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I. INFRODICTION

In a nation's march towards prosperity, extension
of health facilities to all her people is of primary importance
(Murthy, 1971). The World Health Organisstien (WHO, 1936)
has defined health ss a state of complete physiecal, mental and
social well being, @ood matrition paves the way for an optimal

level of health and well being.

Malmutrition arises from faulty diets (Rama Sastri,
1968), It is a major osuse of 111 health in many developing
countries. Malmutrition is invariably prevalent wherever
the diet is caomposed largely of ome of the five calorie n-ld:l.nE *
staples of the world namely, rice, wheat, maise, cassava or

millsts (Iowenberg, 1968).

The Indian diet is marked Wy the preponderance of
cereals. According to Sweminathan (1972) cereals providse
70 to0 80 per cent of the ﬁroto:l.n in tke low imecoms groups. The
surveys caxrried out by Devadas ot al (1967 amd 1971) illustrate
that the home diets of rural people m defioient in almost all

tha muirivtents,

India lives in her half a million villages whare

80 per aent of the population lives. Therefore, whils considering



the improvement of health of the natiom, rursl areas need
greater attention than they are Treceiving at present (Devadas,
1961 and Reddy, 1967)

In South India, $he prevalence of kwashiorkor smong
%oddlers im the poorest sections of the populstion 4s im the
oxder of ons %0 two per eent (Gopalan, 1970). Gopalan and
Yijayaraghavan (1971) express that about 10 to 30 per eent
of the Indian population suffer from iron defigciensy anasmia
and 52 pex cent of Y0ddlers among the poor sosio-economic

groups have hasmogloddn levels below 10.8 per eent,

Protein-calorie malnutrition eam be remedied by a
munber of altermative puiterus of diet supplemenis (Joy, 1911).“
Animal protein s delicious and adeguate but the present total
animal protein deficit 48 about five million metrie tons, or
about the quarter ef the existing supply (Altschml, 1966).
Although 70 per cemt of the populstion im India are none-
vegetarians, because of the high cost of animsal feoods and
limited purchasing power, pedple consume more starchy foods than
animal foods (Iowenberg, 1968 snd ¥Whyte, 1968). Hence income
influences not only the total wuantity of protein im the

diets, but also its quality (PAO, 1964),

Increases in the quantity and tmprovements ia quality

of proteins 4in the dists, oan be brought about Wy increased



eonsumption of the protein foods eocmmonly used, as well as,

¥y the addition of protein eoncentrates and newly developed
protein rich foods to the normal diets (PAO, 1964 and PAG, 1970).
In the recemt years, attempts have beem male to develop novel
protein foods such es the 1@ protein, propagatiom of chlorella,
and vbgetabls protein mixztures such as Incaparina and several
others, However, the use of such foods has been restricted

Wy lack of attractive products in gertain cases, and Wy the
problems encountered in their acceptilbility im other sases
(Devaias 1967). Prevailing prejudices among people and $aboos
also limit the use of newer foods (Whyte, 1968), Hence attempts
should be made to supplement $he custamary diets by locally

produced low cost nutritious amd aocceptable foods (Stiedeling,
1964), As Devadas (196T) states, the mutritional superiority ~

of a new foold mixture should be estadlished 4in the laboratories

before advertiming or sducating the pecples regariing their use,

The present study 4s an attempt im this directions
It was undertaken 4o svaluate three low cost indigenous
vegetable protein food mixtures oontaining tubers and leafy
vegetables at different levels of fLwoorporationm in & basal
dist a2 @ basis far improving the normally existing rural diets
around . Coimbatore Gity. The three newly formulated diet
mixtures with indigenous supplements were evalusted along with
the basal 4iet for their Protein Efficiency Ratio, Mological
Value and Net Protein Usilisstion on albino rate.



IX. REVIEW (@ IITERATURB

The literature pertaining %o this study is reviewsd
under the following headingst

A Fusritional deficiencies im poor Indian diets.

8 Rols of indigenous low cost foods in
combating malnutrition.

andC,  Blologioal «m}ion of protein quality,

A tional DeZf » oor (AT ]

The diets consumed by a vast majority of the pecpls
balonging %¢ the low ineome groups 4in India are based mainly
on coreals and millets, Phey contain only small eAntities
of pulses, vegetables, oils aml fate and nagligible amounts
of milk and other animal foods, Murthy (1955) and Rao (1967).
Sukhatme (1965) states that one third af the households im
India can be considered $0 be undernourished or salorie
deficient, The National Ssmple Survey Reports (1966) reveal
that in the rural areas; 68 pexr cent of tshe %otal income is
spext om food alone (40 per cent om cereals, 8 per eent om
eilk, 2 per sent on flesh foods and %8 per ceat on other foods),
Agoording %0 the Indian Oounoil of Medical Researoh (ICMR 1369),
the average daily per eapita consumption of oalories ismbout
1990 as against the sverage per capita yequiremsnt of 2000
ealories. Gopalan ard Rao (1971) report that the intake of



oalories 48 only 70 %0 T3 per kg« body weight as against the
requirenment of 100, They estimate the incidence of ocalorie

deficiency %o be 92 pexr sent among pre-school ehildren ik Indie.

Patwardhan (1961) warns that poor vegsturian dietw
based OR rice and jowar are deficient in protein, B vitamins and
minerals, Hariharsn et al (1967) observe $hat the Indian &iets
based on rise mnd wheat are deficiemt {m caloium an? ecertain

vitamins,

Vitamin A defieienay 48 very common in India, aseountirg
for s quarter of the mitritional deficiencies in the country,
Aykroyd ot al (1966). Reddy (1969) states that eight per ecent
of fhe ehild ren betwesn six months and six years around ~
Hyderabad haite vitamin A deficierncy signs and that the incidenoce
of vitamin A deficiency is particularly high among the preschool
ehil ren whose dietary intake 48 about 100 L&/ dayy most of
which is derived from Searctens, Reddy (1971).

Thexe 48 also widespread prevalance of riboflavin
deficiency 4n India as rice 18 a poor source of the vitamin,
(Ramasastri, 1969), Swaminathan et al (1970) report thas 28,3
per cent of ohildren betwesn four end five years of age in the ruml
areas are suffering from riboflavin deficiency as characterised
by angular stomatitis.



Pellagra is a common matriticnal deficiency eonditioa
around Ryderabad accounting £or nearly one per cent of the

genexral hospital admissions and nearly eight te ten per cent

of the admissions to the meutal hospisal, Gopalan (1969).

In Indias, pulses are next im importance $0 major oereals,
Patwardhan (1961). Parpia g% al (1964) have experimented
with several low gost protein rieh food eombinations whieh
include 1s gumes and oilseed moals, FAO (1964), Aykroyd (1966)
and Yadav and Bharadwaj (1971) indicate that pulses are rich in
protein and some of the B vitamins, An intale of 70g. pulses
por day will improve the mutritive value of a diet whieh 18 If:gely
eompesed of eereals, Pulses furnish not cnly protein bt
inevitably lead %0 an inocreass in the sarbohydrate sontent
of the die$; s5ince all the pulses cantaln more than twice as

mich garbohydrate sas protein, Husler (1969).

Gopalan ot al (1969) emphasine the need for reduced
easurption of cereals Wy both urban andiwral groups and increased
comsumption of pulses and other protective f£oods 4ia order o
improve the Indien diess. ZTherefore, Rao (1969) stresses
the gonsumption of pulses a® an important way of ensuring
sdaqua¥e oarbohydrate and protein intske im many developing

countxies,



Cereals and pulmes eontinue $0 remain as the m jor
source of matri’ ents providing 85 %0 90 per cent of total
protein, 30 to 52 per oent of total fat and 84 per eenmt of total
ealories in the Indian diets, Bao (1967). Pant (1971)
indicetes thad in humen dietaries addition of pulss to whost
oan yeplace lysine fully. Use of what plus pulse in the
ratio of 8:2 protein was proved 40 s as good as lysine
supplemented wheas. ZThis practics has the added advantiage
of providing extre ealories, protein snd other matrients 4in the
dtes,

Rema Sastri and Mohan (1969) report thet pulses and
green hafy vegetable s are yelatively zieh sources of folie
acids Oreen » afy vegetables are aleo good sources of riboflavin,
Since they are relsatively inexpensive, their inclusion iam
adequate amunts in the dist can improve eonsideradly the
riboflavin content. Greenleafly vegetadlas are very good sources
of iron also, (ICMR, 1966)s They are avilsble throughout the
year, They supply emsiderabls quantities of vitamin A, folie
a0id, ascorbic acid and ecalcium (Iyengar, 1967 and Jelliffe, 1968).

Anandaa gt al (1966) found green B afy vegetabh s o be
a good mpplument 4n the school lunch progremme 4n improving
the nutritional status of ehildren. Bupplementation of 40g. of
amormthus providing 1200ng. earctens far 13 days brought about
e significant increase in the derum vitewin A levels of children

in Hyderabad (lala and Reddy, 1970),



20 many mtritionists the simplest way of improving
the nutritional status of our ehildren is %0 increase the
consumptien of what they are eating presently, namely the
cereal based diets with the aldition of inexpensive and easily
nuhbh protein foods inm suitable forms in the eereal

based diets, Beddy (1968).

Zhe 'm%:ﬁggostl that vegetable protein foods inm
suitable eaombinations 6an bs effectively employed feor the
prevention and treatment of protein malmutrition in ehildren.
Autret and Van Veen (1933) advise that im order $o overoome
$he shoxrtage in supply of milk amd other proteosive foods,
attenpts shou)d be made $0 prepare processed proteim fools based
on vegetable sources such as 0fleeed mesl, and legumes, ~
fortified with vitamins and minerals, whioh whem inoorporated
a8 suitable » vels in She diets, would empplemsnt 40 & marked

extent the aversge Indian diets (Doraiswami ot g, 1961).

Venkat Rao (1964) puss forth that ky suitsle blending
of twe or more paotein foods available im the region, 1%
woull be possidle %0 obtalm a protein blemd of kigh nusritive
valus, Dumn (1966) sonduoted a feeding tridl with a blend
of gromdmt protein isol te anl Bengalgrem flour fortified
with vitemins and minerals on preschool ehildrem, and found
significant inoreases in the heights snd weights, Kurien ¢k a)
(1969) observed that a protein f£0od based on a blend of peamt and



ehickpea flours prodused an increase of 4.7 g im weight per
week in raets, when the calorie intske was adequate. I-tuf*hn
(1969) founa hat the FXR of a rumber of mixtures ef rice,
jowar, whest and dafra Witk peprations having redgream,
Bangelgram snd groundmit $0 be 1.8 and 2.0,

Joseph ot a) (1960) having determined the amino
acid samposition of blends of soyabean and sesams in the ratioe
of 55145, and of the mixtum of grourdmat, soya beam plus
msthionine, found them %o be nearly ssas as that of FAO Referemce
Protein Patlern. Brinivas et a) (1966) found the blexd of
groundmutv £lmn’, soya bem anl sesass in the ratio of 40140120 to
havea PHER of 2.3,

-
Narayenaswany ¢f 8l (1971) observed that the insor-

poration of low eost protein f00d based on & blend of wheat and
soya flour at 10 and 20 per sent s0 as %o provide 1.9 and 3.8g,
of extya protein im the d8ie%, brought about a significant
increase in growth rate of rats. Pant (1971) indicated thas

the PER of what and pulse diet Supplying protein im the retio of

812 wus Bimilex $0 that of lysine supplemented wheat,

Phansalkar {1958 and 1960) indiested thas after
npi:uon for 21 days the rates of regenerstien of serus
protoins with nixtures ¢of wheat; redgram snd amaranth were of the
sane arder as that of skiam milk, iR adult rete. HNe further

indicated that in addition 0 the above raiio, imeorporation
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of lsaf protein yielded a protein mixture which

approached skim milk 4n regenerating scrum proteins.

Supplementation of tzp{ea with pulses and redgrem
produced an average weskly inorease of 3.4 ¢l¢.6¢ reppectively
whereas when tapioca was fed alone the animals died within five
weeks (Naryana Eao, 1951). Taaker et al (1962) ebserved shat
supplementation of mi® - taploca blend with a high protein
food lased on & blend of groundmt ad bengalgram protein
fsolate promoted a significant increase im the growth of rats,
On thebasis of $wo studies sondusted, Tasker (1963) observed
that mipplementafion of & poor $§apicoa rice diet with a protein
£00d bassd om 43333 blend offull fat soya flour, groundmut
flour and eovomut mal resud ed in highly eignifiesat inoresse ™
41 senum protein and nitrogen storage with PRR not signifiocantly
different from that of skim milk at 10,15 md 20 per oot

lsvel,
C. aal t ®

The quality of a protein depenis on essemtial smino
acid oamtent and the presence of these amino asids im proper
proportion (Howe, 1967). FPomon (1967). states that the quality
of & protein depenis oR its abililyy 40 supply essential amino
acids fn sufficient amounts to fulfil the requiremsnts for

nint@?e and growth,



Yenkat Eao gt al (1964) indicste that the quality
of protein can be estimated Wy

1 Methods baged om growth amnd body wight changes
2 Nitrogen baelance
3. Carcass nitrogen amalysis

and 4, Other msthods,

1.  Mpthods based om grow$h and body weight changes
Protein Effjojency Rasjo (PER)

Under carefully smirold 4 sonditions Hegested and
Vorcestor (1947) found that weight gain alone was sufficient #0
evaluate protein quality witbout teking inte scoount protein
invake, Paaker (1962), Albaresc{1963) ad Howe (1967) regard L
that = amuenent of protein efficiency by gain im body weight
18 one of the simplest and most popular prodedures available, 2he
protein quality -herefore 4s often expressed as Protein Effieiency
Ratie which varies 4ivedsly with protein qualisy. 7The National
Besoarch Ceuncil (1963) states that the rate of growsh of
weanling rats under ntmdaxél.aed conditions provides & reliable
mea 3ure Gf the value of dietaxy protein. Fomon (1967)
assunes that PER msy provide a gensrally useful index of the
limiting amino sgids &n the died and has the major advaniages of
-upneg,ty, sonvenience and widespread use of nmﬂualud

procedures.

1"
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The AOAC (1960) has described a stanlardised seoknique
for destermining the PER using a pariod of 21 t0 28 days.
The Protein Advisoxry Group (PAG, 1970) 18 taking more snd moTe
interest in bridging the protein gap of the commnities and w»
one of the measures it studies dseply on different foode, evaluating
the pmiein quality as affected Ly different faotors. The
Indian §twdards Institusion (I82, 1971) eonsidersPER %0 be the
most feasible prwmeter for defining protein quality. Since it
feols that this method ean be ut:nau for comparison ef protein
quality, oenly if the variable factors of the method are the same
in the vaxrious testing lsboratories, it hes evolved a standardised

procedure for determining PER.

Pagtors affect PER:

NEC (1963) and Poaon (1967) indteate Shat the factors
affecting PER assay are (1) age of rat, (11) length of assay
peaiod, (444) level of protein and (iv) sex of rat, Best coniitions
inclwde a four week sssay period, diets aontaining 19 per oent
protein with suffieient amounts of the other sssential nutrients,
male rats and ad Aibitun feeding under whieh eonditions, reproducibdle

be
results ean obtained,
N\

Harte et al (194%) put farth that & certain smount of
restriotion by paired feeding may improve the moeurasy of the method.



Bender and Posll (1957) however oriticise the

FER method on the grounds that

a. Yo allowance is made for the maintenanse
requiremant of the test animal

| N Remult varies with food intake
8. Assumpsion that gain im body weight {8
indicative of protein tissue laid dom
The NRC (1963) further poim » out that gain im body
weight varies with pretein levels and msy not b eonstant ia

composition for different proteins.

2. trogen balsnee:

Nitrogen balance 48 a valuadble index for the measurement
of mutritive value of protein. 1% 19 a very sensitive msthod =
for estimating retentiom of nitrogen in the body (Munro md
Allisson, 1964). Ko substitute ean olaim $0 be ar sedisfaectory
as nitrogen balance method for evaluating the total nutritive
value of proteins, It has long been used to evaluate the quality
and quatity of probein in the dies ofum (Anderson, 1969).

Since differences between bdiologis valme of two proteins {0 8
function of only one variable, namely, protein quality, it fallow
that Mologic velue 4is a suitalle index Bor evaluating differences
in protein quality (NRC, 1963). DPesikachar ot gl (1948) state
$Lat the bologic asssy of protein for the mutritive value 1is
usually dons by growth und mitrogen bulence method. Protein
values have been sxtensively imvestigated Wy growth tests and Yy

Aaitrogen balaonce and retemtion tests (PAD, 1964).

However, the main eriticism against She nitrogen



balance method 48 the short duratiom of the metabolic period,
because it 48 possible tha$ suboptimal eoncentrations of a
partioular amino aeid in protein which would ultimately prove
to bo:hanuc-p 40 the mnimal, might pass on without eonseqmence
in ths nitrogen balance, during the short test period,
(Mitchell ot al 1945).

3. Oarcass snalysis
Net Protein Utilisation:

The proportien of the mitrogen retxined im the body
(¥PU) from that consumed through food is known as XPU, which
is the moat useful indicator of mutritional value of a protein,
PAO (1964). NPU 4n practioal evaluatiom of diets eombines
quality with quantity, Munro (1964). Measursment of NIV at¢
levels of dietaxy protein which are adequate for maintenance,
provides reasonably eonstant values for protein qualitye ’ XPU
operative allows evaluation of dietary proteim quality under
practical eonditions, Platt et al (1964). Allison (1964) states
that obviously a more accurate ostimutien of nitrogen retention
s the animal would be odtained by determining carcass mitrogen

instead of body weight,

NPU is caloulated using the mitrogen intaks of each
group (I) and their toval carcass ¥ (B) insluding the nom
protein group (Xk and Bx) using the following farmls

14
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he NPU values obtained are designated as KPU (op) (Miller and

Payne, 1959, wad Na$ - NEC, 1963).

If NPU standardised §8 required, the protein eoncentration
is subetituted for scme of the corm starch im the non protein
diet fuxymla 80 as to give between 10 and 135 per cent protein on
dry weight busie 4im the final diet. KFU standardised is
¢alculated from

NeU (wt) o _54.NPU -8
54 - P

Where P is the pereentage of protein calories (Millen amd Payne,
1961 and NAS « NRO, 1963).

Block and Mitohell (1946) ebserved a good agreement
between the resul$s being obtained through NPU method with those-
reported by other workers using accep: ed methods, whoing the
showing the yeliability of the KPU method,

Bender and Miller (1953 and 1953) found that the body
eonstituents inoluding nitrogen t0 water ratio were oonatant thus
allowing measurement of nitrogen eontemt ofthe body from the water
eontent of the garcass, 7The relatiem approximates clesely $o

& straight line given by the equatiom

Y = 2.92 ¢+ 0,02 X, where,

Dreyer (1957) determined the miSrogen water ratio of
300 albino rute apd found the nitrogen values served thareby
eorrelated highly with values abtained by direct kjeldahl

determinations. Platt and Miller (1959) noted that NPU determinatien
Of vavious dietavy proteins wewve Compavable  when measuzed at
fe maintenance levels.
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ot Die o es Per cent (NDp €al%)

P40 (1964) resomends ¥Dp Cal¥ as & useful aystem
of ansesaing the protein valuse of foods and diets. Munro
(1964) states thaim Cal § recognises that the requiremsnt of
the oconsumer for energy will lMmit the amount of any food stuff
that he can eat,

Platt ot al (1964) state thed NDp ealf takes imto
asonmxt the guantity of protein and ile quality in addition 4o
the enexgy dontent of the food and thus the relative quantities of
earbohydrates, lipids and alsohol, The calorie imtake in relatiom
0 consumer's needs, the nature eand proportion im a diet of
many esuential accessoary food faotowe snd the dietary reginen
as the timing of ms ale and distribution ¢f protein between vari\oul
meals of the day are all considered in this cdloulation (smdmx),
Thus this method of ep ressing the nutritive value of & protein
in diste can be compared directly with statemext of protein

regiremnts in terms of energy.

4.  Other methods

Heptio nitrogen md fets
Addis ot al (1949) emfirmed that the liver weight

of rate repidly decrezsed during short periods of fasting eor

while conmuming disss low 4n protein. Kosterlits (1944) found

$hat heptie mitrogen axpressed im Sorms of wnit body weight

16 & good index of the quality and quantify of idetary proteins,

Vars and Gurd (1941) developed a method im which the rete of regensration
of heptie proteins 4im rats was ¢orrelsted with the mutritive

valus of dietary proteins,



Campbell and Xosterlits (1948) evelusted the
atritive value of proteins based om replemishment of labile
liver protein im protein fasted adult rats and found that to
be & good method. Idtwack st g (1954) noted goot eorrelstien
b¢_tween protein metablolism and ldver £&'§ sccmulation. The

amount of pyotein 4im the diet affected the hepatie fat eontent.

Harper ot al (1953) found that the extent of fat
depositian in the liver depended upon the balance as well
as absolute quantities of amino scids im the diet. An imbalance
betwean protein and ealories in the diet alse eaused deposition

of £ in the livers (Hale snd Shasfer, 1952),



II1I. EXPERIMENTAL PROCEDURB

The experimental procsdures ps résining to this study
on svaluation of three low cost rice based vegetables food
mixtures gontaining different quantities of prossin foods, Subexre
and green loafy vegetabds on albimo: rats, imvelved the following
stepa, |

A, Seleotion of the diets

B. Preparstion anl analysis of dicts

and C, Bvaluation of the protein quality of the
dtete wy

1. Protein Rfficiency Retio
2, Bapatic nitrogen and fat coatents
S Fitrogen balnnoe

and 4. Petermination of XPU
A, Seleotion of the diets:

The diets selscted for this study were hased on
the several diet surveys condusted by the Syi Avinasnilingam Home
Seience College %0 note the food ounsuyption by rural families
in Ocimbatore Distrios. From the data gathered through the
surveys the composition of the dully dietaries of the rural population
wo.t computed Devadas et al (19%1). The zural diet was found

protein
%0 oonmtain 6.7 pexr oent with a chemical soore of 67. Thie aiet
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was selected t0 be the basal diet for this investigagion,

with:a view $0 evaluate the paor low sost rice based diets.

The oonpjuuu of the basal dies(diet A) 1 given
4n Tahle I.
TABIE I

PERCENTAGE COMPOSITION OF THR BASAL DIRT

Poods antisy (g) Protein (g)

Cereals 69 4.4
Othsr Inge ents
Mulaes T 1.7
Ureen b afy vegetablh s 3 0.1
Roots and tSubere 4 0.1 ~
Other vegetables S 0.1
Pruite 2 0.0
Mk 8 0.3
Sugar and jaggery ) -
o1l 1 -

Lord 106,0 6.7

Ricey ragl or sholam were écnsumed as the staple
osreals in the £ifferent arsas, In this study, rice has been
eusidered us the staple, Bimilarly ro:‘gm dhal was included
for pulises, amarantius for leafy vegetables, potato for roots,
bringal for other vegetabie and banana for fxuite im the
formulation of vhe dies,



Three &iet mixtures were formulated $¢ bring wp
She protein content of ths basal d4iet to 10 per cent utilising the
eommtnly awilable high protein indigencus food stuffs im
different eombinations, Their chemical acores were T1,72 and 71,
The three experimental dlets were designated as 3,8, and D,
Table IXI gives the composition of thase $hree experimental diets,
TABIR IXI

COMPOSITION OMrHE EXPERIMENTAL DINF'S

Quantity in g.
Ingredients
Diet 3 Diet ¢ Diet D

Rioce 35.0 35.3 3%.8
Colonasia 6.0 - -
Horsegram 12.5 13.0 3.8
Seamne 5.9 $.0 5.0
Drumestick leaves 5.0 5.0 —
Groundmat flour 4.5 4.5 4.5
Sweet potato - 6.0 4.3
Aparanthus — - 5.9
Other ingredients as
found in basal diet 3.2 S1.2 S1.2

L LT 100,0 100,0 100,0

3. 8 of 1

All the foods needed for thelentire study were

bought in ons lo%. All the perishable foods wexre 8lsaned anl

dried %0 eonstant weight and powdersd. The basal as well as the



three experimsntal diets mseded fuor the entire study were

mixed =nd pzinmd 1n deep freem.

To ensure mn adequate supply of vitamins and minerals
$0 the rats, four per cent mineral mixture and two per gent
vitemin mixture were added to the diets (USP XVII). Their
ecoposition is given in Appendix J. The diete thws ¥ dpared
were analysed for their protein sontent by the macrokjeldahl
mthod (Howk ot gl 1965 as modified by NIN) as given in
Appendix IX, The protein eontent of the diets as analysed
and oaloulated is given in Table III ,

TABIE 11

PROYRIN CONTENT OF THE SEIBCTED DIETS

Diet A Diet B Diet © Piet D

#* 5 »~e * % * *h

6,68 7.00 9.9¢ 11,00 9.95 11,0 9.9% 1.2

% Protein content au calculsted
#%  Protein content as analysed

The protein intake of the animals in the study was
ocalculated bused an the analysed valus.



€., DBvaluation of t ok ality of the s

1. Proiein Bfficjensy Rasio (PER)s
Determimation of PER ingluded the following steps,
a, Selection, grouping end care of animals
| 8 Poeding the animals

e o, Maintadning weight records and caloulatioa
of PER.

8.  Selsotim, grouping and oaxe of animsls:

Twenty one days 0ld albino rats were separated

from their mothers and maintained om stock diets for three dgys,
Joxrky such weanling male rats were selected for the study and
thelr inltial weights recorded, They were 4id ded imto four
groups of ten each, in mueh a way that the mean weights of the
four groups were similar, The mean weights ranged from 33,96g.
%0 34,08 g. The growps were designated as drowp A)3,0 and D
eorresponding 40 the #iets 90 bs fed. The animals were houmd
in individual cages which were Gleansd daily and each eage was

mayked with the respective diet mumber,

b  Teoding the smimale:

Sroup A was fed the dasal yice diet while the other
Shree groups were giwn the test diets B, 6 and D respestivly.
Paired feeding seckmique(Rippon,.1959) was followed im this
experiment as rescommended by Knox (19%6) %0 eliminate ay
metabolie adeptation which might be produced by veluntary dietary
changes and gonfimmed Wy Murray (1948) %o be eomparsble to
ad libitunm with respect %o PRER, Water was given ad libitum %o
all the animuls.



Te minimise spilling, & weighed quantity of the
diet was wixed with water to a thin batter consistency in
individual, aluminium cups and stesm cooked for 10 minmmtes. One
drop of God liver o4l was added %0 each cup after eecking snd feod
%0,Yata. The 1014 ever food was colieoted em the fellowing
day; dvied An a hot «ir oven at$ 100°0 and the dry equivalens
obtddned, ZThe food consumpiion was thexn calculated,

Daily
food intales records were maintiined far a period of 28 days.

Rat®, were weighed aocurately on aljernase days in
& yai weighing balanoe befors fcod was givea ani the weekly
inarease in weighte were dsterminsd for esch group. After a
period of 38 days ihe experimmnt was serminated and PER was
determined Wy the following formuls as given by (NAS/WRG, 1363).

PER = gein ip woight of Sest amimal {p -
g. of protein consumed
fat

4. Hepatic nitrogep and comtentss
A

The growth and nitrogen balanse stuly was supplemented
Wy a study of the effect of protein quality om the liver, which
18 considered by Wainio gt al (1959) to be the most sensitive

tissme to protein depletion,

A the Serminatiom of the FER study, the rsts were
shloroformed and the livers removed, OCare was taken %0 blot out

$he blood and trim the fatty tissue and storedthe livers in the



)

deep freese ¥1l1l the day of analyais. The 10 livers in each
experinental group wexe pooled into three groups (3 ¢ 3 +4)

and hamogenised. The hepatie mitrogen was determined im
triplMeates Wy the microkjeldahl method (Eawk ef al 1965 as
modified by NIN) ani fat was estimated by the method of Folch et a)
(1957)s

The initial hepatic nitrogen and fat eombents were
detarmined from a group of Iour weanling male albino rats at the
beginning of the study by saorifieing the animals. The mean
wught:ttho animsls carresponded $o the m an weight of the test

£E0Up 8

3. Eitrogen balsmoe: '

FKitrogen balamse index was deSermined by Mitchell's
msgthod. {1945)-, The proosdurs tnnlv:d the following steps.

a: Selection of anirals.

% Orouping the animals aftey feeding the protein
free 4468 for mdven days.

8. PFeeding the animals for the test .

and d. Analysis of urine emd r?‘%u and aloulatica of
the Bielogieal Valune,

s, Selection of animals:
Twert)” four male albino rets, 100 days eld were
ohogen for the study. Their initml weights wers recorded amd

the animals wewe housed im individual wire mesh bottomed eages



) . ]
with funnel att$achaent, speeially devi sed 60 a3 t0 fasilitate
eollsction of fa:-:\e- and urine,

Jrouping the iz
for esven days

The selected snimls were maintsined cmp pwotein
free diet for a peried of seven days, 4n order %0 determine
ths endogenous excretion of mitrogen. The somposition ef
the diet included stareh (86%) and fat (6%) with the sddition
of vitaxin and minersl mixtures. About 30 g. of the died
wag steam cooked in individual cupa and fed t0 the rats. Intuke
records were maintained similay to the FER study Shroughout
the experimens., Water was given ai Libitys .

After a three day adjustment period with the ’roto:uf,
free diet the ecllsetion of urine axd fasoes was done for a
period of four days. The wrine gollscted was pressrved ia the
refrigeratopy im individual bottles with an added layer of
$oluens, The fasces eollscted was brushed $o remove the hair
adhering %o 1%, dried 4im the oven snl preserved for analysis,
The volume of urine snd the weight of fasees were noted initially.
At the end of the depletion period the animals wereweighed
and the stock diet was fed for a period of four days. The
rats were than divided into four groups of six each, ensuring
that the mean weight loas of the four groups was similar as
recaméled by Gangal wd Margar {1969) and designated as A, 3, €
and D gorresponding 4o the diets to be fed.



¢, Peoding the snimalss
The four groups were fed the 4ifferent test dietss

for a period of seven days using the pd.ﬁ feeding technique,

n
Pour dgy collsotiom of urine anl fasces were made affer an adjust-
ment period of three days withy the test diets., The

sollections were dons as desoribed for the pretein free diet,

4.

The nisrogen sontent of the individual urine samples
as woll a8 ihe AJred und powdered feces samples collected
during the two phuses of the study were analysed Wy mierckjeldahl
wethod. Bologiesl Value (IV) was oalouZited wsing the
tormmla (NAS/NRO, 1963)
¥ -1 - (2-7)-(v-0K)
1-(¥-7"x)
¥here I = Intake of nitrogen
I r:o“en nitrogen
X = Endogenous 1:\3«1 aitrogen
U « Urinary nitrogen
UK = Endogenous uminary nitrogen
Digestibility Coeffioient (P0) was saloulsted using the following
formla

IC = Absorbed ujtrugen X 100
Htrogen intake



4 Determination of 1

NPU way determined by the method of Miller (1935],
Saling body comppivion inte seccunt (Fomon, 1967). The
followingwere the steps involved im the determination of NPV,

a, Belection and grouping of animals

B Feeding the animals and maintaining weight
recoxrds

and @ Analysie of garcass mitrogen and ealculations

Forty weanling male albino rats, 25 days o0ld were
selected for the study. They were weighed méuh and housed in
individual onges. Zhe rats were maintained on stock diet for-

& periodl of ons week after which they were weighed and divided
into five groups of eight eash according %0 their weighte and

degsignated as Ag B, 6, D amd B,

»)

The four groups AyB,C and P were fed the basal and
test dletms and group B was fod the protein frvs diet, the
sompsition of which 48 simllar %0 the one given im the mitrogen
balance studys Vater and food were givem ad libitym o The
daily food inteke am well as the dody weights were recorded as
done for the previous experiments. The rats were fed for a
pericd of ten days.



AS the end of the ten days, the snimals were ohloroformed,
insimions made ixto the abdominal cavity and the alimeataxy
canal cleared of the contents. The earcasses were laid on a
Sray » ' bhrougito a eomatant weight. After heating for 48
houre: at 105°0 in an oven they were waighed and the moisture

cantent of tha bdody ealsulated,

-

The moisture free rate wers pooled into two groups
per diet according %o their weights. 2They were rum through a
damestic mincer thxee tim s and the hmgo}ud ORYCANS Was

estimated for mitrogen khy mmerdkjeldahl method,

Zhe anisrogen ixtake (Y) of each group, their total -
garcass ¥ (B), including the non profein growp (IX amd 2X)

. ak
wors aslnuluted and EPU was arrived by using the formula:
‘ A

U (op) = n-?a-n_, X 100

¥0p Oal% was ealouk ted as follows (NAS/N B8, 1963).

wpoa1® - mufn) ; AL
¢ 100 Cals/g

Vhare N = percentuge of nitrogen in the diet, the caly/g
represcnt the metabolizable enargy of the diet.



Iv. HESUIRS AND DI USSION

The results of this investigation om the evaluatiom
of three low cost riee based vegetadls food mixtures containing
different quantities of protein foods, tuders snd greem leafy
vegetabl ey ie diecussed under the following headingst

A Protein Effielency Ratie
B. Hepotic nitrogen and fa%
€.  Nitrogen balance

and D,  Nes Protein Weilisation

A, Protein Bffielengy Rstio (PER)

The PER of the three differsnt dist mixtures is
discussed undey
A. Pood and protein intske
2. Body welght gaine
ad 3.  Protein Efficiency Ratio

t.  Zood smd provein inveke

The nepan Yotal food and protein intake of the four groups
of animals fad Aifferent Adets 18 given in Tadle IV with tiw
individual vaines tn Appendix XXI.
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Among the four food mixtures, &iet A with i%s lowest
protein eontent was eonsumed {im higher quantities by She animals
im group A and hence the food int:ske was directly related
40 the protein content of the died. Although the food intake
of the basal group (A) was much more than the other groups,
the mean 4otal protein intake of this diet. was more or less
similar $0 that of the other groups, sinoe 4% contained only
T.78+ per cent, proteine 2able IV shows a signifieantly greater
increase in food consumption Wy group A a§ ons per cent level
over the other groups.

Betwest $he three groups, B, & and P there was no
significant differenae im food consumption, which ranged from
19078, far growp € $o0 198,0g. for group P, However when the )
tetal protein emsumption was taken imto secount, group O
stood last and was significantly lowsr than group B, The
other growps 414 not show any significant difference

amongst themselves with regard & protein sonsumption.

2. Body welght gajne

The ma , initial and final weights, of the different

groups of rate are given inm Tabls V with their individual values
in Appendix IXI.

n
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A1l the groups of rate had increased in their body
weighty over & period of 28 days, The me sn final weights of
the animals varied between 73,90 g. %0 80,73 g. among the

four groups,

The highest increass in weight was recorded Ly the
group P (46,72 g) and the lowest by the basal dies growp A
(39.85g), everghough the total food consumption was highest in
group A. ¥The differences in the weight gain between the
groups A and P was significant s§ one per cent level, and those
between A apd By and A and O were significant at five per cemt
level, Oroup D was alse greater than group G at five per eent

level af algnificance. .

When the weight gains were eorrelated with the
food intakes and protein intakes, it i» remaxkable thet although
group A bad a significeantly (P£0.01) higher food intake when
compared with groups B, & and B, the weight gains of rets fed
diet A were significantly lower than that registered Wy rats
fod dicts By 0 and B. This $uelesr indfestion ofjhe wperior
quality of the supplemsnted vegetable protein mixtures., A
significwmtly higher (P2 0,05) protein intske ef growp D over
that of group € might be the somtxibutory faster for the
significantly higher (P<06.01) weight gain expressedhy grow
P over shat of growp C, The better the guality of protein,



and higher ite intakey the greater, the weight gains.

3. _Protein Effioiency Rasio (PER)

The mean PER values obteined for the different diet groups are
presented in Table VI, and the individual values are given in
‘Ppm IIX..
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Among the four groups of animals, the highest
P B R was recopded by the group D (2.11) the protein intake
and the weight gain of ﬂ\xieh ranked first, Groupe B and
G had similar PER values namely 2.04. The ﬂut':m the
lowest PHR walue (1,80). Zhe difference between the PER values of
groups A and D was signifiocant &t one per cent level,
¥ith their negligibdle differences im the shemical secores,
the three experimental diets 4id not show asppreciable

difference in their PER values.

3. Hspatio nitrogen and fat gontents

', Hepic nitrogems

The msan increase ia totel hepaties mitrogen of the
four group® of rats is given in ZTable VII., %The data en
individual rats is presented im Appendix IV.
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The mean total hepatic nitrogen varied between
102,33 mg. 4n group 4 %0 116,01 ng. in growp B st the end
of the growth study. ZThe mean increase in hepatic nitrogen also
followed the same g $%ern. When the four groups wers scompared
fox their mean increase im hepatic mitsrogen, there was no
i gnificant difference between the groups.

Yhen the hepatie nitrogen waspxpressed sa per grmm
hepatte weight, basal dies A M owed $he lowest nitrogen
content, Among the thres ewp srimental groups, al$hough dist D
renked first An PER, 4§ had ths Jeast inorease 4im hepatisd” nitrogen
because it had the » e3¢ hepatic weight gd n. Mut when nitre gen
per gram liver weight was taken into socount, ddet B renked
firet among the four groups with 36.88 mge nitrogen per g.

liver,

The siatistieal analysis revealed that the differences
among the groups in these para meters were not signifieant.
As Henry et al (1953, And 1961) had indicated the bhepstie
R trogen varied linerly with the quality of protein. In
the present astudy also the higher potentials of dist D may be

dus t0 its higher protein gqrality.

2. &n“!c £at
Table YIII gives the mem total hepatic fat as

well as the fat per g. of liver weight £ar the four groups
of rats. The details of $lw individual values are given in

Appendix V.,
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Table VIII reveals an incresse in hepatie fat
eonpent 4in all the groups but the rets fed dAlet A had double
the amount of inorease in fad when gompared to the groups fed
the, test diets. Group B which regimnd)ho highest inorease
in hep tic nitrogen had the lowest amount of fat in the livers
Nel ther the difference in the mean inorease in hepatic fas, nwr
the fat pex gram liver weight showed any signifisant differemce

among the groups.

The fast that group A had a higher fat deposition
(Qcuble that of D) may be due to the fatty infiltraticn of the
liver. Diet A semes 40 be the least effieient cde in this index

also,

¢ Nitrogen halanoce:

The results of the mitrogen balanse study are disoussed
wndexs 1) Nitrogen retemiion, 2) Mologioal Yalue () and
(3) Digessindility Go-efficiems (D.C).

1.  Hitrogen retemtion

The mean ulﬁn al trogen Tetained Wy the rets fed different
Fo1)
axpe rinentul diete is given in Table nj. A The data on individual
rate sre pr esented in Appendix Vi,
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Tabl IX shows shat d1 the snimals im the experinent
had a pdsitive nitrogen balance, Both the food mitrogea
ingested and excre_ted were highest im group Ay and hest tm
group D, Hmnvef, the retemtion percentage shoved that the
animals $n group P retained the highee$ amount of misrogen
ingssted. The Migher retention recorded by group B may be
due to the good quality of the protein ingested. DPiet A
stood mx¥ among the other three groups. This may be attributed
t0 the higher eawumption of nmitrogen by those animals,

How ever the retention in group D was grester than that 4n
group A at five per eent vel. The nitrogen retentiom by
group. D wae higher than that of group B &t five pr et lwgl
and; group O ag cne per cent level.

2, Digestibility Coeffigient aml Riological Value:

Pable X showsihe BV and BC values of the basal end
the test diets and the individual values are givem ia
Appendix VI,
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Among the four food mixtures diet A had the
Righest D G (77.2) snd dtet B had the lowest B € (68.6).
The inersase in BO value of grop A over groups B and ©
were significant &b one per eeni level. 2Ths inoreases of
groups € end D over B were also wignificant &t one per cent

level,

The diet P with it's B0 of 75.T stunds next %0
diet A wind 4t was greater than diet C a% five per cent lavel,

As Zable X reveals, diet P hal the highest
Biological Value {91) shan the other three groups indiesting
i%'s superior quality of protein. Ples B arl 86 and O had §6ond
82 a8 their Biological Value and diet A hed the lowest Blological
Value (79). The Biologioal Valus of Group B was found to be
sigmifioently higher than groups A and C a8 £ive per cen lavel.

The values obtained in %ié study are ia acsordance
with tha ¢ reported by Phansalkar {1960) that the Btological
Value of cereal proteins varies between 80 te 85 per sent,

It 18 noteworthy thas $brovgh $he Digestibility Soefficient

of diet A was the higless, the Biological Value was the lowest.
This my be due %0 the faot that though the digestinility wus
nigh the dmmid;:ﬂmdm.un ray not be a8 good as
the other diets as indteated by 498 lower chemioal scere(6T).

Hence, from the wSildsation point of view, both amino acid
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pattern and digestidlity need consideration. Beaton and

Moxenry (1964) state that variability in digestibility

16,00t & majorc dherminant of the mitri¥ive valus of proteins.

and hence the absence of ooml}ion between the m;.munti Coefrficient
and the Blologicel Value obtakned for various diets.

D, Not Protein Usilisstion (NPU)

Table XI gives the NPU values of the basal as well
as the test diets and the Wp Gal £ as derived from the NFU
values,. The detaids of the earvass nitrogen and protein intake

are given im Appendix VII,
TABIE XX

NPU AND NDp GALORTIES PEECENTAGR (P
PHE DIETS

Diet Py Wp oma $

A 1613 1.7
» 17.07 2.71
¢ 21.89 .44 -
D 26.53 4.2%

L ]

The NPU values of four &lets, ranged from 16.1 (group A)
%0 26.5 (group B). Diet P had the higheet NPU valus fellowing
the &tm sst Wy the other indices discussed ® far. Dies B
hed the NPU of 1747and O had the KPU of 21.9. Pne ¥Dp Gal
offé.m also renked ia the same orden The ¥0p Gal § values
ranged between 4.2 (group D) %0 1.7 (group A ) and 1% elearly



reveals, that among the four food mixtures, diet D had
a vorjr good protein guality and the basal dist had the very

Thus, judged £ 7m all the prameters, diet D ranked
superior on §ts protein qualisy, Diets B and @ ranked next
4m oxder, Diet A was the least effieient. This higher
potency of diet D may be due $0 better pattem of amino aoids

and hance the higher Biological Value.



\ D SEMARY AND GONCIUSICH

This investigation was undertaien $0 evaluate a poor
rice diet as gormonly eonsumed by the rural pecple around Goimbatare
City eamtaining 6.7 g. protein along with three formulated diet
aixtures, supplemented by some eormonly avilabls high pretein
indigencus Lood ENAVHHS, A different gombinations st 10 per eent
protesn el with the rice diet, The diet was evalusted for
their Protein Bffigienay Batio, lepatie nitrogen md fas,
Bologioal Value smnd Net Protein Usilisatiom on albino rats.
The result s of the study revealed the following

1.  The diots on the dasal rice diet (Growp A) had
s significantly greater fool eonsumption over
the other tshree groups, The differences in
food inkske between the groups B, C and P were
Not appreciable, However when the protein intyske
wes accounted, group D stood first, The
difference was significant over group C st om
per cent bvel,

2. A higher increase in weight was recorded by the
group P over tshe groups A and G which were
significant at one and five per oent B vels
rempe otively. Group A ranimd last among the
Lour,

3. Diet A had the lowest FER namely 1,90 and
diets B and C hal a similar PER value, 2,04,
Dies D seemed %0 be the best in PER with a-
value of 2.11 which was signifiesnt over A at
one per cent level,

4. The nitrogen esatent of the liver as expressed
in mg/g. liver waight was more in group D
though the differencea between the four groups
were not statistically signifisant. ZThe basal
diet was the pourest mmong the four in this
parameter,
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Se More acoumulation of fat was noted in the
animls fed diet A, However heps tie fat
corent dd not show sppreciable difference
among the groups.

6. Diet A was found %0 have the highest PC(T7.2)
whieh was significant over the groups B
The inoreases of groups C and D over B
were also sigmificmmt at ons per cent level.

7. Diet D had the highest BY (91) amd diets B,0
and A hed the BV of 86, 85 and 79 respeotively.
The W of the group ¥ was found to be
signifioant }y higher than groups A and C &g
five per cent level.

8. Just like all thw other indices NPU was highest
for the diet D (26.5)« The groups O, B and A
ranked next to the diet P with the NPU values
the NDp oa]i which were arrived from the EPU
also followed the same oxder of Np’?ioruy.

It can be eoncluded that the formulated vegetabls

profd.n mixtures were definitely superior to the peor rice diet,

Among the three food mixtures evaluated, diet D
@008 bert in the most of the parameters nmu‘:ﬁ‘im
0 rarked next %o diet B, It is remarkable that the main difference
4n the somposisien of the diet D from B and C lies in the
inclusion of amaranthus 4m the diet D at 5.5 per cent Mvel. 8o
an additional inolusion of amaranthus 40 the existing rural diet
wiigh m*kow 8ot green B afy vegetables at three per cent
level will improve the quality of the diets %0 a vary great
exteut, spart from suplementing the diets with pulses and
other protein rioh scuxees,
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APPREDIX F »~= A

Composition of Mineral Mixtyre

USP XVII salt Mixture

Grind in & motar portion of Naed - 139.3,with
KX w079 go BSimilarly grind together remainder of the Nacl
with 389.0 g. KH POy § 57.3 g . Mg 8504 7TH2 0 3814 g Ca 0603
27.0.g5 . Po 804 TH2 O 4.01g Mn B0y H2 O 3 9,548 g 20 804
TH2 03 0.477 g Ou 804 SH2 0 and 0,023 g Co C12 682 @ adding
finally the Nacl K I »ixture. BReduce the entire mixture $0
& fine powder, . , °
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APPENDIX I-B

COMPOSITION QF VITAMIN NIXTURE

1. Prepare Vitaminised starch 1 g ef eorn starech te contain,

Vis Kk (menadionse) - 0.8 ng
Thiamine o 0.5 ng
Riboflavin o 1.0 ng
Pyridoxine - Ovd g
Caleium pantothenate == 4,0 mg
Niscin o 4.0 mg
Choline ‘ - 200 g
PASA - 10 g
Vit 312 - 2 ng .
Folie acid - O mg
Biotin - 0.8 mg
Inositol -e 25 mg

2. Prepare Vitaminised oil - :h?of refined groundnut
oll to contain the fellowing vitaminse

Vitamin A - 1000 IV
Vitamin D . 100 Iu
Vitamin B o= 10 Iu

Store vitaminised eil in deep freecse.
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APPENDIX II

ANALY313 OF FOODSTUFF3 FOR PROTEIN

Erinciple:

The protein content of a foodstuff 1s obtained
by estimating the nitrogen content of the material and
multiplying it by 6.256, ihis 1s referred to as crude
protein content since the non protein nitrogen present
in the material is not taken into consideriation., True
protein nhtrogen can be determined by subtracting
NPN (which is estimated by precipitating the protein in
the sample with trichloro acetie acid, tungstic acid
or copper hydroxide and determining the residual nitrogen
in the protein free filtrate) from the total nitrogen.

. The estimation of nitrogen is done bY kjeldahl
method which dependis upon the fact that organic nitrogen
vhen digested with sulphuriec acid in the presence of a
catalyst (selenium oxide, mercury or copper sulphate)
is converted into ammonium sulphsge . Ammonia liberated by -
making the solution alkaline is distilled into a known
volume of a standard as¢fd vhich is then back titrated,
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l. Concentrated Sulphuric acid - AR,
2., Digestion mixture - 98 parts K, 304
2 parts CuSo4
3. 40% NaoH
4, N/10 Hg S04 & K/10 NaoH

5, Methyl red indicators - 0,1. g of the indicator
dissolved in 69 cc alcohol and water added to 100 cc

grocedurae:

The sample (0.5-2.0j)is welghed into a dry
kjeldahl flask. About &6 g of digestion mixture and 20 ml
of pure concentrated Hz So4 are added to the sample and

the mixture dijgested for 4-5 hours, Glass heads are
added to prevent bumping. After the contents of the flask
become clear, the digestion is continued for at least one
more hour. The contents of the kjeldahl flask are cooled,
diluted with distilled water and t.e mixture made alkaline
by adding excess of 40+ NaoH. in the .presence of litmus
paper. A amall quantity of pumice powder is added to
prevent bumping during distillation. The ammonia liberated
is distilled into a receiver containing 25 ml of N/10

Hp 304. The excess of acid in the receiver is back titrated

egainst N/10 RaoH using 3 drops of methyl red indiecator.



Calcul tion:

If 'a' g of the sample are $sken anid £f *B' and
Ye! nul of alkall of normality *4' are required for back
titration and to neutraliss 25 ml of N/10 I: K80, respectively
than the protein oontent in g per 100 g of sample 'u oqual

e (oc-%) E 144 x 6,235 x 100

a x 1000

~*



Diet Rat Pinal

APPREDIX IIX

PROTEIN INTAKE
WEIGHRE GMISAAI‘D PER (F R/A®S PED DIPFERENT DIRTS

Initial Increase Total Protein PER

No. ©No, weight weight food intake
intake
(8) (g) (s) (g) (s)

A, 1 78.2 38,2 40,0 22,3 22.3 1.78
2 77.0 370 40,0 ZT7.9 21,4 1.87

3. T6.5 37.0 39.5 218.5 21,4 1.85

4 T3.9 3563 38,6 277,86 21.4 1.80

5  T47 37.2 70.5 302,2 23,3 1.74

6 76,0 33.7 39.2 295.,0 22.7 1.86

T T2.7 33.5 39.2 2T2.,0 20,9 1.88

8 T3.5% 52.1 40,9 289.7 22,3 1.83

9 (7] 3140 38.0 286,73 22,0 1.T3

10 67.5 28,0 395 3033 23,4 1.69
Moan ”09? 34.05 39.8% 207.4 22,1 1.80,
B. 1 80,2 58.3 41.9 199.6 22,2 1.89
2 87.0 37.0 50.0 2036 22,6 2,26

3 76.7 36.3 70.4 188.4 20.9 1.93

4 80.9 35.4 45.5 200.5 22,3 2,04

5 T53 34,8 40,5 178.6 19.8 2,08

6 8347 34.1 49,6 205,86 2.6 2,19

T 78.6 33.0 45.6 195.0 21,7 2,10

8 66.7 52,8 33.9 169.2 18,8 1,80

9 3.7 30.5 43.2 187.6 20,8 2,08

10 T1.8 28,2 43,6 1835.5 20,4 2.14

Mean TTo46  34.04  43.42 198,00 1%3.21 2.045
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Diet Rat PFinal Inital Increase Total Protein PER
Fo. Ko. weight weight food Intame
intake

(8) (g) (e) (&) (g)

¢ T 83.5 38,20 45.3 204,5 22,5 2.01

2 833 37.7 45,6 191.5% 21.1 2.16

5 7T9.2 56.6 42,6 199.0 i21.9Q 1.95

4 T7T5.2 35,3 39.9 183.6 20,2 1.98

5 T2.2 34¢4 37.8 180.5 19.9 1,90

6 80,5 3%.7 46.8 195.9 21.6 2,17

T 76.0 334 42,6 189.6 20,9 2,04

8 71.8 32.9 38.9 176.6 19.4 2,05

9 T1.8 30.0 41,8 1861 20,4 2,05

10 73.7 27 .4 46.3 199.6 22,0 2.10

Mean 16.” ,5096 42076 1 90.7 20099 2,04
D 1 83.6 3849 4.7 198.4 22,2 2,01

2 35.‘ ”.‘ ‘708 200.6 22.5 2.12

3 84,8 36.3 48.5 206,5 3.1 2.10

4 7T8.5 35.0 43.5 201.8 22.6 1.92

5 T9.1 34.7 44.4 201.4 22,6 1.97

6 T8.1 33.7 44.4 192.0 2.5 2,07

7 80.5 5505 4700 202“3 2207 2.0'

8 T6.5 31.5% 45.0 182,0 20.4 2.21

g 80,3 5.6 50.7 203.8 22,8 2.22

10 80,3 29,1 51.2 190.5 21,5 2.40

Mean 80,73 34.01 46,72 198.8 22.17 2.11




APPERDIX IV
HEEPIC NITHOGRN OF BATS FED DIFFREEN? DIRTS

ZHRNE S RANES

Mean Hypatic Mean toted N per
Diet weight of hepatio attrogen & liver
ooled 8 of pooled groups ”
A Wt S '$
3.1154 97.6990 31.364
e 2.8148 90,6368 32,198
¥oan 5.0634 102.33%2 3%.321
B 8 3.1639 117.8236 37.238
b 3.,7083 1%51.6072 25.862
o 2,640% 98 3248 3T.244
Mean J.1708 116.0052 36,681
a a 3.11“ 1‘1.62& ’,om *
b 2.9034 110,8090 38.078
Mean %0350 111.2148 36673
D a 5.1940 117.1560 3‘1680
2,80%1 100,3914 35.841
(] 2:938) 111.8904 38,083

¥een 2,9778 109.8126 36.068

o



APTENDIX V..

HEPATIC PAT CONTENT (F RATS FED DIFFERSNT DIETS

Diet Mean hepatio Ya& par 5gn. Nean Fas per
waight ot Total fat gu. liver
pooled groups ot pooled

£ g groups
-3

Initial a. 1.5045 0.0289 «0870 0,0578

1. 0.0289 «0870 0.0578

Mean 0.0289 .087 0 0.0578

A e 3.2600 0.0521 0403397  0.1042

0. 0734 0004786 0.1468

b, 3.1154 0.0796 0.4960 0.1592

0.08%3 0. 5078 0.1630

¢. a.8148 0.0497 0, 2798 0.0994

040491 0.2764 0.0982

Meezn 3.0634 0-0b42 0eJ3964 0,1285

| % 35,1639 C. 03865 0.310 0.0730

0.0313 0,1981 0.0626

¥  3.T7083 0.0330 0, 2447 0.0660

0,303 0.2262 0,0610

e, 2,6403% 0,0502 0.159% 0.0604

0.0343 0. 1811 0.0686

Mean 3.1708 00326 0,2068 0, 0653

e a S.1144 0.0439 0, 2685 08662

b 2,9099 Q40406 002363 0.0812

0.041% 0.241% 0.0818

a. 3.0807 0.0355 0, 2187 0.0710

0.0354 0. 2181 00,0708

Rean 3.0350 0.03’]? C.2413 0.0795

D e J.1940 0.0390 0.2491 00,0780
0, 0367 0.2344 0.,0734 .

b 2,8011 0,0571 0, 2078 0.0742

0.0566 0.2050 00732

1% 2.9333 [+ 03” 0. ‘m °. 061‘
0.0366 0,2151 0.07132 -

Waan 2.977¢ 00366 0.2182 0.0732
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