either the rav seeds sreated am
extreme nutritional imbalance or possessed some toxic substance.
Autoclaving improved the growth performance remarkably, while
germination did not bring any such improvement, But there
was no toxiec effeot and mortality index was reduced appreciably.
Ray (1968) also found that the intake ef raw horse gram was

low,compared to casein and autoclaved horsegram,

D Eyaluatien of pretein auslity:

The dlelegical utilization of proteins depends upon
many factors suoh as protein content, protein guality and
protein digestibdility (Kakade, 1974). The protein nutritive
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value or utilization may be defined as Sthe ability of a protein
%o provide a pattern of amino acids im proper concentration
similar to body pretein, although a quantitative aaspoet of
protein guality has been only recently reemphasised in evaluating
the utilisable pretein from various sources (Hegsted, 1969),

The effieiency with whiech a protein is used for
grovth or maintenance is a measure ¢f its guality which is
predominantly determined by its Amino acid compositien
(PAO/WHO, 1973). Campbell and McLaughlan (1970) outline
the main reasons for developing methods of evaluation eof
preteins to be 1) to provide a prosedure for ranking proteins
socerding te their efficiency of utilization under some set
of standard conditions and 1i) teo compare the efficiency ef
utilizatien of proteins as sources eof nitrogen and amino
acids for meeting the amino acid requirements of man and
animals,

The methods available for the evalmatien of protein
quality as suggested by Bloek and Mitchell (1946) and Venkat
Rao gt al (1964) are given belows

Methods based on growth and body weight changes
Methods based on ¢arcass nitrogen analysis
Methods based en nitregen dalance

A 0 »

Metheds based en regeneration of blood and liver
constituents
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% Determination of availability ef amino acids
6 Chemieal scoring methods

7 Miscellaneous methods

b | od wth o ht ¢ (11}

) Eretein Efficiency Rgtle (PER)s

It is the simplest method eof determining protein
quality since it requires no ehemical measurements (FA0/VWHO,
1973). Protein Effieiency Ratie (PEL) is defined as the weight
gain of a groving animal per gram of proteim consumed
(Beaton and MoHenry, 196A; Munro and Allison, 196A). Venkat
Rao ot gl (1964) state that many factors are likely to affect
the PER values, the most important being the level of pretein
in the diet, age, sex, strain of rats, variation in feod
intake and duration of experimental peried., However this
method has been eriticized by Hegsted and Chang (1963, Hegsted
(1971) and McLaughlan, and Camphell, (1974) since the values
are not directly proportional to the nutritive value of the
protein tested., |

®) Net Protein NPR )3

This method introduced by Bender and Doell (1957)
is a modification of the PER method, This method makes an
allowance for protein requirement for maintenance. The ratie s

¢aleculated as
Gagn in Wt. (g) of the ¢ loss in Wt. (g) ef the
test growp

NMR &
Protein intake (g)
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s) Gress Protein Value (@PV):

Venkat Ras gt al (1964) report that the Gross Protein
Value was first suggested by Heiman gt al (1939)and modified
by Carpenter ot al (1957) later. The gross protein value eof
a supplementary protein is caleulated as the extra growth
ebtained with the supplementary protein and expressed as the
perecentage of the oorresponding figure obtained with casein

as test supplement,

4) Nitrogen Growth Indexs

The slope ef the line relating growth rate to
nitregen intake oger a period ef 28 days has heen called
Nitrogen Growth Index (Venkat Rao et al 1964),

2 Jethods based en earongs nitrogen analysigs
a) Nitrogen Retention Methods

THis method intreduced by Shankers and MeCollum
(1929) considered growth as well as nitregem dalance.

Ny retention perecentage = Gain in body N, (g) X 100

Ng intake ()
\
It is the percentage of nitrogen retained in the

body.
) Net Fretein Utilisation (NP¥)s

This method developed by Miller and Bender (199%%)
1s based on the principle ef evaluating protein guality by
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& bielegical test of mitrogen utilisation. NPU 1 defined
as the proportion of intake nitrogen that is retained im
the body under speeified conditiens,

NPU w Biological value X Digestidility

e¢) Net Pletary Protein Cal % (!Dp Cal %)3

This method found useful by Plast in 1961 for
evaluation ¢f human diets takes into account the utilisable
protein content of a diet in terms of ealories,

Retained N X 6,85 X & X,Cal
ND_ Cal® =
» Total food intake X K.Cal/g. of food

3 lietheds Nhaged on Nitrpgen Balances
a) Nitregen Balances

Nitrogen balance is the balance struck detween the

intake and excrettion of nitrogen by am animal,

Bilelogic value = % of the absorbed nitrogen retained,
(Beaton and McHenry, 1964)

The method of Thomas (1909) modified by Mitehell
ot al (1945) ts used. The following data are required,

Endogenous nitrogen (/,) = Urinary ¥ when a B free diet

is fed
Metabolie nitrogen (F,) = Fecal N when mo N $s fed
Dietary nitrogen (0 m N fed during test
Urinary mitrogen ( = Urinary N during test
Fecal nitrogen ( = Fecal N during test
Absorbed ¥ = n«(r-g)
Retained N = Absorbed N~(U-U )
Retained N *
Biologiec value - X 100
Absorbed N

B-~(F-F ) . (v-3,)

00
" =(F-F,.) X1




») Digeatiidbil -gfficients

Measurement of digestibility co-~effiecient is an
inevitable part of the N bdalance method.

Digestivility Co-efficient (DC) 1s the proportion

of food nitrogen that is absorbed,
Food N absorded

Pood N intake

¢) Eitrogen Balange Index:

The nitregen balance index is the slope ef the lime

DC =

relating nitrogen balance to absorbed nitregen, In most
circsunstances. this is equivalent to Bigolegic Valme. This
method was introduced by Allison and Anderson in 1943,

d) Egx Replacement Vulues
Clark ot gl (1949) define Egg Replacement Value as
the extent to which a test proteim will give the same Nitrogen

Balance as an equal quantity ef egg pretein,
N balance (test)~ N balance (egg)

BRYV w
N intake
A Nethods baged on regeneration of blood and liver
constituentss

Regeneration of specifie proteins er proteins of
selected organs after depletien may have special merit,
Regeneration of plasma proteins (Miller ot al 19A43), haemoglobin



sampbell and Kosterlits, 1948) liver RNA and activity ef liver
xanthine oxidase and Succinie dehydrogenase (Muramatsu and

Ashida, 1963) are examples.

5 Dgtermination of avajlabjlify of amine acidg:

The suggested methods for the determination of the
availability of amino aeids are microbielogical methods
(Fernell and Rosen, 1956 and Orten and Orten, 1957) chemical
methods (Venkat Rao ot al 196A) enxymatic methods and assays
using chiek or rat., These methods are not used widely due
to inherent short comings (Campbell, 1961).

6 Chemical Scoring Methodpss

a) Amino Acid Scores
An amino ascid scere can be caleulated when hoth

total nitregen or protein and the concentration of the first
1imiting amino acid are known (PAG/UN, 1979).

The pattern that should be used is the 1973 Joint
FAO/VWHO provisional reference pattern (FAO0/WHO, 1973) whioh
s an estimate of the amino aeid requirements ef young
ehildaren.

The quality of a protein may he estimated from
its amino aeid composition im eomparison with the reference
pattorn amine acids. The content of each of the essential
anino acids of a protein is expressed as a pergentage of a
standard; the lowest percentage is taken as the score,
Bleck and Mitchell, (1946).suggested that since all amino



acids must be present at the site e¢f protein synthesis in
adequate amounts for protein synthesis to proceed, an equal
percentage defieit of any essential amine acid would limit
protein synthesis to a comparadble degree.

Generally amino asid scores are calsulated as the
percentage of adegqusecy rather than as defieita.
Mg.of AA in 1 g. of test preotein

AA Scorew X 100
Mg. of AA in reference protein

») Essantial Aming Acid Indexs :

Essential Amine Aeid Index (EBAA Index) is defined

as the geometric mean of the ratios of the essential amino
acids in a protein to those of a standard (Usually egg protein),
Oser (1951) develeped this method ef computation,

7 MNiscellancoup methodss

Longnecker and Hause (1961) and Venkat Rao et al
(1964) have explained that the patterns of amino aeids in
protein markedly influence She level of some free amino
acids in the dlood. The most limiting amine acids are elevated
to a lesser extent and possibly guantitatively related to
the amounts needed. Murlin et al (1948)showed a linear
relationship between the Biologic¢ value and urinary ereatinine

of animals fed different ranges ef proteins,
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Though a wide variety of methods are available,
only two methods namely PER and NPU have been recommende:d as
the most suitable methods fo¥r the evaluation of She guality
of dietary proteins (Food and Nutrition Beard, 1963).



IIX EXPERIMENTAL PROCEDURE

This study aimed at evaluating the protein quality
of sprouted horse gram and green gram on: alvine rats. The
prosedure included:

Sprouting of the legumes
Nutrient analysis

Formulation of the diets
Seleotion and greuping ef animals
Bvaluation of pretein quality

® U O w >

A Sprouting of the legumess

Horse gram (Dolichos uniflorus) green gram (Phaseolus
aureus) from the local market were sleaned and soaked ia pure
water for six bhours at the end e¢f which they were tied im
separate sloths and allowed t0 sprout., The sprout length was
kept constant at 2 to 8.5 cm. for both the legumes and at the
end of 30 hours (for green gram) and 36 hours (for horse gram)
when the sprout length was equal in both ecases, the legumes
were taken carefully with the sprouts, dried and powdered,

A sprout length ef 8 to 2.5 om, was chosen bhecause it 1s at
this stage that these sprouted legumes are normally censumed,

B ut nt analysiss

Nutrient analysis was done in horse gram and green
gran sprouted for 12 hours, 24 hours, 36 hours, 48 hours and



Bo hours respectively., Ascorbic acid was estimated using

the dye method, when the sprouted grams wvere fresh, For all
other eostimations, the sprouted legumes were dried and powdered,
Protein, caloium, iren and phosphorus were estimated in the
dried samples using the procedures given im the ICMR Manual
(1971).

€ [Formmlotion of the dietss

As earlier studies by Ray (1968) have shown that
horse gram alone ineverporated at 10 per cent level resulted
in high mortality, skimmed milk powder was used in this
experiment to provide half ef the prﬁt.&n (S per cent). Raw
and sprouted green gram and horse gram formed the protein
sources for the diets along with skimmed milk powder at
10 per cent level. NEC (1963). Gyorgy (196A4) and Srinivas
2t al (1969) suggest 10 per oent as the i1deal level for PER
determinations,. Refined ground nut il was added te make the
fat content upto 9 per cent after caleoulating the fat in the
food, Vitazinised starch, vitaminiskd o1l and mineral mixture
were added aecording to ISI standard (197A) te ensure adequacy
in other nutrients, Corn starch vas added to make up the
diet composition to 100, Twelve diets were formulated in
all, six each with herse gram and green gram respecsively.
While rav and sprouted horse gram and green gram formed the
protein component of four Aiets along with skimmed milk powder,
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supplementation with O¢3 per cent methienine and 0,3 per cent
methionine and 0,5 per cent cystine were alse done :to both
rav and sprouted herse gram and green gram in the other eight

diets. The percentage composition of the twelve diets is
given in Table I.
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P Selection gnd grouping of ratss
Animals from the ladoratory stock colony were ghosen

and gromped $hus:

1) 120 weanling male rats 21 to 24 days eld, (Scott and Quint,
1946) were ohosen and grouped inte 12 groups ef 10 rats each,
the average weight of the rats im a group falling bhetween
54,2 t0 AA.9 g. 11) The rats were housed in individual cages
with provisien for water and food ad 1ibitum,

D Evaluation of protein smalitys

The rats were placed on the experimental diets ~d
1ibitum nsing the procedures ef Devadas and Suston (1961)
NRC (1963) Droubisces and Bowland (1969). The diets were
veighed mixed well with wvater, steamed and fed daily., The
loft ovir food along with spilt food was dxried in an oven
and weighed, the following day. This weight subtracted from
the weight ef food given, gave the veight of food actunally
consumed by the animal.

A resord of daily food intake was maintained, The
feeding was continued for 28 days (KRC, 1963). The rats
were weighed every second day and a recerd of the weight
gain maintained,

1) Neight gain and fyod intakes

It has been generally accepted that the growth of
weanling rats under standardized condition? provides a reliable



measure of the value of dietary proteins (Campbell, 1961),
Both weight gain and food intake which reflect the quality eof
the protein given (Munro and Allisen, 1964) served as the
basis of evaluation of the diets tested.

11) PERs
The total intake of protein was calculated for sach
rat from the total food intake. From the weight gain and
intake of pwotein, the protein Efficiency Ratioc was calomlated,
Gain in weight (g)

NRC, (1963) Beaton
PER ’
“ Total protein intake (g) and MoHenry (1964)
111) Hepatie whight gnd nitrogen:

Livers econtain labile proteins and respond to an
increase in nityogen inthke and teo improved nutritive value
of dietary proteins (Allison st al 1968)

At the eonclusien of the experiment the rats vere
sacrificed, the livers removed, cleaned of bleod and weighed,
They were then grouped so as to have 3 groups per diet en the
basis of weight, The pooled livers were homogenised well and
the nitrogen content uas estimated taking 0.35g aliquots in
triplicates using the Microkjeldahl methed (Hawk ot al 1963)

iv) Apparent Digestibilitys

During the last A& days of the experiment, faeces
was collected giving ferrio oxide as the marker. The faecal
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matter collected was brushed eff from food and hair, weighed
and preserved in polythene bags., They wers then grouwped

s0 as to have 3 groups per diet on the basis ef weight, The
pooled faecal matter was finely ground, mixed well and the
nitrogea content estimated dy taking 0.%g. aliqwots in
triplicates using the microkjeldohl method (Hawk et pl 1965),

From the data on faeeal nitrogen and nitrogen
intake thus obtained, Apparent Digestibility was calculated
using the fermla,

Total nitrogen absorbed
Apparent Digestidbility = ‘X 100

Total nitrogen intake




IV RESULTS AND DISCUSSION

In this investigation an attempt was made to svaluate
the protein quality of two commonly used pulses, namely
horse gram and green gram, in the raw and sprouted forms using
aldino rats. Aeccordingly, both these legumes were fed at %
percent pretein level, the remaining $ per cent cofting from
skimmed milk powder, since as indicated by Ruy (1968) incorpora-
tion of horse gram alone at 10 per cent level results in high
mortality. Sprouting was carried out im such a manner that
a sprout length of 2 te 2.5 ca. for both the grams was kept
eonstant, as these r-proiont the stage at which spromted
legumes are nermally censumed, In erder to further enhance
the protein guality Supplementation with the most limiting
amino acids methionine and cystine (0.3 per cent level) te bdeth
the raw and sprouted forms was also investigated. The results
obtained en feeding the above diets to a group of young
weanling rats over a period of 28 days, on their weight gains,
Protein Efficiency Ratio, Liver constituents and Apparent
Digestibility are presented and discussed under the fellowing
headings;

A Analysis eof the mutritive value of the sprouted
grams

B Body weight gains of rats
Food and Protein Intakes
D Hepatic Veights



F Hepatie nitrogen
@ Appapent Digeatibility

A s the tritive value of th unted s

Both horse gram and green gram were sprouted and at
a time interval o5 30 to 36 hours, a sprout length ef & to 2,5 em,
a common edible length was obtained, In erder to evalmate
the possibdility of nutricnt changes, two six-hourl]y intervals
below and above 36 hours were chosen and the sprouteéd grams
thus analysed for protein, calcium, iron, phosphorus and

ascorbie acid contents. The values obtained are presented
in Table IX.
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Sprouting does not seem to have made any appreciable
differences in the protein, caleium, 4iron and phosphorus contents
of the legumes when compared with the raw values, Om the
contrary, the ascorbic acid content seems to have increased
consideradbly with increase in the length of the spromting
peried. These results are in tune with the results reported
in the literature for other legumes that tetal protein does
not appreciably change on sprouting (Kylen, 1975, Fordham gt al
1973 and Subbulakshai et al 1976).

As far as the ascorbic acid content is conserned,
an snormous amount of 8200 to 400 per cent increase in legumes
1ike Bengal gram and green gram has been reperted by Ahlberg
(1955), Bhagvat and Rao (1942), Chattepadhyay and Banerjes,
(1952), Dhand (1964), Aykroyd and Deomghty (1964), Babu (1976),
and Rajalskshmui (1976). Banerjee and Banerjee (1950) Singh
and Banerjee (19353) and Rajalakshmi (1976) have reported that
although the irem centent may net appreciadly change, Shere
seems $0 De a change in the available iron due to sprouting.
Though the increase in ascordic asid inoreases upto a 72 heour
sprouting peried, fer purposes of human conswmptien, a.npront
length obtained at 36 hours, seems t0 be more reasonable gnd
at this stage also about 100 per cent increase in ascorbdio
acid 1s perceivable.  Hence for the purpose of this investigation ,
which was mainly aimed at studying the proteim quality ef
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sprouted grans, sprouting for a period of 36 hours was chesen
te be more appropriate, Though there is no ehange im the
total protein content due to sprouting, pessible changes in
the availadility and improvements in digestibility have been
reported by Chattopadhyay and Banerjee (1933), Aykroyd and
Doughty (1964) Kakade (1966) Subbulakshmi ¢t al (1976) ana
Babu (1976) and hence is within the spectrum of the aim eof
this investigation. Changes in the pattern ef amino acids which
in turn would lead to improvement in protein quality are also
speculated (Klain, 1955) dut the analysis ef amino acid per
80 was not within the scope of this investigatien.

B Body weight gains of ratss

The mean initial and final weights and the total
weight gains of the rats fed the twelve experimental diets,
for 28 days are presented im Table IXI., The individual initial
and final weights are given in Annexure II.
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The highest inorease ia weight (88.49g.) was
registered by rats fed sprouted horse gram, ¢ skim milk <
methionine (Diet VII). The lowest increase was exhibited by
the rats fed raw horse gram + skim milk (Diet I) 51.7A g.
Statistical analysis indicated that the differences im weight
gain of rats fed sprouted horse gram ¢+ skim milk + methienine
(Diet VIX), Sprouted horse gram + skim milk ¢ methionine ¢
oystine (Diet VIII), Raw green gram ¢+ skim milk ¢ methionine
(Plet IX) and sprouted green gram ¢ skim milk + methienine (Di:l x')
were not significant., VWhen weight gains ef ether diots were
considered, statistically pointing eut, rats fed Diet VIIX
(Sproited horse gram + skim milk ¢ skim milk ¢+ methionine),

Diet IX (raw green gram + Skim milk + methienine), Diet X

(raw green gram ¢+ skim milk ¢ methionine + cystine), Diet XIX
(sprouted green gram ¢ skim milk ¢ methionine + cystine)

and Diet VI (raw herse gram ¢ skinm milk + methionine + oystine)
were not significantly different. Again, the inerements in
weight between rats fed Diets IX (Raw green gram + skinm milk
methionine) Diet X (Raw green gram ¢ skim milk ¢+ methionine ¢
oystine), Diet XII (Sprowmted green gram + skim milk ¢+ methionine
+ eystine), Diet VI (Raw horse gran ¢ skim milk + methionine

+ oystine) Diet IV (Spromted green gram + skim milk) and

Diet III (Sprouted green gram ¢ skim milk) were not statistically
significant and also those detween Diet X (Raw green gram +

skim milk + methionine + cystine) Diet XII (Sprouted green gram +



skim milk ¢ methionine ¢ cystine) Diet VI (Raw horse gram ¢
skim milk ¢ meShionine ¢+ oystime) Diet IV (Spromted green
gram + skim milk) Dies IIX (Raw greem gram + skim milk)
Diet V (Raw liorse gram + skim milk + methionine) amd Dies IIX
(Sprouted horse gram ¢ skim milk),

However, all the diets were signifieantly superier
te Dlet X (Raw horse gram ¢ skim milk) at 1 per cent levsl.
This indicates that hoth Dieta VII {Sprouted horse gram ¢
skin milk + methionine) and Diet XI (Sprouted green gram ¢
skin milk ¢ wethionine) where sprouted gram was supplement ed
with methienine alone seem to be having higher growth promoting
potential over that of all other diets and detween themselves
there does not seem to he any significant difference. Additdon
of cystine does not seem to enhranoce growth over and abeve
that of suppleasentation with methionine alone. Raw herse
gran as such oeven ¥ith a § per cent skim milk supplementatien
dses not suppert growth in experimental animals and this may
be due to the lower digestibility in the rav state eor due to
the presence of anti nutritional facters like trypsin inhibitors
present in 1%, Ray (1969) studiecd the effeet of raw and

autoclaved horse gram in growth promotion with albine rats
and found that raw horse gram did not promote weight gain
vhersas antotlaving facilitated weight gain im aldino rats.
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In the present investigation also, raw horse gram seems %o
fall in line with the studies available in the literature
(Niyogi et al, 1931, Hirwe and Magar, 1953 and Ray 1968).

Sprouting horse gram secms t0 have improved weight
gain though not considerably, at least en par with raw horse
grams supplemented with skim milk and methionine. Raw green
gram on the ethexr hand seems to be hetter than raw horse gram
but en par with sprouted horse gram, 3Sprouting o0f green gram
per se does not seem to improve the growth potential, These
¢learly indicate that sprouting thCough seems to improve the
weight gain in the case of horse gram, methionine still remains
the limiting amino acid, whieh is evident in the consequently
higher weight gain of animals fed sprouted horse gram + skim
nilk ¢ methionine,

Figure 1 presents the marked differonces in weight
gains of uwates fed the 12 differeant diets. VWhile all the
' rats showed very slight iasprovements in the weigiit gain during
the first week, rats fod Diet YII (Sprouted horse gram ¢ skim
milk ¢ methionine)and Diet XX (Sprouted green gram ¢ skim milk
+ methionine) seem to Lave shooted up right from the first
wosk and the centinmous gains over the next 3 weeks are
markedly superier to that of the other dists, Figure 1,2,9
also indicate the growth trend of rats fed some experimental
diets which are marked by their growth promoting qualisy

Wnile sprouting ef doth howse gram and green gram
does not seem te have improved the growth poténtial.
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twe rats in the spreuted horse gram ¢ skim milk group (Diet IX)

have even lesser weight than the weight ef ene rat in the
sprouted horse gram ¢ skim milk ¢ methionine gromp (Diet VIIX)

€ PYood d [ takegs

The level of protein in all the diets was maintained
at 10 per cent level and hence the changes in tke protein
intake were directly related to shanges im food intake, The
mean total feod and protein intakes of rats fed the different
experimental diets are given in Table IV and the individual
food and protein intakes are given in Annexure I1I,
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PIG. 5. COMPARISON OF RATS PED GREEN GRAM==RAW, SPROUTED
AND RAW PLUS 0,5%% METLIONINE
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The animals fed sprouted green gram + skim milk +
methionine Diet (XI) recorded the highest food and protein
intakes (310.38g. and 31,04g. respectively) fellowed by rats
fed sprouted horse gram ¢ skim milk ¢ methionine (Diet VII)
(297.52g. and 29.7% g. respectively)., Rats fed Diet IX
(rav gresn gram 4 skim milk ¢ methionine) ranked third in
their food and pretein intakes and in the descending erder ef
food and protein intakes, the diets may be ranked as diet VIII,
XII, X, ¥, VI, IIX, IV, II and I respectively,

The analysis of the significance of difference in
proetein intake betwesn rats fed the different diets showed that
there was practically no difference between rats fed Diet VII
(sprouted horse grom 4 skim milk ¢+ methionine) and Diet XX
(sprouted green gram ¢ skim milk ¢ methionime) but these values
for these diets were significantly superior to all ether diets,
The difference in the protein intakes of rats fed all other
diets were also not statistically significant.

Food intake and subsegquent protein intake of rats
is a direct indicater ef the quality of protein (Munro and
Allison, 1964 and Hurt gt al, 1974). The higher intake of rats
fed Diets VII and XI when compared to those of the other
experimental dietes might be due to the improvement of the
quality ef these protein due to supplementation with methionine
which 1is the first limising amino aeid in puise proteins.



Burr (1974) and de Oliveira (1974) have found im their
studies with pudses, specially beans, that supplementation
with msthionine improved the food intakes of the ragsa,

A’coriolntton of food intake with body weight gain
indicates that greater the feod and protein intake, greater
is the body weight gain, for both Diets VII and XI, pretein
intake as well as weight gain are higher when compared to the
ether diets, Similar observations have heen reported by
Devadas ot al (1970). Narayanaswamy et al (197A) and
Chandrasexhar ot al (1976),

D Protein Efficiency Ratlos

The mean gain in weights, protein intakes and the
Protein Kfficiency Ratio (PER) ef rass fed the different
experimental diets are given in Table V. The detalls regarding

She same for all the animals are givea im Annexure IV,
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The highest PER Value of 3.09 was ebtained for
Diet VIIXI which had sprouted horse gram ¢+ skim milk ¢
nethionine + oystine as the protein sources. The PER values
obtained for Diets VII, IX, and XX with protein sources
sprouted horsegram + skim milk ¢ methionineg raw green gram +
skim nilk ¢+ methisnine and sprouted green gram +» skim milk
+ methionine wers 2,97, 2.90 and 2,80 respectively and the
statistical analysis indicated that the PER values for the
above & diets (Diets VIIX, VIX, IX and XI) were not signifi-
santly different. The lowest PER value of 1.68 was obtained
for raw horse gram ¢ skim milk (Piet I) and this value vas
significantly lower than all ether FPER values, Sprouting
increased the PER value to R.09 whereas addition of methionine
alone to rav horse gram raised the PER to 1.935. Addition of
methionine to sprouted horse gram increased the PER valuwe
to 2,97 which was further increased to 3.09 by adding eystine
as well, This value is similar te those PER values reported
for skim milk 3,08 to 3.26 (Devadas gt al 1970).

In the case ¢f green gram, rav green gram had a
PER value of 2,10 and sprouting increased it to 2,41, Addition
ef methionine to seither raw or sprouted green gram increased
the value of PER %o 2,90 and 2.80 respectively wvhich were not

significantly different. Addition of cystine along with
methionine though increased the value te 8.70 feor raw green
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gram ¢+ skim milk and 8,62 for sprouted green gram + skim milk
supplementation with methionine alone seems to be more
beneficial, It may hewvever be pointed out that since no
statistically significant differences were obtained for Diets VII
'and VIII (Sprouted horse gram ¢+ skim milk ¢ methiomine and
sprouted horse gram ¢ skim milk ¢ methionine ¢ systine res-
pectively) supplementation vﬁih methionine alons comld well

help te increase the PER for horse gram,

When PER values ars oompared with weight gains,
it is evident that to some extent the Diets VIIXI, VII, IX and
XX which ranked te be having statistically non significant
differences in PER values also promoted weight gains, which
were statistically non sighifioant. Again rats fed Diet I
(raw horse gram ¢ skim milk) which had the lowest PER had alse
& lower protein intake and subsequent lower weight gain.
Sgndies in the literature by Kakade and Evans (1968), Vijaya-
lakshmi (1969) Aiyar and Sreenivasan (1972) and Onajimi, Pond
and Krook (1976) show that addition ef methionine of su}phur
centaining amine acid improves the PER valmnes of legums: in
general., It has also been pointed out by Subbulakshmi et al
(1976) Babu (1976) and Ganesh kuuar and Venkataram (1976)
that aprouting of legumes has a beneficial effect in improving
the protein gmality., The results obtained im the present
investigation are in tune with She findings in the literastre
for other palses,
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The fact that sprouting increases the protein
quality may bDe asctibed to differences in the amino acid
prefiles which might further be enhanced by the addition eof
the first limiting amino acid methionine and it is recomnended
that further analysis ¢f the amnino se¢id profiles ef these
sprouted grams may prove benefisial, It is also possidle
to hypothise that in the raw state, both horse gram and green
gEram, particularly horse gram may have some antinutritional
faetors intervening with the utilization of the protein eor
is 1t due to the bulk eor fibre of these legumes in their raw
state which might have played an obstruetive role, Again,
the carbohydrate of these legumes, specially that ef horse
gran might have a role te play in itz interference with the
utilization of protein., These areas need farther exploration,

E Hepat W hts

The mean hepatic weights of the rats fed the
different diets along with the statistieal appreisal are given
in Table VI. The individual values ef the same are presented
in Annexure Y,
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Maximum liver weight of 3.17qwas recorded by rats
fed Diet VII rats fed Diet XI ranked nexs (5.16 g), Rats fed
Diets VIII and IX fellowed with a mean hepatio weight eof
&4,73¢ and 4,25g. respectively. All the ether diets ranked in
the descending erder as fellowss 3.93¢, 3.86g, 3.67g, 3.43x,
5.39g, 3.36g, 3.27g and $.20g respectively for Diets X, XII,
VI, IV, II, V, I and I1I., Rats fed DPiet VII containing
sprouted horse gram ¢ skim milk ¢+ methionine had registered
significant higher weights which were comparable teo that ef
sprouted horse gram ¢ skim milk + methionimne + cystine (Diet VIII)
but significantly superior to that of all other diets. In this
eriteria again, the diets Piet VIX, XI, VIII and IX which
had been ranking in the ferefront for all ether criteria seem
$0 be almost having potency im promoting hepatic weight whiech
are significantly higher than that ef rats fed all ether diets
in this experiment. Thisg again apeaks well of the effect eof

PyoYy ein
sprouting and addition of methionine in augmenting sources.

) 4 1l he [ nitrogen r £ the
liver semples
The mean hepatie nitrogen and nitrogen per gram of the
l1iver sample are given im Table VIXI and the cerresponding
indiviéual values given in Annoxure V.
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The highest hepatiec nitrogen was obtained by rats
fed Diet XI (181.69mg) and next ranked thoss fed Biet VII
(157.73mg). Next came in the erder, Diet VIXI (115.04 mg)
and Diet IX (113.36 mg). Other diets as far as the total
nitrogen is coneerned may be ranked as Piets XII, X, VI, V,
IX1X, XX and I (with mean hepatic nitrogen contents of 106, 16mg,
103,20 mg, 97.69mg, 9A.16ug, 84.%1mg, 83.47mg, 83.24mg,
and 75.6Amg respectively.

When nitrogen per gram of the liver sample was
considered Diet XX (31.75mg) ranked to be the best with
significantly higher retention over that of rats fed all ether
experimental diets. MNext ranked Diet VIXI (with a hepatic
nitrogen per gram of liver sample of 27.48 mg.) There was
no signifioant difference between the Diets I, II, IV, VI
and IX when nitrogen per gram of the liver sample was considered
a8 also those between rats fed Diets IV, VI, IX, IIXI, V and
X and Diets V, X, II and VIII. Diet I however was again the
least effisient in promoting nitregen retentien of the liver

as well,

Sprouted horse gram and gresn gram supplemented with
skin milk and methionine ranked significantly superior to
the other diets in improving the total hepatic mitrogen and
this higher hepatic nitreogen is partly due to the higher hepatic
weights of the animals fed the same diets. Devadas gt al
(1970, 1978). Chandrasekhar g8 al (1973, 1976) have reported
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that the liver weights were proportional to the hody weights,
The results of this study also indicate the same trend en
hepatic weight gain on eomparison with hody weight gains,
Addis et al (1940) Renry g% al (1958; 1961) and Kawatra g% al
(1970) have observed linear relationship betwsen hepatiec
nitrogen and protein quality. The higher the nitrogen reten~
tion in the liver, better is the protein guality ef the dies,
It may be that rats fed sprouted horse gram and green gram
when supplemented with methionine whieh had registered hetter
total hepatic weight and nitregen as well when compared te
the values for all ether diets is because this sprouting

and supplementation have improved the amino acid pattern

of these diets with consequent guality improvement,

@ t digestibilitys
The mean Apparent digestibility co-effisients of

the 18 experimental diets along with the statistical appraisal
are presented in Table VIII and the details of the sume given

in Amnexure VI,
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The values for Apparent digestibility of the dists
ranged from 60 to 8A with dlet XI (spreuted green gram ¢ skim
milk + methionine) having the highest value and Piet X
(raw horse gram + skim milk) having the lowest value. The
apparent digestibility so~efficient of Diet VII (Bprouted horse
gram ¢ Skim milk ¢ methionine) was 81 while those ef diets
XII and IV were 79 and 78 respectively. Statistical analyeis
indicated that the Apparent digestibility of the Diets XII
and IV, Diets VIII anxi 11X, Diets VI and X and Diets X and V
were not significantly different while the valmes fer all
oether diets were significantly different among themselves.

Pulses, in general, in the raw form have dbeen
reported to have lower digestibility and Ray (1969, 1970) has
specifically pointed out the very low digestibility of horse
gram in its raw and autoclaved forms. Burr (1973) points
eut that their digestibility is somewhat limited since met
all their aitrogen 1is absorbed from the intestine into the bloed
stream in the rav ferm, The digestidility values for many
of the pulses are rather low in comparison with those fer
whole wheat (91) and rice (98). These results suggest that
a considrable portion of pulse protein 4s met hydrolysed in
the digestive traet into amino aeids for absorption inte the
bloed stream. 1In the presmmt investigation also, rav horse
gram ¢+ skinm milk has been found to have the lowest Apparent



digestibility and that sprouting seoms te have improved
slightly the wvalues in beth horse gram and green gram, As
peinted out by Liener (1962), Aykroyd and Deughty (196a),
Kakade, Sima and Liener (1970), Manor and Pond (1971) Ow asu amd
Domtfeh (1972) Onajemi, Pond and Krook (1976) spromuting has

a heneficial effect in improving the Apparent digestibility
of pubses and the findings of this study further substantiate:
the sane, Voods et al 194Y; Russell ot al, (1946; Lebre ,
(3947 Richardsen, (1948); Jaffe,(1949); Bressani ot al, (1963)
Kakade and Bvans, (1965)and Ray, (1969) bave smphasized that
supplexentation with metaiouine iaproves protein quality ef
legumes. The present study also evidences improvements in
the Apparent Digestibility values and protein gquality when
hoth raw and sprouted grams were supplenented with mathienine
which are obvious, In Diet XI whers spromted green guam ¢
skim milk ¢ methionine and Diet VIXI (sprouted horse gram «
skim milk ¢ methionine) Apparent digestidility values of

84 and 81 were sbtained, These values are similar te those
reported for vegetable protein mixturcs Wy several workers,
where in a eereal, pulse and eil seed combimation has given
the Apparcat digestibility values of the range 77 to 82
(Chandrasekhar, 1972 and Devadas et al, 1973) This prones ene
to speculate that sprouting ef both horse gram and green gram
and supplementation with methionine or other food pretein
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high in methienins would have a complementary effect om pulse
proteins and wvould help evolve better amino acid profiles
in the fermmlation of low ¢est losally asceptable foods and

roecipes,

From the foregoing discussion, it is evident that,
when all the indices evaluated in this investigation are
considered, sprouting and supplementation with methionine in
both horse gram and green gram have a significanily beneficial
effect in fmproving the protein guality ef thess pudse proteins.
This comdbination of sprouting and methionine supplementation promot
ed higher weight gains, better nitregen retention in the liver,
registered higher PER values and better Apparent digestibility
co~effieients. Raw horse gram + skim milk seen to be the least
dssirable in its protein gunality and even after spreuting the
protein guality judged from all parameters does not seem te
be enhanced. In spite of having 5 per oent protein from
skim milk both im the raw and sprouted forms, horsegras does
not seem to have improved im its protein guality and shis
raises the guestion of the high f£ibre centent ef this pulse
and its consequent interferences with digestibility and
ahsorption of protein and also the possibility ef the presence
of anti-natritional principles soupled with the possible varieties
of earbohydrates in the pulse., These areas provide an:

interesting eppertunity for further investigation,
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As far as the green gram 4s concerned, the raw
form, in spite ef § pereent skim milk, does not seem to
have any benefieial outcome on protein quality. Sprouting,
however though have net had any significant impact on growih
promotion and aitrogen retention seems to have improved She
digestidility considerably, In general, raw or sprouted green
gram supplemented with skim milk and methionine seem to have
better potentials when compared te horse gram, Supplementa.
tien with cystine does not seem %0 jurther enhance the
protein quality ever and adbove that of methionine supplementa.
tion alene., These resulits lead one to conelude that sprouting
of both horse gram and green gram and supplementation with
methionine at 0.5 per eent has scepe of improving the protein
quality, PFurther research te strengthen the information en
the possible obstacles of protein quality im these legumes
in recommended to augment information om processing technigues
of sueh commonly consumed legumes and popularisation of smeh

proeessing for the better feeding of human pepulation,



¥ SUMMARY AND CONCLUSION

The aim #f this investigation was to evaluate the
protein guality of horse gmg:t?nqwt:o raw and sprouted
forms and by supplementing with sulphur containing amino acids
on albino rats. In order to arrive at the time needed for
sprouting, horse gram amd green gram were sprouted at 12 hourly
intervals for 60 hours and the sprouted samples were analysed
for ptobein, caleimm, iron phosphorus and ascordic acid
sentents, A sprout length of £ teo 2.5 om at 30 to 36 howr
interval was found to be the most acceptable edible length

and hence was chosen for protein gulaity evaluation,

Twelve diets were planned at 10 per cent protein
level using the 2 legumes both in the raw and sprouted forms,
The diets were so formulated that 5 per sent of the pretein
came from the legume and the ether 3 per ocent from skim milk,
fhus while raw and sprouted horse gram and green gram along
with skim milk as the protein compoment constituted A diets,
supplenentation with 0,5 per cent methionine and with 0,9
per oent methionine and with 0.5 per cent cystinelboth the
rawv and sprouted horse gram and green gram respectively
eonstituted the ether 8 diets. Thus in all 18 diets as given

belew were formaulated;~

Diet I -~ Ravw Herse gram plus skim milk
Diet II - Sprouted Horse gram plus skim milk,



Diet IIX
Diet IV =
Diet ¥V =

Dist VI =~

Diet VII -
Diet VIIX~

Diet IX

Diet X -

Diet XI -~

Plet XII -
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Raw Ureen gram plus skim milk

Sprouted Green gram plus skim milk

Raw Horse gram plus skim milk plus 0.5
per cent methionine

Raw Horse gram plus skim milk plus 0.5
per cent methionine plus 0.5 per cent
letmo

Sprouted Horse gram plus skim milk plus
0.,% percent methionine

Sprouted Horse gram plus skim milk plus
0.5 per cent methionine plus 0.5 per
cent cystine

Rav Green gram plus skim milk plus 0.9
per cent methienine

Raw Gresn gram plus skim milk plus 0.9
per cent methionine plus 0,3 per cent
cystine

Sprouted Green gram plus skim milk plus
0.5 per cent methionine
Sprouted Green gram plus skim milk plas

0.5 per cent methionine plus 0.5 per cent
cystins,

The planned diets were fed to a group eof 10 weanling

male albino rats each, over a period of 28 days, Weight gain,

food and protein intakes, Protein efficienty Ratio, Hepatie

weight,Hepatie nitrogen and Apparent digestibility ce-efficient

were the eriteria used for esvaluation.

The findings reveal thats

4) Thers was no difference in the protein, caleium,
iron and phosphorus soatents of doth horse gram
and groen gram in the sprouted form whon compared
to that of the raw form, Ascorbic acid content
on tae other hand increasod to an amount ef 200
per coent at the end of 60 hours sprouting

2) The wean body weight gains ranged from 37.74g. to
88.49 g. with rats fed Diet VII having the highest
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weight gain and those fed Diet I having the least
weight gain. The difference in the weight gain of
rats fed Diet VII, Diet XI, Diet VIII, and Diet IX;
Diet VIIXI, Diet IX, Diet X, Diet XIX, Diet VI,

Diet 1V, Dlet IIX,.and between Diet X, Diet XII,
Diet VI, Diet IV, Diet III,Diet V and Diet II were
not statistically significant, whereas the weight
gain of rats fed all these diets were significantly
higher than that of Diet I.

5. The mean food intake of rats fed the different diets
ranged from 187.89g (Diet I) to 310,38g (Diet XI)

while the protein intake ranged from 18.7g (Dies I)

to 31.A g fniot XI) The difference in the protein
intakes of rate fed Niet XI and VII though not signifi-

cantly different betwesn each other, were significantly
higher than that of all other diets, The protein

intake of rats fed the other diets were not significantly
different from each esher,

&, The highest FER value of 35.09 was registered by
Diet YIII which was not significantly different from
tho.o valucs obtained for Diet VII (2.97), Diet IX
2,90) and Piet XI (2.80). The PKR walues for the
other diets in the devending order were 2,70, 2.62,
2.46, 2.41, 2,10, 2.09, 1.93 and 1,68 respectively
for Diets X, xII, VI, IV, III, II, V and I, The
least PER valus was obtained for 51¢t I (1.68) which
was significantly lower than that cf all other diets.

S Significantly higher hec-patic weight; were rogiator.d
by rats fed Diet VII (5.17) and Piet XI (5.16g)
respectively, Next in the order of hepatic weight
came the rats fed Diets VIIXI and IX having values

of 4,73g. and 4,25g. respectively which wore not
significantly different from each other, The lowest
hepatic weight was registered Ly rats fed Diet IXI
(3.20g). Vhile there was no significant. - difference
between the hepatic weights of rats fed D.ets VII, XX
and VIII, these were significantly di fferent from
those of rats fed all other diets.

6. Total hoiatlc nitrogen and hepatic nitrogen per gras
ef the liver sample were higher for animals fed Diet
+ XX (181,69 mg and 31.7% mg rospectively) which were
significantly higher than those of rats fed all
other diets. Rats fed Diet VII with a total hepatic
nitrogen content of 157,73 mg. and nitrogen per gream
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of the liver sample of 27,48 mg.ranked next and
thest values wers also significantly higher than
those of all other diets. Rats fed Diet I, with a
nitrogen per gram liver sample, of 2,79mg. ranked
last and Diet I was the least efficient in promoting
liver nitrogen reteution.

7. Tho highest Apparent digestibility co-efficient was
obtained by Diet XI (84) and the lowest Apparent
digestibility co-efficient by Diet I (61). The
difference in the Apparent digestidility eo-efficient
of Diet XX (84) was significantly higher than that
of all diets with Diet VII (82) coming mext, which
was also significantly higher than thoase of all
other diots, There was no significant difference
botwveon the Digestibility co-efticients of Diets XIX
and IV; Diets VEKIIl and IXX, Diets VI and X and Diets X
end ¥ while the Appsrent digestibility co-efficlents of
all othe: diels vwere significantly different,

The results of this investigation indieate that,
Judged from the paraseters of weight gain, foed and pretein
intakes, Protein Efficiency Ratio, Hepatiec weight and nitregen
and Apparent digestidbiliiy, Diets VII and XI which had sprouted .r
horse gram and green gram along with skim milk and 0.5 per eent
ueothionine as their protein components had greater petential
over that of all ether diets, Judged from the indiees of this
investigation raw horse grsn and rav green gran seem to de
less effective in growth promotion in spite of skim milk
supplementation at § per cent level. Syrouting however seems
to have improved the Apparent digestibility im beth herse gram
and green gram, which was considerably improved with green
gram, Supplementation with 0.5 per cent meth  .nine in the raw

form for horse gram dees not seen to be beoneficial dut in



6s
(t'.:i::..l to be tolerable, Supplementatiom of sprouted
herse gram and green gram with 0.3 per cent methionine seems to
be the most benefieial, while a further supplementation with
0.5 per cent cystine does not seem o improve the preotein
quality any further,

These observuations suggest that sprouting of grams
and supplementation with the first limiting amino aciad,
sethionine improves the guality of these legumes und raise
it on par with that of skim milk in its PERK values and similar
to these of vegetable protein nixtures in their Apparent
digestidility, This observation leads us to have a further
prede into the potentials of sprouted grams, coxnonly used
for human consamption and opens up nev possibiliities of utilising
such simple home~scale precessing techuigmes in enhancing the
nutritice value of common man's food. Parther, this also
offers scepe for somplementing methionine rich foods availabdle
at low cost te asmch proesesed legumes, thoreby giving more
scepe feor varietty at no additional ceat, but enhuncing the
nutritive value of the ¢ommon dietaries. These areus need

further investigation.
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ANKNEXURES



ARNEXURE I

QOMPOSIZION OF THE MINSRAL AND VITAMIN MIXTURES



Compogition of the Mineral Mixture (g/kg)

Potassiunm dihydrogen phosphate - 3539.0
Calsium cardbonate - 531.4
Sedium Chloride - 139.3
Magnesium sulphate R - 57.3
Ferrous sulphate B - 27.0
Manganous sulphate - 4,010
Potassium fodide - 0.790
Sinc sulphate - 0,543
col;pi: sulphate -  0.477
Caleium chloride - 0,030
Composition of the vitgmin mixture (Amt./x of eorn gtarch)
Yitamia A (menadione) e 0.9 ng
Thiamine - 0.5 ng
Ridoflavian - 1.0 mg
Fyridoxine - O.4 ng
Caleiunm pantothenate o 4,0 ng
Niacin 4.0 nmg
Choline - 200,0 mg
Inosigol - 25,0 ng
Para amine benzoie acid - 10,0 mg
Vitanin Byo - 2 meg
Biotin - 0,02 ng

Polic acid - 0.2 mg
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ANNEXURE V
TOPAL HEPATIC WEIGHT, TOTAL HEPATIC NITROGEN(MG) AND
NITROGEN/GRAM OF LIVER OF RA®S FED DIFPERENT DIR?S
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DIGESPIBILITY COEFPICIENT OF THE T?WELVE EXPERIMSNTAL
DIE?S



:

duen A% W a W A W S W G W W Y T A ER P B W T @ B D W W @ W T SR P D A Ep W A R W ME s W W LR W

6
17
vl
si
oL
oL
oL
sl
6L
sl
9L
9L
9L
$9
L9
£9
t9
6s
9

- G a W W W A T W W S G G G P W W g D W W W A W W ap @ W W

- Juhudyen

Ayzy1QT3asede
1%0s8] T®30;

juezeddy  pooJ T®3OL

7 0° 9862
0°LSL}
0°LiLs
0°¢eel
0° 0L
0°0494
o*vlit
o' Litvi
0*9642
0°£92e
0*6LLE
o*¥9lLi
0*¥061i
0°06£ )
0 9rri
0°00Fi
0°¥9%04
¢ 2 441
o*¥itt

*Pwu uy

uedoxjyyu

9°res
6°bS¥
oLy
20t
9°50s
1 4
9°2ss
yesly
2°90%
L £
rersy
L A %4 4
0° G2t
0* LY
9°66¥
0°gé¥
9y
0°00¢
9°0%Y

* 3w

Ul ueFoxziu
1ed08] 1B30]

6L el
9669°S})
§46€°S1
$¥.L0°9%
L96S Y1
6LEL° ¥
99zi°si
6l65°51
ezl v
1 244 2
$629°¢
yTIVAS 1
9¢rLozh
ii9°2
9140°¢C)
6606° 2z}
2604°2}
L€29% 14
6645°21

0,L°69°S9°19
09°6$°5S
6£°LS%rS
96°€e*es’ LS
er‘sricy
0S'Shry
XML Ak AdY
(o1 A5 4414
9Creicceic
Le'sgteg
og’62*ee
6z'lz'se
gz'vetceiie
64°LL°9L
oz‘siise
pici®eitei
04°6°'9
LS’y
6°¢c’2’tL

“oN WY

64
13
i 1A
9
11
s A
£l

- N
- -
-
-

ITY

IT

-&n e 0o~ ® oo

) 4

ek W W e W W B e W W W e - -

*0
o1 durtg Lad

W A Ay A W W W > W E e @ G D B e e T S Wb M W G A AR S G 9 W B W D S PR W S W W ah R G W



109

- e W 6 A A Wk W @ W B S - W W O e e e S P S S G G o @ W ® e W W TS D & TS S e W

06
o6
6l
1
ve
14°7
€L
ri
$L
69
€9
69
oL
L
¥
i6
26

- o - W B -

L371%
~Qy3892yPp
suexeddy

0°rree
0*¢v2e
o*Liee
o*stez
ocorze
G*else
ozl
0*26L4
0*L064
0*ceot
0°6£94
42 74 1]
0%4ede
o*0LiZ
0°£06¢
0°690¢
0°*2s0e

*3m uy
| T¥ P £ 8¢ ]

pooj TB3I0

§°09¢
9Ly
19 2
§°Srs
$°rsk
9 711
955t
6°09?
s £ 4
$°66y
§°91s
r°yos
rees9
§°959
2949
6*leS
L°sls

* o - W™ W W W W e W ™ B = W

I
Uy uedoryyu
o088 R3O

erilori
9559°P4
L069°¥4
LEcs Sl
$48L° 91
svizesi
$209°F}
6494°64
cliv st
ozir et
SL9s°91
27N s 14
oSl Li
6LS6°LS
Lrilcsl
orsLei
1417194 27

> - e & -

uiqdren
18302 N‘“OH

0zi*6si*ris
GLbLLL 9LL'SHE
Shitziituss
604504 *CO4
044°901 4204

504 °201%r04* 104
, 66°c6°s6
00L*L6°c6
96°96°:6%16
66°96°S6
06's6*rS

L8*<e 26’16
Li*9L'CL

6L'SL YL
oe'sL'2L'iL
99¢v9°<y
£9°49%zy

- W oas @ S > WS s T W @ P o W % e = s B W

‘oy 3%y

"9%
44 11X
1 49

££

2% R

14

of

62 ) §

74

&

92 ) ¢4

4

1 2

£ IIIA

&

4

oz Trd
- 30%a



110

R 9JLa]
'Q‘U“"l-""'"'--"---"-'-'-"""".""'.‘“

+2S¥°€ - X SA TIA wu bb°SI XI SA Ay
#220°8 X SA TIA ¢6° 2 ITIA SA Ay ssfl°¥C 11X SA Y
wx66°21 YT SA ITA .208°€ IIA SA AY »29°l2 IX SA Y
#x66°F  TTTA SA v7A ax$6°L IA SA AY e85’ 8} I SAY
s b62°¥e A g4 Ay w168 IT SA ¥
»wl6°9F  IITA SA Y
saGY° S} 11X SA 1A «299°84 11X SA Y
P Y -1 IY SA IA *+206°0F  1TIX SA 11T T salSP 9l TA SA Y
*gey LG°O Y SA IA »x bL°CH IX 8X 111 +2$0°¢} ASAY
. v B8 X7 SA TA *69°2 X SA 11T eV 2 AT SA I
 w#26°C  TTTA 54 yA  «eb€°2b YT SA IIY #+99°6Z  YIT SA T
#2¥9°2F 11X SA yXx  ««99°L yyA SA YA ‘s 92°F  IIIA SA IIX 2% 4 IT SA ¢

"'.l“"l-’_"l-"-'-""l"-'-"--'-‘-'---il't"‘_‘

suT®A 3, 3030 oUW, 3, £ 23 {1 suT®A L3, $9%C mT®A L%, L 1id

.-'-""--'.‘“""'-.“--"-"---'-‘i-'-""""'




111

T04A0T ¢ 39 JUESTITUIIS wa
TeAe] ¥¢ v weorFruiis
ueeT TS oy gy

"-"‘--"---'----"‘.‘"-'--"l'-"--'-"---'-‘

*6Y°9 ITA SA TIY
«x60°S IA SA XXX
*»+99°2}4 TIX SA X snbl*2C A SA IIY
*»20°6) IX SA X *e95°¥ AI 54 11T
2e£9°6F IIY SA XY «n¥9°6S ‘HX SA A s bGP IIX EA 1y
“299°€2 IX SA YT »aCLoPE IX SA A axb2°L2 X SA 11
wn66°L X SA Xy +« 000 X SA A «*92° 44 X B8A 1Y
sy W02 XY SA A s A XI SA 1T
«E9°t4 11A SA A xalD*C) TITA SA 17T
aalZ®¥ 1Y SA TTTA 138 4 TIA SA A *»#LGG1 TIA SA 17T
s« bl°b} 1y SA TIIIA wx26°b 1 IA SA A #s08°2} IA SA II
wa6¥°€F X SA TTA sy Z2°h 11X SA AI " 20°L A SAII
««0°0} XI SA IIA sadd®2i IX SA Al YY1 AF A AI SA 11
«S1°2 IIX SA IIA as LO°6 X A Ay ' 11304 4 IITI %A 1y
snyeA
W3, 30Tq emI®A}, 070 any®A 3, t 1 {1 onywaA .3, 0T¢



