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I INTRODUCTION

Hunger still stalks the globsl horizon end the world
food problem will remain one of the most complex and intra-
ctable problasns during the final cuarter of this century
{Khanna, 1982). Protein-snergy mslnutrition, acoording to
Francis (1980) is the conmonzst nutritional aisorder in the _
Thirde=world snd most freqQuently occurs in chilcren of weaning

a8ge,

Undernutrition is one of the major public health
problems of our country (Mathur, 1981)., Though clinicel
forms of protein-energy mslnutrition ere teen in only 2 to 3
per cent of praschool population, more then 350 percent of the
childaren in this gzxoup have body weight for age, less than
75 per cent of well-to=uo Inaian children,

Reo ot £le.,» (1980) has reportad that malnutrition is a
serioug social problem in Incia., Theretfore, efforts should
be mece to irrsdicate it with the help of lowecoat nutrient
rich food sources. Green le¢afy vagetstles ars the chea:eet
of all the vegetsbles within the reach of poor men, being
richest in th:ir nutritional velue. Murthy (1979) states that
in recent years, scientiets have been toying with the iceas
of developiny what ate called “special protein concentrates®,
They 'axe trying to extract protein {rom uncommon, noNetradi-

tional sources like, greenl:aves, which are not edible otherwisc,



Protein-energy malauitrition in children can easily be cured
completely by giving the. ccditionsl foous using comwon

foodstuffs like rics, wheat or jowgr, combined with dal and

Jeaggary.

Jelliffee (1976) reported thet waaning multimixes,
whather domsstically prepsrec or proauced co merciaslly et lowe
cest will be biszé on the "principl:is of multimixas®, i.e.
bessed on the mutually complementary e€ffect of plant protein

mixtures, ospecially cereals and legumes.

One of the most effsctive and successful approsch to
increste the protein food sup ly, in most of tihe world, has
been to blend legumes and grains to provide the proper saino
aicd balance (Altschul, 1978). According to Jesweni (1979),
in Indis soveral "seed lagures® commonly known zs pulses
have been traditionsl supplements to staple ceresls. In Indcia,
recent interests hes cantred arouna proteins from oilsesds,
with soyabeans having a speciel plece in the nutritional pro-
graames. Central Food Techrologicel kesssrch Institute (LPTH)
hes cevelopec teveral low=cost nutritious wsaniny-£fooa sup;’le=
ments besca Oh 1o ally evallabls cereales and lagumcs to counbet

malnutrition sxony infente and children,

Levadas snd coe-workers (1974) have developed several
low=cogt locally available veystable 100d mixtures and

*xuzhsnchel Auxuéhu® was ohe such effort ané wes geared to




the ecanemic riach of the :urel feuilies. Uevadas and “O=wOIk-
kers (1977) have also extensively worked on leaf proteins ss
supplaments to the diets of pre-schoal children, The leaf pro-
tein has been found to improve nitrogen retentiom in infants
anéd on chilcren (Kamalsnathan 2t ale, 19697 levsdas, 1378).

Introduction of low-cost commercially menufactured vege
table protein veaning mixtures will further lelp in irradie-
csting the problem o: PkM in developing countries (asis, 1980).
The co.smsrcial manuisctures should aim st the usage of low cost
protein rich formulations to be incorporated in the waaning
infant fooc mixtures. rodern tachnologlical advandement in the
fiald of foods and nutrition hes maede ‘it. possible to manuiacture
varicties of conmercisl f00OC mixtures speclally designad Lor
infants and pre~schoolars (Gosh and Randhawe, 1981).

On one eide, the sfcientists have evolvec reveral such
weghing mixtures, but the commerciel firms heve not come forwa:d
to use their technalegical know how to pepulesrise these nutri.
tious mixturss. On the other hand, many s commereial firue are
today coming out with new food formslations for the infants,
There is an urgent nesd to strike a happy balance in blending
both gcience and technology togeth:r and flood thé market with
nutritiouws foods within the resch of the ocom:ion men.



The present study onh the evaluation of protein quelity
of infant formuletions Gevaloped by a conmercial tirm was
considered to be oi worthwhile for iniormation along those
finc.. it spucifically aims at evalusting the protein ~uality
of eiyht co.mercially formulated infant w:i:aning mixturcs as

comp red to cesein through rat assays.



I1 REVIEW OF LITERATUHL

Literature psrtaining to this study on “avsluation of
protein guslity of infant formuletions deaveloped by a commercial

£irm” is reviewed undsr the following headss

A, Prevelence of protein cnergy malnutrition in Incis
B. Strategias to alleviste protaoin malnutrition
Ce Meaning snd importsnce of protein quality

D. &valuetion of protein guality through rat assays

Ao

Population explosion is one of the most vitally important
cause of protein-encrgy malnutrition (&ingh, 1975). The repid
increase of the worlds population and the consequently the
incrsasing cemanhd on available f00d sources present a sarious

problem (Sukhla, 1975, “ouz g% al.. 1977, Las and Banerjee, 1979).

agcording to the »HO estimates (1981) approximastely 125
million babies exe born 2ach year, Indoed it is estimeted
that one~-third of the population of the yeer 2000 is yet to
the born. The nunber of pre-school children (0 to 6 yoars) is
estimated to resch 122 million &t the close of this century

(Hobait ut fles 1982).

Poesibly es mony as 450 million to a billion pirsons in
tie world do ot recelve enough food andé most of trein live in
ceveloping countries, <The worla population grew by 60 percent
from 1950 to 1975 anu 80 percent of this growth wes in the
developing countriss (MAC, 1977).



The problen of providing food for future is even more
vexing if the runsway of growth in world populetion is recock-
ened ageinst the lag in food production (Gobber, 1975), Cone.
sequently, if nutritionsl profile of the population is cofe

slidered the picture is even gloomy.

Protein cnergy melnutrition ie one of the distrzssing
nutritionsl cisorders of chilcéhood in the ceveloping countries
(.evadas g% al., 1971) and is particularly criticel awong
weaning infents andé pre-school children (xitra, 1972).

In Incis, the incidence of ceviere formes of protein.
calorie malnutrition (FCx) like *Kwashiorkor® and “Marasasus®
hes boen astimasted to be srouné 1 to 2 per cent of ell chilcren
in the age range of 1 to 3 years (8o, 1971y Gopelan, 1372,
Strikantia, 19757 Devedss ut al., 1978, reddy, 1979).

One of the major cause of high infant and young child
~ortality in our country is Galoties protein mslnutrition
(Levadas, 1974)., It ig estimeted that there esre sbout 72 million
chiléren in the age yroup of one to Live j;ears (lagarajen, 1976),
Surveys cetried out in the differemt partsof the country
indicate that out of r.vent; fiva million -hildren in the sge
yroup of zero to five years, about £ifty per cent suifer from
FPCxe Forty per cunmt of all casath occur in chilsren balow the

age of five ysars (ievadas, 1974, Gopslan, 1976 and Levadas, 1979).



Further according to surve,;s of proSein avisory Groups (1977)
malnutrition is belisved to be uncarlying or associated causa,
tor @ high proportion of deaths of children uncer five years
oi sge in aeveloping countries. Devadas (1977) states tnat
in:cequate intake of calories and proteins, exces:ive depen-
cence on cereals, stgschy foods, low consumption of aiimsl
foocs and protective foods such es fresh greenlesfy vegetables
and fruits, wrong methous of fooa preparation, undesirasble
customs and taboos are responsible for nutritional dificiencies
evidenced smong the pre school children,

According to Mathur (9981), undernutrition is one of the
major public health problem of our country, Though clinical
forms oi protein cnsrgy malnutrition (P3M) are seen in only 2
to 3 percent of preschool population, more than 50 per cent
of the children in this group heve body wsight for age, less
then 75 per cent of welleto=do Indish children., The existence
of widespresd bhunyer snd melnutrition is psrhaps the most
obvious and the most disturbing symptom of unoerdavelopisent
(PaG, 1977, imvadas gt &4l.. 1378, end Boerma, 1977) enc is

& sorious social problam cxippling the growing gonsration

(Gopala R0 2% al., 1930).

in 8 clinicel survey cerrisd out in Tamilnadu by the
Tenil badu huiritionsl Study (1973). It was revealed that 56.4
per cent hac¢ mild protein calorie malnutrition syndrowme, while

the :evere PCii incicence was 0.7 per cant;



According to a report by the United Kation's Chilcren
Fund on the “State of the World's child:en in 1581-82%, the
lives of s:other 17 million children bornu in 1982, ere threaste-
ned., If scdeqQuate care is not teken, 12 million may cie before
their tirst birth cay and over S million before they eore f{ive
years old (The Hindu, iecember 19th, 1981},

The stretegles that ar: being advocated wmore anc more
to alleviate protein melnutrition in r«cent y-ars have baen
not only the production of mors proteins, but also mor. high
guality proteins in foocs for childien from birth to the age

of three or ioure

Proauction and utlilization of inexpsnsive and incige- |
nous protein rich sources in proper combinstion will help
to bridge the protein gap in devaloping countries like Incia
(wXIN, 1972, Sukhatme, 1972, Gupta, 1872 and Gopalasn, 1972,
1976).

Several studies have been car:icd out by various
lsboratories, nutrition scientists and othsr agencies to -
establish strategies to slleviaste protein malnutrition with |
the help of indigenous veyetable protein mixture, isweran
2% 8le. (1972) evaluated the protein quality of two sclected
vegetable protein mixtur:vs besed on maiz:, Benga. Zs., and

groundnut through PuR, ancé niitrogen balance using albinorate.



Levacze gt ale. (1973) opinss that thaze was highly
signiticent incresse in the gzowth of rats, when low cost
balancec ioocs basad on ceresle, cotton sewd or peanut flour
and Bengal gram flour replsced 50 per ocent of tho rice 4in the
diet. In view of tise acute shortage of milk andé other protein
rich foocs of enimal origin, thure is an urgunt need for uuch
leryger production of low cost, balancesd pro®ein supplemsnts
tor fweding bsbies, wsaned infsnts and pre-school children

(sweminathan et al.,» 1973).

benial ot al., (1978) reported the effectiveness of a
low cost belenced food besed on blends of yrein or naige,
groundaut, Bengal gre:, soyabesu~flour and sesams flour fortie.
fled with limiting emino scids on wzancd infants. Gopalen and
srikentia (1975) iormuleted protein mixtures both with Bengal
gram flour, grounanut flour shc scsass flour in various pro-

portions ae a supplement for Kwashiorxor chiléren.

rooa legumes »re importint anc economical sources of
proteins anc cslories as well 88 certain minersls and vitanins
essent ial to human nutrition, In cassave based diets, leguncs
proviée protein in which the methionine end cystine content are

important (hKulee and Rachic, 1977).

Vegatable protein specially legun:s offers ths mort
practical measns of solving the proble: of protein chortage in
India ior the present (Chandrasskher and Jayalaskshmi, 1978).



Increasing fooc psoduction snd improvement of the quality of
iood accoruing to iLevedss gt Alke, (19738) are long term plany
imnodl;8e need must be thus met by improving the existing mecal

pattern with low cost loceal food.

Leaf protein is a promising eource of food for mseting
the (Towing cemends for £ood proteins in the world (80 ¢t gl
1972). Judsen and Janson, 1976y Porter at al.. 1973), because
it is 8 low cost food and in pere:nially aveilable (Indian
vegetarian congress, 1975, &nd Kauslansthan gt al.., 1963).
Modern food technology has made possible the production of manhy
high bioclégical velue, low cost, protein procucts from oil
se¢ds up to unicellular proteins (hidslgo &% al., 1972).
Jelliffe (1973) reported that vegetable mixtur:s slone are
papeble of supplying young children during weaning periods, with
diets containing scequate protein, with esll essential amino acids
and calories. This spproach hes been acvocated at village
level s the *"principle of multi.mixes® and has bsen ewployed in
the preparation of low cost transitional foocs for young children,
Further tha suthor stress® his opinion that, wsaning multimixes,
whether demestically prepared or produced conaercislly at low
cost will be based on the *principles of inultli mixes® {,0,
the mutuslly complementary effuct of plant protein mixture,
especially cereais sno logumes. Mixtures of cowpea with malze
were iound to give higher protein efficiency ratios than diets

containing eighter com..onent alone (Scrimshaw gt al.. 1976).
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Again, feeding trials on weaning foods based on Regi and ¢reen
grem have been raported to be ieneficisl (CFIRI, 1980).

Protein quality is a term used to denote the eific.ancy
with which & protein is utllized for growth and for maintenance.
The lowsr the level st which & distery protein can support
maximum growth Oz hitiogen balence, the higher in cuality that

protein is said to be (Altaschul, 1974).

The quelity of protein from £f00o depencs assantially on
its sbility to meet the body's requirements for aminc acids,
Although the chaiical composition or amino acid analysis of
uistary protein may give an clegent repraesentation of the
value of a protein, it is necessary to varify its value by
actual blological experiment. Bence, protein-quality hes to
be measured in the animal or human system directly with reepact
to growth, tirssu: repair or maintensnce anc other bioloyical
criteris (Henson, 1974). The concept of protein quality evalus-
tion has practical application in over coming theproblem of
PCM smon., chiloren (Fa0, 1973). The minimel quantity nece. sary
to maintain belance in a normsl parson wries accordingly to
the protein guality. IJherefore, the cuality ot & particuler
protein has 8 signisicant role to play in humen nutrition(Hidcalyoe
2% ales 1972). A new priority which emphasizes the importance of
protein cuality and its evalustion is the growing imbelancs



573059,

Letween world food eupplies snd population yrowth (Pellett

and Young, 1980). &early all the current efiorts to prouuce
improved varieties of cerals, (rice, wheat, corn and sorghum)
legunes, (common b:sne, cow peas, rems, pigeon pess, soybeans,
and similar edible spices) and root crops (rotatocs and cassave)

incluce svaluation of protein quality (Lenish a8t al., 1980).

The methocs svailable for evaluztion of protein cuality

by rat arsaye may be divided into the followiny cetegories:

1. Methods bessed on Growth and body weight changes
2. Methocs bes:d on carcass nitrogen analysis
3, Mathous besed on nitrogen balance

4. Meothods bas 4 on regenerstion of blooc and liver
constituents.

5. .&.ermination of availebiiity of amino aclds

6e Chewicel scoring msthocs

7. biscellanaous methods

NRC(1980) defines PEZR as the retio betwe=n body welyht
.ain and protein consumed. Frotein efficlency ratio represcnts
the simplest metiouology (Parihar gt pl., 1976) anc has the

adventages of requiring & minimel work in put (schelling, 1973).



For the deteraination of the protsin cuslity of a w
the test dhets should be iormulated at 10 per cent level |
(NRC, 1963, 1980 and womack gt al., 1976). Chapmen gt gl..
(1959) ané America. Assoclation of Official Agriculturasl
chemists have cescribed standardised proced@ires using rats
ag1d.21-28 days with an experimental period of 28 deys.

The various factors which aff:ct the PERk ares
i. Level of protein (Tesker gt al.., 1960p
Swaminathan, 1972)
/
ii. Age of rat (Chepman g% gl., 1959y Middleton gt al,
1960)0 i

iii, varistion of foou intake (#iichell and Beadles,
1930, Harte gt 8i. 1947, burt gf al.., 1975).

iv. Length of assay period (Swaminatian, 1937,
Chaman ﬁ .Il." 19 ey JOSpr ﬁ no' 1960,
NRC, 1963,
v. Physical sanvironment nemely heating and ventilation

moisture, odour, dust, light and nolse (Porter,
1963).

b. Hat Protein Ratio (NPR) ,
A moGificetion of the PiR method, et Protein Metio {NPR)

wes iniroduced by Buncer and Loell (1957). This consiste of

feeding s group of weanling rats on a clet containing 10 per

cunt of ths test protein and another comparasble control group
on & mon protein ciet for s period of 10 days. 7The KPR ie

calculated by using the formules



Protein intake (y)

The yross protein value of s supplementary protein is
Gelculatec as the extre rowth obtained with supplementary
protain and expressed as the parcentage of the corresponding
figure obteined with cesein as test supplement(Rso 2% al..
1964)., The level of protein in the rstio is kept low so thst
test may be a critical one. A control one. A control group
is fed on e alet partislly lacking in lysine and bssed on a
cereal providing 8 pe: cent protein in the diet for a period
of 2 weaks while the experimsntal group receives the same
ciet supplemented with 3 per cent test protein. 7The calculs-
ted velue is then eapressaed 8s & percentage of the COIres-

ponding figurss obtained with cesein ss the test supplement,

d. at keplation Methed.
In the rat rapletion method devaloped by Cénnon gt &l..

(19 34) the nutritive value of dtféctont proteins is estimbted
by studying their reletive eificiency to proaote wta,;ht‘
recovery in protein depleted acult rats. This method have
peen moditied by <enkat Keo ft al.. §196¢) by usin; protein
Gepleted young rets. In this method young albino rate were
depleted of body protein by feeding & proteain ixree synthatic
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diet for a period of 10 days. ihe dapleted rets were than
repletec on the experimental whets containing the differ -nt
proteing for & period of 10 caye, and the incresse in wei ht
per gran protein consumed was considered as en index of the

nutritive value of protein,

e. ditrogen Growth Indix

This procecure, Gevaloped by Allison gt #l., (1942)
conzists of feeding albino rets, alets at ciffexent levels
of the zams protein over s period of 38 days. The nitrogen
intakes are plottec against gain in body weiyht and a curve
is thus obtsined. venkat o gt pl., (1964) tera the slope
of the line relating growth rate to aitrogen intahn‘ove:‘a

‘period of i8 cays, #s the nitrogen yrowth incex.

2.

N, retention psroentage, _gain in bedv N.(u) 4 300

N, intake (.)

It is pctuslly the percentage of nitrogen, retained
in the body ana it considers growth as well as nitrogen

belance (Shunkers and Mccolum, 1929),

b. et Protein Vtilization.

rilller and Bender (1955) developed this nethod based
on the principle of e¢valusting protein quality by a biolo,icel
test of nitrogen utiligation, According to this muthod,
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one group of ret is fvc on non protein diet whilec the remaining
groups erc ted proteins at 10 percent level forx 10 dayc: The
food intekes of animsls are massured. %he snimals sre killeo
at the end of 10 days and body M d-Sermine.. by Kjeldhal method

‘on a sample 0of dried anc povdered CaICa&s.
NPU = Bilological value X Liyestibility (ARC, 1963).

3. ic _Bgsa n_N
a. Niipogap Balapce

The nitrogen balsnce is simply the rzletionship between the
intske anc excretion of nitrogen by an animal (Albsness, 1963).
Mitchell (1924) stetes that the oldest method used to ¢veluate the
nutritive value of dietary protain is to detormine the litrogen
balance i1.e. the difference between nitrogen intake and nitxogen

ercretion. MNitrogen Balance is cetermined from the equationy
B »n]l - (U 4 F)

where B is the belance, I the Nitrogen intake and U and r,

the nitrogen excreted in urine snd faeces reaspectively.

b. kiyestibility Co-gificient
A measurement of digsstibility Co-efiicient oi életary

protsin is sn essentiel part of the nitrogen beslence method.

wigestibility cosfficient of a protein is cafinea ass

X

bC = Food ikitrogen intake

33 = L_ ei0

Nitrogen intake
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where feecal nitrogen is excreted in the feeces during a
perioc of protein feeding and endogshous nitrogen is the asount ‘

of nitrogen excreted in the faeces oh a nitrogen free cilet,

C. HRiclogical value
The concept of biological value was first introcuced by

Thomas in 1909 interms of percent of digestable nitrogen from
a test f0ood which was retsined by the adult humasn Mitchell(1924)
mocified the method for the frowiny rat thus including the

requirements for both ¢rowth snd maintenance.

The fonnulge used to calculate the biological values ie

as follove

B,V =
Food nitrogen absorbed x 100

Niirogen intake (feecel nitrogendendogenous faecsl

(2 & . b .

pt.e Ur-re ! «crisi

EOJON o UX ALK R ! 0 Elew G §3 OO CT €08 M E _BE 3 1 e X
Nitrocen intske (feecal niirogen-endogenous fasecal nitrogen)

melnich snd Cowgill (1937) studied the minimum amount of
diotlty‘ protein nitrogen necessary to maintain nitrogen eguil ie
brium by plotting nitrogen intake a,ainst nitrogsn balance in
the region of nitrogen equilibrium, interplating to the aeint
of exact nitrogen equilibrium, Allison gt al., (1945) further
moaified this technique, and showed that it is possible to plot
absorbed nitrogen ageinst nitrogen balence to obtain s straight
1ine. The aquation to get the balance indexto of nitrogen ise

as follows:

.
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K = B-Bo , where B is the nitrogen balance, A is the
A

absorbed nitrogen and Bo is the excretion of nitrogen when a
protein free diet is given shc K is the slope of the line
repr senting the nitrogen balance index of nitrogen abooriiad;

Henry et 8kes (1961) dJevelopsd a procedurs on the basis

that the sensitivity with which the nitrogen content of the

liver responds to different dietary problems for determining
nutrictive value of proteins. The concentration of urea in blood
was almost univerally propottlonﬂ to the biologicel velue of the
dietary proteins listed and hence proved to be & good oriteria

for eveluation of protein gquality (Prior gt al.. 1973, Kosterlirts,
1968).

S.

»icrobidlogical methocs (Fernell and #osin, 1956) engywnic
methods (Mauron, 1973) ané chemnical methods are the available
methods for Getermination of availability of amino acide (Venkat
R8O gt al., 1964).

6. chamical Scoring Methoda.
Cazrpenter and Bjsrnason (1973) and NRC (3980) reports that

the bioloyicel valua of many protein foods correlated quite wvall
with the chemical scores of the foous cslculeted from their
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auino 8cid snalysis. bNew principlee for scoring protein value
from chemical composition have been investigated by regression
snalysis of cete from nitrogen belance studies in men (Kofranyi
ot gl.., 1973).

. Auino gacigd score
Block and Mitchall (1945) express the content of eech of

the essential suino scidx score can be celculated when both
total nitrogen or protein end the concentration of the first
iimiting amino acic are know (PAG/UN, 1978).

Aeds, SOOFe = _Mg Of DeA, An ¢ Of tast protein x 100
Mg of A.A in ¢ refexrence protein

b. ussential asino acid index
sesential anmino acid indec (ERAA inaed) is defined as the
yoometric mean of the ratios of thes 2ssantial &iino acids in @

protein to those of standard, usually egg protein (Osser, 1951).

& nhew methocolo.y, termecd the complete protein svaluation
(CPZ) procedure, hse been presented by Shelling (1975). The
nutritive value of dietary protein depence upon the pattarn and
quantity of egsential smino scidg it presents to the tody siter
absorption from the intestine. Assuming that chemicel analysis
of Gietary protein revesasls the pattern by Bnino acicé liberested

in and sbeorBed by the gastro-intestinal tract, an ertimste

w“"“““"\‘
o HOME 80'5”05

x\“"
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can be mece of the nutritive value of protein by compuring
the suino acic¢ pattern derived from chemical analysie with
that of the reiershce protein. Block anda Mitchell (1946)
sugyested the use of eoyg protein as s reference protein, assig-
ned a maximum score of 100 anc :velved & chemical socoring
method ior assessing the reletive nutritive vslue of food
protein, 'Lakin (1973) har reported the swaluation of protesin
quality by dye binding procedure. FPgank at gl., 11975) has
proposed a simple and practical aetho., useful, especially
for screening purpose¢, utilizing the phagotophic protoezan,
vilicate letrahym:ne. kistopathologicsl studies have been
wisely used to eveluaste protein cuality bassd on the changes
taking place in the histology of various tissues (Rsjan, 1975,

Rangaswamy gt &l.. 1979) .«
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IIXl EXPLRIMENTAL PHROCEUURE

The methocology pertaining to this study on “dvalustion

of protain quality of infant formylations ceveloped by a

commexrcial

Ao
Be
C.

Do

firm" is outlined under the tfollowing headingss

Selection of ths sauples
Formulation of the ciets
Selection and grouping of the animals

Kvslustion of protein cuality

A. salection of the Semples

Seven infant formulestions ceveloped by a commercial

firm woere selected for the protein qguality ovsl‘uttion as there

is an increasad naed for such initormetion with the evar incroeas-

ing cdemand of commercial weaning foods (Shukla and Des Gupta,

1981).

B. Yormulation of the DRiets

The seven selected £00d i1ormulations were snalys=d for

its nitrogen content using the Microkjelchal methou and fat

content by sSoxhlet method (Hawk gt al., 1965). The analysed

values ior zach of the food ssnple is tabulasted in Teble I,
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PROTEIR ALD FAT CONTENT OF THE SEVEN INFANT FORMULATIONS
“w e» W B e T o e TS W D S D T T G S W g W W o e
Code of Intant Protein ¢/100g Fat (g/100g)
Formul at ion

- ey " op & B G @ O B W @ o B W W @ gp W W W o W W WP WD g W B S g o ™

¥, 12.2 2
. 11.8 2
. 12.0 2
Ty 15.0 2
r, 15.0 2
- 15.0 2
Pviz 12.9 2

The protein content of the seven dilets were meintained
at 10 percent lavel anc quantities of cach tormulation deter~
mined by using the anslysed protein value. The diets wore midce
isocaloric by acjusting the fat content at 9 percent (15X, 1979)
taking fhto eccount the fat contant of ths protein mixturaes.

T0 engure ash pcequate supply of vitamins and minetals, a vitsuin
mixture ané minersl mixture were added at 2 percent and 4 per
cent luvels r.sp:ctively (H4iC, 1980). The coumposition of the
two mixtures sre appended (Appendix I). For compsrison a casein
diet at 10 pesrcent protein level was employed as tha eighth
diet. The percentage composition of tihe eiyht diats thus
formulated ig given in Thble II.
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TABLE IX
PERCGNTAGE COMPOSITION OF THE LIZTS

Diets
Inq:mwt' W e B E e B D W @ W e T G e ™ e ™
) § IX F QP v v vI VIl Vil

Fooo mixture  B81.96 84.74 B83.33 66.66 66666 66,66 7T1.51 10,52
Groundnut oil 7,06  7.31 7433  7.67 7.67 7.67 7T.45 0.95
Vitauin mixture 2.00 2,00 2,00 2,00 2,00 2,00 .2.00 2,00
Mineral mixture 4.00 4,00 4,00 4,00 4.00 4.00 4,00 4.00
starch 4064 3.8% 3,33  19.67 19.67 19.67 9,04 82.53

iotal 100,00 100,00 100,00 100,00 100,00 100,00 Y0.00 100.0¢

Albino rets from the laboratory stock colony were selacted

for the different sspects of the study on the following basiss

a. 4&ighty weanling msle rats 21 to 24 daye olda (NRC, 1980
sand Frizcdmen, 1975) welgyhing between 31.5, anc 47.5,
withi an sverage weight of 39.5.., for yrowth axpariment,

b. #Fourty eight acult mele rats of 100 cays old (AhRC, 1980
and Frizdman, 1975) wei hing betwean 165.0g and 230,59
were gelected for the hitrogen balance studcies. After
feadin, the rats a non-protein dlet for a period of
seven days, depshding on the raduction in weight the
rats were grouped into eight grouypes with rix rets per
‘groups

D. ayaluation of Proteld (Mality
1. Growth
Bight groups of selucted rats houscd incividually were placed

on the test diets, with water and food glven ad libitum (NRC, 1963,

1979, 19807 Reo, 19743 Friedman, 1975). Weighed smounis of the
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Glets wers mixed with water, steamed ahd fed daily. The left over
foodé was collected, dried snd weighed. Records of ectual food
intske were mainteined., nats wor:. weighed individuslly on every
alternate dey throughout the experimental perioc of twnay ei ht

days (Friedman, 1978, Rao, 1974y K&C, 1980).

8. jg@ & ns._ﬂ.‘mw
The cuality of protein consumed is reflected by waight

gain and food intske (Friedman, 197%) NRC, 19807 »dller an'di
Tobin 1980) snc hence this criteria served as a basis for the

evealuation of test clets.

From the record of weight gein and protein intake, PIR was
calculated using the formula given by (NRC, 19803 Pellete and

PER - Q.ﬁ% in_weight (<)
Tot protein intake (g)

2. Nisgeden bslance
a. LRepletion pariog

A non-protein ciet containipg 83g staerch; 4y mineral
mixtures; 2g vitsaain mixturesy and 9¢g groundnut oil, wae fedé ad
libitum curing the depletion perioc of seven days., Tie tirst
three cays were adjustuent perioc sno lest four days the colle-
ction perioc (Pellette and Young, 1980, Friecdmen, 1978, MRS, 1980),
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burin, the collection periog, conicel flasks with funiele were
kept under the specislly .evised matabolic cages to collect

the mrine, The urinz was collect:d caily in the flark, volume
meesirad and prererved uhcer toluene (KKC, 1980, Brown et gl.,
1979)., For the collection of ths Laecal aami:l.es. & wire gauze
wes placed on the funnel to seperate teaces frouw urine, The
sanples were collactec daily, bulked for sach rat et the end of
the collection period, Thuse wsre cried in the oven, hairs end
adhered food particlee if sny brushaed off, weighed and ground

in the mortar. 1Iriplicate samplés of urine snc faecze ware taken

for nitrogen estimation.

weight oi each x'a.t. was recordad on tha eighth day of the
depletion period, ané the reduction in the weight calculated.
The rats were divicea into =iyht groups of sin according to wiyht

£0 that the average welicght in different group: were the saune.

b. Rapletion pexied.

The depleted rasts underwent an adjustmental perioa of four
cays. They were fed with stock diet from the lsborstory, Aftar
that the rats were fed with the experimental dictg for the ensu-
ing seve: days. A recordé of food inteks was maintained. Urine and
fescas were collectasd for lest Lour days end pressrved, The urine
and fesces sanples were pooled for each metabolic period and anu-;
lysed for the nitroyen content in triplicates using the microjkile
dbhal method (Hawk, 1963, Muller and Tobin, 1980). Biolo,icel value
and digestibilitics were celculeted using the formuls yiven by

BRC (1980).
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©. .= IV RESULTS AND DISCUSSION

. . The results of this invewthgetion en the “"Cwmiustion g
of protein quolity af infant formulstions developed by a
conanreial firn" on albino rate are presented and discussed

undexr the indigea ofs

Ao Growth

B. Nit:ogen Balange

Ae  fizowths

-

The results ébtainad under the growth indices ars discuseed
in the following oxder, P

. “"-

te Welohs guin -
- &8¢ Food and protein intake
3. Protein Efficiency Ratio

1. Mabsht_anins

The meon weight gein uf rats fed with the ssven exparinen ta:
diets and the case in control ere pressnted in Teble IlI.
Weight gaine of the indisddusl rats ars given in Appendix 11,




*IVaTIIP ATIULITITUDTS 2a@ PapJodsTepun 30U sSanTeA amy Auy

G6°6Z .QT°0C OB°EE 6L°SE 9L°Oy SE°by 6V°6P 8y TG 3 uTed 3ybtapn
Al TIIZ 14 ITd YIIAd IAd AL TEI3U0D UIsED & 38

S ysATcue TeDy3s 13638 JO Arvwmn-

85°TT 3 8y°T¢ 06°0T ¥ &°68 TE°Z ¥ Te'se T0I3u0d UTIE2D

L LTte s sLow Zv°67 Be°8L ST°z ¥ zr°se - TIA 4

T et T secry WweT 8 * v Ly'y T Ly Ov . TN

Tk 96°2 % z§6°&Z ST°5 ¥ €8°89 LLE¥ 168 Ad

LT 6poep €9°0T T zy°L8 oL 7 caLE a AT 3 7

12°v % T 0t 62°S + 8v°89 80°¥ + £C°BE | III 4

Z°CT e-se 06°tL ¥ SL°WL . ZEe'€ L678E o 3!

T6°c ¥ 0B°EE 81°9 ¥ g8z TT°EF S0°6€ IR ) O |

sIUsBAIOUY T°UTy T®137UY
(8) tHOoT2N s3e10

-— e @ W o
."--'-"-------"--"-'-“-'-"-' - e e R o - e e & =

-

1370 TYINIWIYIAXT INSH3IJIQ a3@ SIvHE 40 SSONVHD 1HDIZM AGQOE NVIW

IITI T7Evl



Rats fod on case in control diet registersd ths higheaet
weight gain (51,48¢g), while rate fod F IV diet renked second in
weight gain (49,49 g). The lowest increass in weight gain wes
exhibited by rats fod F v dint (29.92g), Statistical snslysis
however, indicated that the difference in weight gein exhibited
byrats fed canmein diet, dists Fiv and FVLi were not statisticelly
significent, Similerly, thers wers no significant diffsrencgs
in the weight ingrementa of rats Ted dietes Fyvl and Fvll; Fell
and FI1) FI1 and Flj end F 111 and FV, Howsver, the weight
ingremsntas umong thu rats fed the other diet comparisions like
cssein controli and all othex diecte except FIV and Fvup F1 and
(llla FI1 and FVIl ware significant at one percunt lavel while

all other ewgrﬁuun wore aigmifiesnt et five percent levsl,

‘The growth pattern (meen increments in wsight) of the
rate fod the sight diets se depicted in figurs I, highlights the
Quality of protein of the eight food mixtures since weight gain
of mealing rate is 8 sensitive indicetor of the adequacy of
anino eeid supplyy on the basie of which growth response, ars
ussd to compérs pruteins (Conolty end Koong, 1977) Miller and
Dcn.,(i9723a

2. fagd and Pzotsin intoke:

In all the wight divts, charges in food intake was
iinsarly relsted to changes in protein intake, since ths level of
protein in all the diets were maintained at 10 percent levsl.

The mean total food and protein inteke of rats fed the different
experimantal dicte ars given in Tabla IV and individual foed

»

and protein intakes ara givan in Appendix 111},

0
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The animals fed cgossin control diet recorded the highsst
food and protein intake (244,48 g und 24,44 ¢ respeectively)
followsd by rate fed FIV diet, Rets fad F VIl diet ranked third
in their food and protein intakes, the remaining diets may he
ranked as diet FVI, F 11, F I, F 111, F V zeepectively. from ths
stetistical analysie, {t was revesled that, thes rats fed on F 11,
F I, F 11l and 7 y, diets did not register significantly
different food and protein intakes,

Similaxrly, there were not signifissnt differences in the
food end piotein intakes of yats fod diets FI wnd F VIIy F 11
and F Vilyp F 111 and F V11 Howsver, the comparisions of diets
regarding their food and protain intakes asong the rats fed the
other diets like case 4in control and all other di:ts exceps F IV
and F VI, F 1 and F 1113 F 1 and F Vi1, were significent as
one parcent losvel while all other comparisions waere significens

at five psrcant lavel,

Hurt gt al (9974) opine thut food inteks and subsequent
protein intake is a direct indicgator of the quality of protein,

when tho data on food and protein intakes fia considered in
relation to the body weight gains, it is observed that the rate
fod casein control diet, Which rescorded the higheast food and
protein intake showsd the highest wsight gein end tharats fed
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diet F V diet which recorded tha lesst food and protein intake
showad the loaat gain in weight., Those observations ars in
tune with saclier obesrvations of Devades gt al (1970)

and Chandrasakhar gt g) (1976) who opins that the greater

the food and nprotein %ntukes. greater iu ths body wafight

gain,
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3. Pxotein Cffigiency iasios

The mean gein &in weighte protein intakss and protein
efficioncy retio (PtR) of diets daduced from the dats or rats
fed the different experimental diets are given in Table V,
The details regarding the seme for ths individual snimals is
given in Appendix 1V,

In the descending order of PER values the diets could be
zenked as cassin control, F IV, F VI1, F VI, F 13, F I, F 111
and F v, Stetistically, the PE" valuss betwssn F I, F IIl and
F V diste were not significent whils these thres dists, were
statistically lowsr (p 0.01) in their PER values when compared
with the othsr diets ingluding casein consrel,

when ths PER velues ere compared with weight gains, it is
svident that casein control diet and F VI diet which zanked to be
$he highsst having statistically insignificant difference bestwesn
themselvee in PER veluss, also promoted higher weight gasinae,.
Agein rats fod diet F V, which had lowest PER wvalue had lowest
weight gains, Obassrvetions in indices based on growth thus
helps us to speculate that bath diet casein cantrol and F IV sghowed
squel trend with regerds to their protein quality. On the other
hand diets F 1, F 111 and F V geems to be the lowest ss far as

protedn quelity is congcexned based on growth indices,

B. NiSrosomn Dolangs

The resulte obtained from nitragen balance study on the
sight diets are discusesd undar the following headinge:

f. lNitrogen retention

2, Digestibility Co~sfficient and Biologicsl velus,
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1. Miszeosn Exisniione

The mean total intake, excretion, absorption and retention
of nigsrogen f-om the eight different diets ere pressnted in |
Table V! and the details ere given in Appendix - Vii,

when the nitrogen retsntion pezcsntage of different diets
were ocompared, diet cssein control renked higheest with a retantion
percent of 67.9%%, while Dist F V registazed ths lowsst rstention
pezcent 38,405, There was no statisticel significent differencgs
between the diets 2ike F IV, F VII, F VI, FI1, F I, F VII] and
F Vy, with regards to their nitrogen retention percent, But
when cesein control diet wes compared to all ather dists showed a
statistsically higher percent nitragen zetention at five percent
lavel of significance, encept diet F V., Whan compared with

casein gontrol the differsnce was significent at ons pesrcent level,

2.

The digesetibility cosfficient and bielogienl value galculetw
from the nitrogen balancs data are presented in Teble VI end the
details pertaining to the individual rets are given in Appendix |
VIII and IX,

Cascin control diet gave the highest digestibility
cosfficisnt (92,17) and diet F V gave the lowest digessibility
coefficient (69,00), Dist F 1V ranked the second, while the

digestibility coefficient of the other diets revsalsd e
significently lower digestibility cosfficient values, st five
percent level of significance; diet F V, was significantly lower
at ons percent level when comparsd with cassin control diet,
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Kuppuswany gt al (1958) studied the digestability coefficien
of 15 spscies of legumes and found that digestibility coefficient
veried from 5% to 93 percent, The results obtain fer the pregent
study also showsd an range from 69,00 to 92.17 for Digestibility

cosfficients,

The Biological values probably s the beat measurs of
protsin quality and represents the amount of protein sbsorbed
that is retained by the animal orgenies (Bresseni, 1974)
Moore, 1967).

In the pressnt study, casein control diet registered the
higheet Biologicel valus (75,04), while diet f V gave the lowsst
Biologicel valus (54,T77), Diet F IV ranked sscond (73.50)
while the othars in ths descending order of ranking are diets
F vil, FVvi, F 11, F 1, F Ill, and F V, xeepectively. Diste
F 1, FI12, F 31, FV, F VI, F ViIi. when compared statistically
revesled no signifigant difference., Cesein contrel and diets F 1V
when compared to all other diets had biologicel value significantly
higher at five percent level,

Agarwal g% al (1979) etudied the Biological valuss of
10 different infant faod mixtures and found that Biological valus
veried from 55 to 80 per cents The results aobtained for the
prasent study also showsd a range whthin the ‘ynqo of 54,77 %o
75.08, ’

The Biological valus obtained from the sxperimentel diets
correlated well with Bark gt gl's studies (1975) which gives

s rnage of 30 to T3 for the Biologisal valus of wheat flour
varietiow with skim milk,.



Phansalkar (1960) reported that, Biclogicel valus of
cersal protaing vary from 60 to 80 percent and thoss of legumes
betwesn 45 and T4 percsnt. The prassnt study ds 4n tune wish
the study by rFhansalkar,

when judged fraom She paramsters r-po;t-d in this atudy
it {8 evident that among the ssven experimental diets, F IV
had registerdd the best protein gquality with regarde te weight
ingrements, food and protein intekee, protein efficiency retie,
and elso resultod in better nitraogen r¥tention percent, The
Biologival value and digestibility cd'-f'éi"ifiht registared by
F IV diet wasthe best as compared to othsr dists. There was
aleo no significent difference in these parameters when compared
with casein contrel, 1t is evident from the above dats that
the infent formulatfon F IV has equal potsntial with casein
in its protein quality, Fformulation like F VI1 may need further
onrtckmont in terms of amino acids but formuletive like F I, F 11
and F V necds greater modification, The fagt that F IV has equal
potentiel with casein indicates the possibility of {$s being
put into marcket with greater benefit to the communitys




V SUMMARY AND CONCLUSION

The objective of the present investigation was to

svaluate the protein guelity of infsnt formulations developed

by a commeréial £irm on albino rate. Seven infant tormulations

doveloped by a co.mercial firm were selected tor the protein

quality svalustion. An &ighth diet with cascin as the protein

source servad as a control for comparison. All the si,ht diets

planned were evaluat:d oh groups of-

1.

i. Wesnling albino rats over a period of .8 cays using
the criteria of weight gain, fo0d &nd protein
inteke ahd PLR,

3. Adult rets for a period of 14 days using the persmetsy
nitrogen balance to inclucve nitrogen retention,
ulyestibility coefficient and bioclogical velue

The results revealad thats

The meximum mcan welyght increment was registered by the
rats feé on cesein control diet followed by F 1V and ¥ Vi
dist next in order. The minimum mean weight Jyesin was
recorded by the rets fed FV diet. Statistically, the
waight increments amohg rats fed cassin control and ell
other diets except FIV and FVIy Fl sna Fill; FI and F VII,
wvhese signiiicant at one percent level, while other comperi-
son like FI Ve FIIX, ¥V and F vilp F VII vs casein control
were signiiicant at five percent level. All other diet

comparison were statistically not siyniiicent.



2.

3.

4.

40

The totsl food inteke ranged from 181.82 (FV) to

244048 grams (cesein control)e. Subtequsently the protsin
intake renged £rom 18,18 to 24.44 grams., Statistically
the protein intake of rats .eddlets FII, FI, FIII and
FIV were not significantly uitferent. Agein the compari-
sons between protein intekes of rats fed FI and FV1iIp

FII anc P VIIy F IIXI andé F VII, were not significant,

All othar comparisons were statistically eigniiicant,

The PiR value for cescsin diet were the highest (2.13)

and diet F V the lowest (1.,%33)., Accogding to the PiR
values the diets muy be ranked in disording order as

P IV (2.07)1 7 VII(2.,02)3 F VI (2.01)y P IXI (1.90)y

FL (1.69)s FIIL (1,57). Gtatistically, the PEL values
batwaen FI, FIII snd F V Glets wera not eignificant while
these three ciets, were statistically lover (p 0.01)
in their Pk values when compared with the other alsts

includinyg casein control.

The pescontage Bitzoyen retention in pdult rats fec with
eight ciets renged from 33.40 (FV) to 67,93 (casein control).
statisticelly the cesain control uiet showed higher parc.nt
nitrogen retention when compared to other ciets whereas the
nitrogen retention all other dilets ware not stgbie-
fically significent, Diet F IV was not statisticelly

siynificant from cssein control.
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S The c¢ig. stibility coefficlent slso exhibited zimilar
trands., Highest digestibility coefficlant was given
by cas:in control dlet (92.17) which wes significantly
different from all other diet iormulations, except FIV

diet,

6o The biologicsl vslue of thes clets also 2xhibited similer
trends. The high.st blologicel value (735.04) was ebtained
for casein control whereas P V diet hed tie lowest value
of 354,77, :statistificelly cesc¢in ocontrol Gliet was diffe-

rent from all other diuts «Xxcept F IV dist,

The results of this investigation indicates that the
infant food tormulation ¥ IV hac equal potentisl with r .qurd
to its protein cuslity to thet cesein diet when weight gains,
fooa snd protein intaskes, protein efficicncy retio, nitrogen
retention, cigestibility coufficient and biologicel velue are
taken into consgiderstions, with slight mocliicatione may be
in ite amino acicé psttern it would equal carsin An protein cua-
lity, tiowever, the othur formulstions required greater mocdifie
cations end improvement, FProm the point of view of protein
ruslity, besed onh the criteris svalusted in this study it mey
be recomnendsd that formul:tions IV can easily be put into
markec es en infant foodu. HoOwever, further modificstion ana
studies along these lines :or othsr food forxmulations is

I aC0omendad.
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APPENDIX I

Sedium chloride = 139,3
Fesassium Dihydrogen phosphate = 389,0
Calcium carbonate = 38]1.4
Magnesium Sulphate = 57.3
Ferrous sulphate = 27,0
Manganous ‘ulphate = 4,010 -
Potassium Iodide = 0.0
/inc ulphate = 0,543
Copper Sulphate =  0.477
Cobalt chloride » = 0,030

Vitamin A = 1000 I.u
Vitsmin D = 100 I.u
Vitamin E = ]0.1I.v
Vitamin K = 0.5 mg
Thi amine = 0.9 mg
Ricoflavin = 1.0 mg
Pyridoxin = Q.4 mg
Psntotheaic Aclid = 4.0 mg
Niacin ' 4.0 mg
Choline = 200 mg
Inositol = 29 mg
Paba = 10 mg
Vitamin 8'12 = 2 mgy
Blotin = 0,02mg

Folic acid 0. 20mg
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