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CHAPTER I

INTRODUCTION

 ‘ Malnutrition is a major;contributing factor:to:the high—morﬁality
and morbidity in early childhood-in developing.cquntries. Ihe'predém-
inant‘fOrm which malnutriﬁion-fakés undér‘thesé:cifcumétan;es is- what
is now commonly called pfotein-calorieymalnutrifidﬁ;v This:is the moét |
seﬁious andvﬁidé‘spread'nutritiongl disorder known to medicaliand nutri-
'_tionél sciehce 45). In'éqmmon with‘oth¢r déve1opiﬁg'nationsqu-thé 
'worldgkthezéhilaren'ofHPékisténisufferééﬁémlﬁrﬁteiﬁgcalofié.malnutrition
which causés a wasting awg?aoffthg;yitality'of thevpeop1e of this na~ 7
vfion 2. | o R | ‘

It has beeﬁ calculéted that a miﬁimﬁm of 63.5 grams of;pfétein
should_be'theVintake ofapréteinsper»adult-peréon“aﬁd 1{5 gfamé,per kilo~
gram for childrén per day;' According-to»£he nutritibn surve&vin East

 Pakiétan’(49) the present intéke is'57,5 gramsfwithout conéi&ering the
ﬁwaste factor" iﬁ-the household which may be about 10 to.15 pefcenf,

: Mbét of the protein'that'the"people consume‘is;cereél.protein and théré;
fore is Qf’lqw biological value, THé contributioﬁlof:a_higﬂbquéliﬁy‘
‘proteiﬁ froﬁ an animal sbu%Ce'is meager; The intake iS'below.thé:minA
“imum alldwance;in:60vpércenf of the houSeholds‘in”East‘Pakisﬁan,> Thié
undexnutrition éspéc#ally affecfs the‘vﬁiﬁer#blé groups of the popula-
tidﬁ,ﬁnamely,;he}pre~$chool.children andsfhe.éxpedtant andhngrﬁing

mothefs:(49).“"



N

‘ aAccordinglto the 1960 censushthefe are 9.26 milliohvchildren under
fivé yegrS‘cf age_in_East Paklstah¢ VThe'vastrhajority of chilc deaﬁhs
-_afe due tc'infectious.diseaaee which-phecipitace fetal”proteih malnu-
Lcritich infchildreh where“proteinvnutritiohal stacus ishalready precar~
ious, for those who survive this malnutrition.thefe;is permanent re-
3cafdaticn.ofhmental and.physical growth (2).

The effect of protein- calorle malnutrltlon, wh1ch certalnly af-
fllCtS over 80 percent of the rural populatlon of Paklstan, is farf-

. reaching'inkconsequencesq Tt limitsvthe'potential'capability of the
-child to mature so ‘that he can contfihute to the society he'llves ih (3).
va.'M.\S Swaminathan, lDirector.cf Indian'Agricultural Reseafch
Instltute, New Delhl, has stated: that, ''If the- challenge of malnutrltlon
and proteln hunger is not tackled 1mmed1ately, India may have to face a
large-scale_lntellectual dwarflng in the~next”twcudecades (33,1x). The

bsamehaituation is tfue for;fakiStah.n |

The*poverty of the;Paklstani diet'inlprotein is-ebhicus from the
fact?chat the bulk of their fcod is-cereal théh is a;pocr source of
-proteinjqualitatively andMQuantitatiVely.. Protein'containing foods of
animal-ofigln,ﬁsuch as milk, meat,hcheese and eggs are‘often beyond the -
’econqmiewpeachaof.;he_segment of -the population needing them most (3);

.Ignqﬁancefis:che»allylof;hunger;~xTcgether»with poverty, which it
ofteh;accompahiea,ﬁic;ie{baaically responeible for ﬁirtaally.every case
ofvmalnutrltiohlv‘ln;eoun;ries.whefe.food‘supplies;are lnadequate, ex-
-istlng'rescurcee{afe:gene?ally_hadly;utilized,ilPakistah,proauces'vari—
'»eties cf legumes, cereaISQand-seeds‘which;are=cheap sources of protein
withhaewidelvariety of:amlno aclds._ Howevef,gpeople fall:tO'satiSfy

their protein needs from-theselsources'because'they do.not know how to



l,choose a mlature:whlch has hlghvhlologlcallvalue.

‘ The authorvlntends to formulate vegetable protern‘nlxtures using.
-.?some.of the typxcal legumes and seeds avallable in Paklstan and fortlfy
””them w1th;anhan1mal.prote1n, The d1ets will be planned to 1nclude the
':essentlal am1no a01ds in suff1c1ent amounts to ma1nta1n health and
»ﬂgrowth'of:whlte,rats. It is belleved that weanllng male rats fed these.
-q.mlxtures for four to slx weeks of . t1me will permlt the demonstratlon of

.thelr'growth-and ma1ntenance qualltles.
Assiimpt iotis

l; ﬁo:singledvegetahle’protein:has;all:the essentlal-anino acidshneeded
'~to\§romotefgrowth_and maintain hody structure, | -
2;';All*dietarydessentialsgforithegrat_canﬁbe obtained.in.sufficient
»vanount;fromfapnlxtureaor &éggpagiéfpféééiﬁ}f |
'f3rn”lnadequatEfproteln;qualityiand uuantlty‘causes‘fallure:in_proper
'igrthhiideVelopmentfandﬁfeproductioh:d' | _\b R
vQJ;?FLSh or. f1sh prote1n concentrate is known to be ‘a. source of complete
_;proteln whlch w111 support growth | | |
5; :lt is poss1ble ‘to use a comblnatlon of anlmal and wegetable pro-:'
3*ﬁteinsasohthat;thej»compliment each“other in relation to aminoiacid' '
contents ' S
xﬂso; r&egetahlepproteinshare;widely awallable,and less_expenslve than;f;

. animal proteins in Pakistan, -
. Hypotligses

dThisistudy“isnconcernedpwith thegtesting‘of the.folloWing hypOth-" ‘

eses:




_Combination of fish protein concentrate and legumes can be made in

'vproportions~that will support ‘life and optimﬁm'growth of white rats,

A combination of legumes'and.seeds.gan-béycompounded which will
contain a balanced - essential amino acid content that will support

life and optimum growth of white rats,

(

. -Sufficient éalories-to spare the protein can be obtained per day

by the addition of vegetable oil to the diet of the rats,



'CHAPTER II
REVIEW OF LITERATURE
Protein and Amino Acids

Médern:invéétigatiqné‘haQe ré?ealed thaﬁ protéiﬁs‘are compoéed,of
atbleast‘tWénty—two émind aéids. During‘the-process ofbdigestioﬁ the
aminO’acidsvafe liberated, and pass ﬁnchanged into thé poftal circula-
tion;  They are distributed throughout‘the’organisﬁ, and serve as the
SUBstfétes'ﬁgr Ehe fotmatiqﬁ Of many:dhaf$gLer;stic tiséué proteins.
bthef ﬁoh-ﬁ%cteiﬁiﬁitrdgehbué.cémpoﬁehts‘of thélééilé are alsé forﬁéd
from ﬁhisvamino acid..:ThuS thegam;no acidslogéupy:a unique position in
nﬁtriﬁion (60), | |

‘Amino acids that the bodyICannbt synthésize in adequate amounts
are célled essential or in@ispeﬁsable’beééuse\they ﬁust‘be suppiied by
the diet in proper proportibns and amouﬁts ﬁo meet the requifeﬁénts‘fort
mainteﬁéncé.and growth éf.tissﬁé. Non;essential or dispensable amino
écids are those the body. can synthesize in sufficient améunts to meet
its needs if thebtotal amount of nitrogen supplieqvby‘protéin is ade-
quaté. 'Varioué aminovacidélwhichbére conéidered as esséﬁtial.or non-

essential (47, P. 37) are as follows: -



Essentiaif ; o - "Non-Essential
Isoleucine ‘t' ' “u; i‘ Alanine vi |
!Leucine o ‘ :bs vfh’ Asparagine
‘iLYSine o h,v.,(y 'dhdv‘jhshartic.acid
Methionine“ h.h-"? i.Cysteine
}Phenylalaninebr".‘; ' o Cystine"
Threonine = i fﬁ”,vf :Kélutamicfacid
Valiné .; o .1_u Glutaminevf
' uArginine*v R L o ‘GlYCine
:Histidine¢ 'l; . h ‘ Hydroggoseiproiine
o Proline
Serine‘ .
A:ﬁ:iyrosrne'

Accordlng to Rose elght amlno ac1ds -are essent1a1 for ma1ntenance
of nltrogen.equillbrlum in man, The food eaten must conta1n these
amino ac1ds because they cannot be manufactured in the- body rapldly

enough to supply ‘the need for them (61)
Quaiityroijrotein

.Ihe’effects of protein»onkthe maintenance andvgrowth.of animals
are determined by the amounts of each of the eight to ten essential
amlno ac1ds whlch are present in the spec1f1c proteln eaten Osborne

and Mendel 1n thelr ploneer work with rats showed that 1nd1v1dual

Arglnlne can be synthes1zed by anlmal organisms. But the rate of"
synthesis is limited. ‘A dietary supply may be necessary for maximum .
growth, tHistidine is requlred for growth but is not needed for main-
tenance by -the adult human



 propein§ diffef:in'theig/abilitybto mgintaih life5éndusupp9rt‘the
'growth'of aﬁimals, Caséiﬁ{ When?fed'ét'ailévéi of:eight perégntmof the
-totél‘célofies,:b§;ﬁgmaintaineds1ife.and-supportedbgrowth‘and hence. was
claééified;as7a'comp1ete'pfotein. Gliédin, §ince'it'maintainednlife:
‘but did not support gfowth?iﬁés’called a~partiélly-incomplete protein.
incdmplete;proteins suéh:as;zein néithef‘ﬁaintaineﬁ’life«nor'supportéd
gquth (47). |

The ‘requirement for protein is jinfluenced by its‘qua1ity, which-is
largelyidétermined by;the‘aminOracias-it contains. Two factors have to-
beidiétinguished; namelygthe'préﬁo;inthf essential’to‘non-eésential
aminoJAcids aﬁd secondly;the:relative-émounts 6f theveSSEntial_émino
acid55 .Amino acids have.maﬁyfcompiex§intér;glatiopshipé; -They: share
'certaih;métaboiid'pathways[énd éompé£é€%ith'one anbthéf for’tfan3§drt.
.An unbalanced'patte:n may have;apjadverse~effegt on‘putrition,evenrif
the-qﬁantity.of eséehtiai.éﬁino écidé is~sﬁfficient forfé normal

indiviaual (53),
.. Protein Réqgiremen;

rMény*féctors;havg-an effect'én‘the'pyotein requirement of an.indiw
V;Vidual; ‘ﬁbdy'size, the quality of}ptotéin fed;vtheradeQuacy of caléric,
- intake, the5preyiouSsstaﬁe'of nu;rition,‘thelefficiency-éf digestion
énd the}sPecialxphysiplbgiélneeq sucﬁ'éé during'growth,‘pregnéngy, or
‘reCOveryfffom~illness are éome factors;whichidetermine‘the-protein
 reqﬁitem§nt’ofraﬁ indiﬁiduéi.-,

The'protéin‘requirement:dufing ﬁhe~wh61e life span is nbt the
sameq‘ Given‘bélow afe‘the‘kécomméndéd DailyaDietary:Aliowanees fbr

protein‘for:a standard man and woman in the United States of America



(18, index).

1>Age and Sex .‘Weight‘(kg)  v.Height (cm) ; PfOtein (gﬁ),

'ﬁ’f{:;ﬁMalef.
S 18-22

22-35

. 35-55

55-75 .
Female:t‘h
18-22
22-35

35-55
255-75>_

o

70
70

'.A 70

58

58

58

175
175

173 .
171

163
163
160

157

60
65

| 65
65

55

55

535

55

- The Recommeﬁded‘Dietéfy Allbwanées of protein for adults in the

Unitédetates of;America;has been 0.9 gm of protein per kilogram-pef

day.

. The Committeé'on-AminozAdfds for Food
lFAOfCOmmitteevof Propein-Requirementé-(54)
o need“for édqlts‘tb be'betﬁéeﬁ 0;3'éﬁd 0.35

when the diet contained protein of maximal

and\NutritiqﬁjBoard and the

established the minimumi

gramé per'kildgramiper day\

nutritive value.

. During pregnancy and lactation the protein allowance for the woman -

shpu1d be'increased4by ZQ_gfams and 40 gfamsnoﬁérvthébbasic‘level re- f’

: »sPectiQely (57). vGiven*bélbw“a;e.the amounts of pfotein recommended

‘. duriﬁg:pregnancy’andv1aCtétion (18, index). .

Age of‘Woman '

"?regnaﬁCy° '

,‘5iactation B

B - R

L Weight'(kg) 'Height (cm) ’Pfoﬁein (gm)i?'

65

5

The greétést amount.dfbprotéin per unit of body weight is needed : o

'-duriﬁg.éhiidhood; - Between the ages of one and.lZ'yearé thefa1l0wancés: i



graduaily;decreaset‘fromaaBout 2 grams to 1tl'grams;perlkilogram body’
lwéighﬁ“‘“ | | o - |

) The Recommended bally Dietary Allowances for'proteln set by the
vFood and Nutrition Board (18, 1ndex) for 1nfants and chlldren of the
vUnlted States is as follows |

.Age and Sex Weight (kg) d‘Height (cm) | ‘ Protein (gm)

Infant (Up to c 9 -+ ... . .. . Kilogram X 1.8
1 year) ’ S . ’ v
 1-2 years . - . 12 81 o 25
| 2-3. years _ 14 :» 91 » - 25
13-4 years. = _"_-16"f A..v. ‘1lbO,v .30
. 4-6 years 19 ' E llO . " 'H/ 30
. 6-8 years 23 . 121 35
"8 10 years S 28 e 131 o 40
10-12 35 w045
Y B T L Lo1sL 50
14-18 ©  se 1700 60
Female: - o - S o o
lo-12 35 12 50
12-14 4 1650
14-16 52 157 550
16-18 o se 10 55

" The Prote1n Commlttee of Paklstan has recommended 62.2 grams of
proteln as-average dally'per capita.allowance,of proteln for normal
individuals (54; p. 38).

"'Factors Affecting Protein Utilization"

Non—proteln calories play ‘a part in: the establlshment of the nutri- =~
tional:status. Swanson (71) found that the total energy balance and
- the nitrogen»balance are>1nterwoven.~ An 1ncrease 1n.the3prote1n supply-

_to the undernouriShed will not be effective if the energy controlvof



RET I

i rthe'dietbisfrestrleted:. The 1nfluence‘of calor1e 1ntake -on prote1n
«metahol1sm can be‘observed byvthe rap1d develepment ofnnegat1ve nltroeﬁﬂ’
' genﬂbalaneefwhen:the energy-contentbqffthe diet isvbelowerequirement,
vldThéfibwé; the’intake of prqtein“andaealOrles, the,greaterlis the’needzl
fer:ineluding.high_quasityvprdteinilnaéaehdmeal:iflnltreéen‘is.to'be_
©well utilized (10) | | |
‘The time factor influences nitrogen u‘tiliz.ation‘.’i. Distribution of
."faalﬁg*;éiésf;moﬁg the dailpfneals”ls*aifactorvto.Consider“invmeeting
*a§£otei5khééas; In.bulldlng-body protelns, whether for growth‘or re-
placement the body uses all of- the essentlal amino ac1ds plus the nen- o
essentlalones“ Allkthe'essential.amine aeids should'be aVailable'
:lSlmnltaneously for the body to ut1l1ze them fully (64) | |
| Ge1ger (19) showed that in laboratory anlmals both malntenance and-
gro&th requlre that all of the‘essent1al and non essentlal amino ac1ds-
.1be present slmultaneously‘as well as in adequate.anounts> |
- Mlnerals and Vltamlns wh1ch arebneeded for normal growth and netah-vp.
’ ollsm can affect’protein utilizatiOn; ;It is'thought thatipotaSSlum‘is'.

"necessary for effect1ve ut111zat1on of am1no ac1ds - ‘Enough niacin ‘and

vvﬁph05phorous 1s also needed (53)

Amino Acid Imbalande-

lAﬁind?aelddlnbalanceilsfthe:ternicoﬁmbnly dsed.topdesiénate a :d'g

j27;lrélatl§efdefielency,oftan;essential;aminepacidlresnltlngdfroﬁian.gieeésif"
'Vlafsbné-of*n&ré?aminb aeids inhthe'medluﬁ; When’the>ekcess’isdla£géd?nd

’the dlsturbance 1s.severe it 1s called aﬁ1no acld tox1c1ty (63)7

- Harper (29, p 405) descrlbes.an am1no‘ae1d 1mbalance as any?;

fchangeflnﬁthe proportlon‘of amrno acrds_1n;a.d1et that'resultsaln[an‘
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adverse effect which can be prevented by supplementing the diet with a
relatively small amdunt of the most limiting amino acid or ‘acids. In a
series of experiments using growth of rats as a criterion of amino acid
imbalanceHarperk29) fdund that the magnitude‘of growth depression was
‘influenced by the level and kind of protein in the original diet as well
as the lack of specific émino acids. He stated. that it is not known at
what degree of imbalance it becomes’impossible to satisfy requirements
of an animal by increagsing the level of protein in the diet, that is,
the stage at which amino acid supplementation become mandatory,
The possible effects of‘amino écid imbalance must be taken into
agcount in any evaluatioh of essential amino acid patterns of foods and
in planning supplementation.
‘The condition térmed‘"amino acid imbalance" can be created by small
suppléments of individual amino acid;v Rats fed the imbalanced diéts
grow less rapidly than‘those:féd thé control diets (58, 59). To prevent
the retardation of growth the concentration of limiting amino acid in
the imbalanced diet must Be incfeased. This suggests that a mixture of
amino acids causiﬁg'an imbalance_reduces the efficiency of utilization
%of growth-limiting amino acids.

| When the imbalancedvdiét is fed to the animal the sevérity of
adverse effect on food intake and growth increased with increasing
concentrafion of imbalancing amino acid'ﬁixtures added to the diets
(28).

A study’wés:undertakeh,in.an effort to determine more precisely
the influence of the severity of an amino acid‘imﬁalanced diet and the
importance of the quantity of the 1imiting amino acid on the choice of

the rats for or against the imbalanced diets. When rats were allowed
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to»choose betwéén-aﬁ imBélanced diet and a pfotein-freevdiet,rthefg
seiectéd,thé iatteralﬁost éx?lﬁsive1y (27).,' ’ |

On the oﬁhef hand human-Beingsvéannot'select a balanced'mixtufe.

Six healfhyryoqng men- were. given a choice betwéen balanced and deficient‘
amind acid mixtures containing seven grams of nitrogéh per day with»a
formula dietbadequate'in;all Qtﬁer-ﬁutriénts to see if they would sglect'
‘thé balanced diet. The résult of fﬁe,study revealed that humén subjects
showed no evidence of being able to choo§é a properly balanéed amino
acid mixtufe. The selection waé madé by appearance, taéte, and smell of
the food'(9). o '

The enViroﬁment had soﬁe_afféet on the-aécebtaﬁce of an imbalanced
.‘diet;by the:rats{-»Experiments;showéd,thatiadaptation of‘rats_to imbal-
anced;&ieES'Wasrmore fépid«in cbl& eﬁ&ifonméhté’than at ;6omvteﬁ§era-
ture. Weight géin_of.the'apimals fedzthebimbalanced diét in the cold

were higher than the animals fed_this diet in a warmer environment (26).
Effect of Heat. on Protiens

- \;LWhenffood products are heated,btheir proteins éfe known to undergo
.c;rtaiﬁvcﬁanges iﬁ nutfiti&e valueh‘vThevdigéétibility may be impfdved
ér depressed and the Biological valué may be éiﬁilarly changedQ Thév
"resuit_ofvfeeding>experiﬁents with rats showé that the nutritive value
of cereal proteins may'be‘greafly impéired by the épplicétion of heat
with'no demonstrafed alterétion in their content 6f tﬁe essential aﬁino
acids (6). |

‘The improVément,ih'the,digeStibilify‘and biologicél Valﬁé‘of‘bv

'certain'leguméwproteiné by “heat is a ' striking phendménon.
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Several inVestigators have found that heat in the preparation of
certain foods does alter the nutritive value of the protein., When
casein, meat, liver, kidney, cereals, and fish meal are heated to high
temperatures, there is a definite decrease in their nutritional value.
This is not so with the ﬁsoybean. There is much evidence that there is
definite improvement in grdwth of animals when they are changed from a
raw soybean diet to a heat-treated soybean diet (30).

Optimal heat processing such as steaming or mild-autoclaving has
increased the availability of the amino acids, methionine and cystine
(16).

The'poorvnutritive value of raw legumes are well known to nutri-
tionists and has been attributed, at least in part, to the presence of
trypsih inhibitors and a deficiency'of Sulfur-cdntaining amino acids
(41).

~In one study the availability of cystine in the presence of trypsin
inhibitors was studied by using both heated and unheated trypsin inhib-
itor (72). Feeding experimenﬁs with chicks sHOWed that the availability
of cystine increased in the heated trypsin inhibitof mixture. .The mix-

ture was heated at 120 degrees for two hours (72, p. 35).
Protein Calorie Malnutrition

Thé term ''protein~calorie malnutrition" has been proposed, and is
now widely used, to specify the childhood nutritional disorders that
primarily involve protein and calories (50), Workers engaged in the
study -of protein-calorie mglnutrition all the world over have now agreed
that two distinct clinical forms of prétein~calorie malnutritien, namely

marasmus and kwashiorkor can be recognized. It has been generally
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assumed on the basls of experlmental stud1es that. kwashlorkor 1s the end
'3;resu1t of a. SLtuatlon whereln the diet is- adequate 1n calorles and,poor

~in prote1nsa whlle marasmus.’ 1s brought about by d1ets that ‘are. 1nade--

ru quate 1n calorles (22 70)

| “In” broad terms, four pr1nc1pa1 cllnlcal syndromes have been des~
scribed-for‘proteinfcalorie:malnutrition: kwashlorkor rncomplete or
miid‘kmashrorkor,'nutritionaljmarasmus,.and‘nutritionalbdmarfing.rv
BecauSe‘a-eombinationbof:ciinieai.features:are common , thetterm.marasmic
‘kwashiorkor‘iS»often appropriate‘(AS). | |
’ Thebcllnlcal plcture of proteln calor1e malnutrltlon is character-u
.ized by edema, lesions of:thevSkin,'hair'changes, apathy, enlarged
.fatty 11ver vand‘low serium:protetn; There'mayfalso\bekmanifestations
’of varlous v1tam1n deflclen01es (57 76);
Injone-study;theiplasmabaminolaeid-patterns.of.children with kwash-
:1orkor or marasmus were - studled u31ng un1d1men31ona1 paper chromatog-
“raphy (56) The-amino_nitrogen in the-plasma-of kwashdorkor chlldren
”was found to be low and after treatment increased 31gn1flcant1y In
o marasmus the’ 1evels were h1gher than in kwashlorkor and d1d not change
v;signifieantly after'treatment, ‘The'proportion of’plasma_essentlal amino
facidsmmasfiow'infkwashiorkoriand:there'was;no~increase'after treatment.
‘In'marasmus therehwas consistent increase in the-proportion'of.essential
'.’aminobacrds on treatment. o
‘fIntakedofhproteinfbeiomdthe;recommended allowanCe-rsvfoundhin»many
”‘;paftsiofﬁthequflq;v Proteinfmalnutrition is”thegmoSt>Wid§spread;.serié'
ousiﬁutrrttonai‘problemfinothe»underdeveloped,areas}opartrculariyiseri_

'ousdin,its*effect_on‘infant°and ehiidrenj(38)!
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‘Avrecent survey of‘East Paklstan showed that proteln malnutrltlon
'ls the most w1de spread nutrltlonal problem in terms of prevalence and
teffectsﬂontthetpopulation’(49);h“Studiesron:the;albunin concentrations
’of;bloodiplasna;lwhich-reflectfthelnutritionalbstatus_in}respect”tof
l:;proteinffntakeg:revealed that:lowzconcentrations areaobserved in“alﬁost
'half=offthe :ural ;nd one-thirdloffthe(urban population.(Sé).“As
'deficlencieS'arefalnost alwaySfassoclated.with other maladies,'their
v,lll effect on health ‘are’ var1ed and serlous, 1nc1ud1ng.1mpa1red growth
-'subnormal eglstence-and‘death Nearly 26 percent of all 11ve born
'”children die‘before'their,fifth birthday; Of such ch11dren, 17 percentv
yd1e w1th1n the f1rst year and 9 percent between ‘one and four years of
'ag . Even those chlldren who survive fall to grow in a normal way ﬁ
'jphys1cally or mentally The overall.effectbof protelnbdef1c1enc1es
along w1th those of other‘food factors,:ultlmately glve rise to- several

’ nutrltlonal d1sorders llke anemla, g01ter rlckets, and ber1 ber1'

f’manlfested c11n1cally through syndromes of v181ble les1ons
New Soiirées 6f Food Proteiii

Prov1d1ng adequate food to thefever 1ncreas1ng populatlon ofithe
kb;world is a great problem of the day : Nutr1t10n1sts always try to-. make
f'the best use of the avallable food stuffs Constant search,for'a
bette;-usetof dlfferent,foods‘led them»to develop.someAnewbSources.of
Cprotein. | |
HQProteinﬁfoods_nay.belplant;or;animal in:origin; ’Sincevanimal‘pro;“
o tein:originatesbthroughlthe'conyersfon of plants, ’plantfprotein must bé,"
vcon31dered to be of prlmary 1mportance Measures almed at)1ncreas1ng

the supply and utlllzatlon of plant proteln w1ll ultlmately benef1t the



 hqmén;p§pu1étioﬁ;ofmtﬁe¢worldwv The'primary;plént.prptein{sdﬁrces:availé
';ahle>for:feedingECOhsist,ofwseedg,nlggves and.f#bers:'gSeéds, in;geﬁ-‘
aefal,.ébntain;rélétivély:large;amauﬁ£s of'protein‘and cénétitute:ﬁhe
- -most impOrﬁantwkind of prdte;n fopd for;man and for-noﬁ-rum@naﬁt iive-
stock (77).
.Thé'moréjexacting-requirements of man -and noﬁ#ruminant farm animals
with'réspeét:tO'prétein led tO‘the‘idea“that individual feedptuffs ‘may,
“be fraétiénated_in‘some-way. fTheseiffactions provide- products of
superiorrqualitj fOr'classés of ﬁeople—requiring-themtand leave a
'residue:which;is‘suitable'for'ruminantbféeding. Food'which contains
: mixedvprotein can be~treated>chémiééily_to éeparate'high~§uality:prou
‘teins fr9m~p§orer_ones._ Separaﬁiop,‘accomplishéd easily by ﬁeans of
exfréctioﬁ=wi?h>a§erusVéaltiéolﬁt10ﬁ€ ;e?v¢; a re$idué1deficieht-in
émiﬁo=acids but suitable for'ruminant;féeding K77).
v.Fish‘can contribute léréély to tﬁé~ﬁorld'5‘pr$tein‘supfly. ‘Most
species of fish'are'edibie-and ére'enjdyed as hﬁmanffood. Coﬁversion
of fiéhiinto food additives such-as fish~proteinicoﬁcentrate’is very
cOmmoﬁ téaay. Some 40 perCent'or'moré-of the‘world's fish catch is
‘presently converted'direcplfvintOffish-protein.concentrate. . Fish meal
is made5by"thefrelative1y simple;progess’of‘cooking,.prgssingvout'most
of the»oil énd about half of the-Water'éndvdrying the press cake.‘ Thei
product contains 65-70 percent protein (42). | | |
L Most of:the”attempts:to manufapture'taéfeless.fish-protein concen-
traté'and t0’introduge'iﬁ iﬁto7sbme:stapleifood such:as bread have in
“fact used fish~mea1, rather ‘than fish as the raw materiai. The problem
7with‘fiéh meal ié-to’extraqt“both'Water-SOlublé‘flavors'and.lipid

materials (42).
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AAnqtheraneﬁ:sourcé:of:protein.is leaf’protéin,..Hereuptoteinvis
nseparatea from’fibersnmeCHanicaliywu Ihéumadhine:crushés the legves..and
iﬁeedéf?ﬁdﬁexﬁnacts;protein\fromlthem,g.Theaextracted'protéiniis.theﬁ.‘
ﬂproceséed.intp;avfoonhavihg;a.cheésealikeftexture (40).>.Thefamino'
;acidicompbsipién;of:pr@tein:samplés'afe:similar'in‘regarditoméource.of
flea#es;in relation tomdifférent species, ageS‘and culturalﬂbéckgraunds;
In:spite-bf fheir'unifofmity'iﬁ amiﬁo;acidrcompbsition, leaf proﬁein
preparations-are not all eqdally gdod as protein supplements (52),

‘Ideally, leaf prOtein'would'be‘médeffrom»leaves that "are by .
“products- of Some.other-érop, In the temperate zone the obviou§~s§urces

areﬂpea'and‘bean,hulls froﬁ cénneries;'aﬁd tops from early potatoes and
tsﬁgar-Beets; The leaves'shpuldvcontain_a‘1arg¢‘amoﬁntvof’water; One
-tHbuSandlpﬁuﬁds:of these'léaveé‘would iiéld~150~pounds“ofzdry matter,
in furn*yielding'BO pounds of p;otein (40,352);

it is known-fhat the-ﬁercenﬁagé:ofﬁéktracfébiexprotein in-a leaf
tends to diminish as the"crop'matureS‘althoughtthe'total amount of
‘protein per hectére'islstili increasing; It is expected that during
the next feW'years»measurements;will be-made of the yield of extract-
able protein from -many different crop5’gfowing-in différent climates
and'harvested at different'ages"aftérrdifferent fertilizer treatments,
Oncé'tﬁe'idea of using leafgproteinlhas been . accepted in'any'fegion,
[there»will be no lack of research problems-for‘agronomists‘ana'plant
Iphysiélogists (52). | |

‘Leaf protein‘in'its dark greeﬁ'form-is‘éccepfable in West Africa

and South West India, | : 7 v
With‘the~advancement of ‘modern ‘science the researchers have'foﬁnd

“another ‘source of ‘protein frem organisms grewn en hydrocarben residue,
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\ .

” Yeast;prodpced;hymfermentationgon.either;pure;inzpafaffins.ot;heavy;gas
0il is a goed source of pfotein;hMBgcause of.éhe#absence:ofMoxygen in
‘thesé~éubstanbés,”it is;ﬁecessarymto:supply.oxygen'as well as .a.nitro-
vgen-soufceaandménsaqueousﬁsolution-éf»thé-ﬁinerals required'fér:yeast
gro&th>(65);

 Ihe‘woride;present—ﬁééd'fortprotein_is:SO’large-that nd.singlé
;povel‘source could meet it for at ieast a. decade- (52). All the ptroteins
“discussed above'areﬂlikely'fo be.needed.. Research on'éll of fhem should
.be'inténsified- There is not a bes# sourcé for-a pérticﬁiaf couﬁtrj}°
For“pedple-living'besideuan,uﬂderéx?loited ocean, it would be fish; iﬁ
a tropical rainvforest; leaves; in arable savannah, soya;vand whefe
'therevislabundant’molasses, yeast; But,“however'attractive'the‘local
best,ébprCéVmayFSeem‘infth;Ory;;it»éhqﬁld?néver'beféllowed té dominate
the -scene so tﬁat_peoplerbecomé‘heafily dependent‘on‘a Single'ﬁrotein
source. . A mixed‘diet\éhéﬁld'alWa?é.Be;pfeféfablé; .

;érotein—Riéhvfood_éf Véggtable Origiﬁ_
‘?Fof:immediate~re1ief-of théﬁﬁroblemvof protein~calo:ie~mélnutri7

tion;iéevefal.kinds'of"proteinffich'foods have Been devisea_and_téstéd.
- In theseEmixtures:the>limiting;amino acidé in a~vegetab1e protein B
ineeded}fof;growth1is‘made'up'by:gnother o#e:of the vegetgble-proteins
;uséd. _THUS'thé‘mixture1furnishes"all of the essential amino acids
-necesSary:fbr'gfowth (43), |

One~of’the'most1success£ul of‘these‘yegetablé-prqtein productS'is
1calle4~Incaprina;,ﬁamedvfof‘the-organization that.deVeléfed‘it;,the
"Ipstitu%é;of Nutritioﬁ of Central”Aﬁérican'énd'Panama-iNCAP, Incaprina

is a mixture~compouﬁded mainly of cornmeal, yeast, and cottonseed or
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' Soybeén:f1°ﬁ¥*(755; The composition:Offlncapfiﬁé;ﬁegeﬁéﬁlgﬂMixﬁuré 8 is
as f‘ov.l,'l“oWs i ; Bt
o ' :. Dried Corn Masa  :., ‘“:' ,50 ﬁercent'
‘.. Sesame Meal . - ... 35 percent

‘Cottonseed.press£ ”_f@,. 9 percent

. cake B L o s

L . Torula Yeast . . = -"» ﬂ3vpercent '
: Kikuyls-Leafmeall‘ L ﬁ-3 percent

: Tﬁe‘ﬁ;Xture héd'ggproﬁeiﬁ éonteﬁt df 25.1 percent. » 
Lfaﬁbinais produced‘in'Lebénon and-conéists o£ localyy‘grOWn chick
: p“ea‘s,,ﬂa>'nd ‘bo‘iigd v&heétrmixea_wi'tﬁ driedb vslvciiminblillkrfrom AmerJ.ca (75).. |
l’vAfféedingﬂeﬁpérimenf was éonﬁinued in Béirut with L'aubina.,uTé
.btheirvdéiighf1the‘doctof$ f;ﬁnd that the diet wiped out all signé‘éf
mainutri&ién (75).’ | | - | . |

iﬁCAP-Vegetable Miktufgﬁs, Wés pé1ataB1é, and_gave‘gbod gfowth and
effipiéﬁcy‘bf‘feéd utilizatidn in rat trials. Neither the addition.ofj’
‘ '0!45 percent”of ffeebiysiﬁegﬁorvtﬁéiéﬁbétiéﬁtiOnbbf skiﬁ milk fbf part>
,oE thg;gorn imﬁfqvedrﬁhé groﬁth.o;;feed gffiéiency_éf“rgtg_fed thet
Jmixtufé;‘.Addifiqﬁ dfmlysipé;&i&{i@ﬁfbveﬁgréwtﬁland fgédiﬁfiiiéa#fonj 
of’the-ﬁixture.byuéhicks; ’Whéﬁ”the=m1xtﬂré\wasvdildted_with corﬁstérch .
'ﬁ§ feéd”rats;at 3-15 percent“proteiﬁilével, added lysine  improved grbwth
aﬁdbféé&.effiéieﬁéy‘on‘the basis ofvthe_étudies. INCAP Vegetablé‘
'Mixfufe 8 ﬁﬁé redommeﬁde& for'cliniéél feédihgvtriais‘in’children.<7).

ﬁEéflyiin:1965, aLvégetéble protein mixtufé;ﬁasjpreparéd b&f‘
Juggenheim aﬁ'& "'S'zmielt.emvz‘an.v__fv‘rom food available in Middle Eas;ern' countries
i' (24>.uiIt‘q§n§i$f§d of 47 pefCeﬁf‘aﬁﬁoclaved chick‘péas,‘35 pefceht
.défétféd~§e5éme“flour;.and 18 ﬁeréént‘ﬁeat>prbqes§e&,:ioﬁ-fat so&bean
floﬁr} iTﬁéifféfein coﬁtent‘of thét‘fartiéqiarbmi#;ﬁfé‘was 37.8 percent,

and its biological value and protein efficiency ratio in young rats was
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- proven to be-satisfactory,

| A protein-rich mixture'prepared‘from.chick peas, sesame flour, and
low-fat soybean flour was evaluated in infants in a controlled metabolic
study (24). One group of infants wes fed a suspension-containing 10
grams of vegetable protein mixture and 5 grams of sugar (100 milliliters
water). Three grams of'starch; as corn flour, were added to each lOQ
:miililiters dfvegetabie protein mixture. Eight infants were fed homo-
genized, bottled, pasteurized cowlsmilk with 5 grams gugar added to

each 100 milliliters Semolina, 7.5 grams, and sugar, 5 grams per 100
milliliterscofmilk were fed to eight infants.. One group was fed with
Inceprina. For the last group vegetable protein was supplemented with
amino acid L-lysine or L-methionine.

Nitrogen retentions and ﬁeight gains‘in infents fed the vegetable-
protein mixture compared favofably with those of infénts fed a cow's
milk diet. Supplementatien of vegetablevprotein with amino acids did
not ihcrease-nitrogen reteﬁtioﬁ. Weight gains and nitrogen retentiens
in infants fed Incaprina were similar to those of infants on the vege-
table protein mixture.,  When sufficient calorie intake in the form of
added starch, was provided, weight gain‘in infénts fed a vegeteble
protein mixture was similar to that in infants fed cow's milk, ;It can
‘be concluded, that vegetable protein>miXtureé compare quite favorably
with cow's milk when sufficient calories are present in the’diet.(24).

Many ‘protein-rich foods of vegetable origin have been used
successfully in_the treatment of kwashiorkof. Cotfonseed pfotein‘has
- been processed at the'RegionallReSearch Laboratory, Hyderabad. This
protein has been used as-a food in the‘treatment of children suffering

from ¥washiorkor (62).
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Infthis‘particularfexperiment'four‘miatures'were;prepared,in :
‘vlwﬁiéﬁléhé”aéjor portion,ofuthe protein was derived from the cotton-‘s
1_ seed flour Fifty -two children suffering from kwashiorkor were
"'studied as” patients They had an age range from 18 to 48 months and
‘their body weight was 5.2 to ll 7 kilograms CAll children werecgrossly
"underweight, edematous and had varying degrees of hypoalbuminemia
Samplesvof‘blood were;obtained at the‘time-of admission and_on'
vhvthedtenth>or‘thirtieth,days:after trea;mgﬁ;.' Clinical and biochemical
vlresponses were~poor withvtheicottonseed'flour‘dieta ‘Edema cleared up
'fivery'slowly._lTheﬁmentalncondition improyed only slowlylllln some of
V,y'the children;bthe clinicalvcondition showed no_improvementl: They were
, taken off of the d1et after 10 to 14 days
' When lys1ne supplemented cottonseed flour was prov1ded the rate
'”of response was slightly faster than above (62) |

Children treated w1th the d1ets where 25 percent of cottonseed

',*t proteinvwas replaced w1th milk protein'showed~a bettermresponse; . When

children wére:treated'with solyentrextracted cottOnSeed:flour, of low
v:gossypol content ‘good clinical responses resultwc | \ |
The result. of the experiments rev1ewed above show that the ch11-_
dren suffering from kwashiorkor had an unsatisfactory response to ‘the
diets:which containvcottonseed‘as a;main source'of protein. Vegetablel
vprotein‘mintures:with cottonseed flour as,andingredientlshould bequedv .
only‘for ChildreanithoutrObvious clinical manifestations‘of deficiency;
| lOne‘study;was‘madeyto{see}thetefticiency of‘combinationsvof‘vege;h‘a
» tables as‘a'source'of‘protein‘in’theidiet'andhto;determinedthe°e#tentﬂ
to which such diets could prov1de for growth and maintenancelin rats"~

(14).‘ Male, young albino rats of six weeks of age were used Theld'



'.; 22

d1et was composed of vegetables commonly consumed in: the southern

-vfreglon of the United.States. Abllltles of f1eld peas and peanuts to

"1mprove responses to th1s food Were also evaluated
Results showed that though the young an1mal was unable to. grow; -
: maxntenance of body welght occurred after a welght plateau ‘was reached
Add1t10n of f1eld peas or: peanuts to the basal d1et was: effect1ye 1n
st1mu1at1ng n1trogen retentlon in young;rats (14). | |

| Forced feed1ng of young ratsfof the ‘rations contalnlng peanuts,
resulted in loss of ha1r from the lateral reg1on of the. body This was -

_ydue to un1nten51f1ed am1no ac1d 1mbalance 1n thls d1et
- Amino Acid Fortification

In the developed countrles crystalllne am1no ac1ds are ava11able
"at;lower’costs » ThlS suggests the fort1f1cat10n of food with 11m1t1ng.
'hamino:acids:» leferent quant1t1es and proportlons of‘these amino,
”aclds are necessary to dey1se a m1xture wh1ch 1s complete and balanced '
-(31) . ‘ L . 5 : D
In one study (55)> protein food based on . 011 seed meals, was
':powdered.flnely~1n a m1croatomlzer It was dlssolved in hot" water to
y1eld a m11k 11ke emu151on that was h1ghly acceptable and could be
'readlly fed to ch11dren sufferlng from kwashlorkor | .
Mlcroatomlzed prote1n food was’ prepared by m1x1ng Tow. fat,‘edlble ;"
fpeanut;lsoya;~and sesamehflours:wh1ch~werevf1nely powdered in a,mrcro-lfh
'Vatomizer “A second m1xture was prepared by m1x1ng the o1l seed flour :
iand sklm-mllk powder in requ1red proportlons and fortlfylng them w;th
:;vltamlns.A'\D*thramluek rlboflav1n and calclum phosphate (55) |

Chlldren w1th moderate to. severe kwashlorkor 'adm1tted to the ped1atr1c
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ward.Qf‘pheﬁKfishnarajendra Hospital, Mysore,}iﬁdia served as subjects
’for'tﬁé;study.>.Résults'shqwed»that’the’initiél gﬁorexia"was easily
'Qvérééme'by the-diet. The edema bégan:tg:degreése after'é.few'days of
'tfeétmeng‘and disappeéred cémpletelylas'tféatment was céntinued.»
._Microatomized proﬁein foods bgsed.on blends éf éil,séed Meal and

skim:milk'ﬁowder, are>readi1y;acce§table‘to childfehiéuffering'from
kwaéhiérkor.and are quite;effective iﬁ‘initiafing‘cure. :Vegetable
'prqteins, in'genefal, lack one ermore of‘the'essentiai amino:acids
~and" possess nutritive-valué lower than that'of'animal pfotein.' If the
-pattern of amino acids in Vegetablevpréteiﬁ‘dqes-not deviate too'ﬁuch
from:.the optimum, feeding-at higher'levels:of proteiﬁ'intake cén over-
come * the deficiency'in‘indispensible_aminoLacids;A.u

In;anéﬁher‘exﬁériméntié‘mikture*wé%kdévelépéd with differeﬁf‘émino
acids, .Thié mixture was tasted'aﬁqlgpprpved as:acceptable by‘adult
humans in a.balanée»study:' %@ojmiifdreéigefe‘préﬁaréd; Amino  acids
were provided, iﬁ-part, as white wheat flour and in part as purified
amino racids, Both’ﬁhe mixtures COntained’limifed amounts of all éésen-
tial aminO‘adidsf Thése mi#tufes-maintained_ﬁitrogen equilibriumliﬁ
.adult-human’éubjects'(A).b » | |

From.the:experiment stated above;it.is recognized thatfrelatively
‘small quantitigstof eight essential'aminq'apidé wi11}maintain-nifrqgen
'equilibrium.in men - and woﬁen,:‘Nitrogen'refeﬁtionfimproves‘stéédilYﬁas
thevqﬁéntities,of essential amino acids ingregSg;simultaﬁeouély}
Quantities of‘iﬁdividual amino agids;are of priﬁafy importance in.deter_
-miﬁg-maﬁ's:ability to>utili2e dietary;pfotéiﬁ1effectiyely. The'vaiué
of supﬁieméﬁfary”nitfogénbdgpends:on:theaamount'and'?fo?Ortiéns:of

essential amino ‘acids that are present (4, 15).
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This éuthor1doe§‘n§t recommend the use of crystaline amino acids
’fﬁf Pakisﬁaﬁ which is étili a de&elépiﬁg'counfry. JSynthefic>amino
JaciQSvare.not available in:great aﬁounts, and in most cases the cost
vis‘high,-klt is wise to find éut‘hOW‘tO-deViSé and prgpare'mi2£ur¢s,

from.the~common1y'and'locaily'available food sources.
E  -E&sh'PfoteinvConcéntratélasia'Supplement

: Fish prétein éoncentrate is a foodvsupplement-éonsiSting‘primérily

 of‘é dried’andvprocégsed-fqod froteiﬁ.and of the»naturaiiy_associatéd
vitaﬁins,énd inbfganié minerals (25);>

Fish protein concentrate when - added tp'éefeal and legume proteins,
' Briﬁgs~an’improvement in’pfotein qggligy bécause-qf the supplementary
éffecté‘wathé~required’amiﬁbiaéids in‘fiéh flour; Stillings:(67);'for
~example, éhowed thét a mixture of Wheat,flqur énd fish flour hadiay
‘nutritional value~appa£en;ly‘Higﬁe£wéﬁén tﬁatlbftheat flour alone. A
mixtufe of teh‘percent fish flour and 90vpefcent wHeat'flour had a
prqtein'efficiency'ratio of 310 as compéred to 150‘f0r>wheat flour
alone. |

Mefta 46), sfudied the-ﬁutfitional value -and acceptébility of an
ddéfiéés;‘defatted fish flour 'as a stsiblé supplement for East Indian
diets. The diet containingbfisﬁ'flour'Waé‘c§mparéd with a diet contain;'
iﬁg;whole-egg'profein, Eéual amounté,of"botﬁ fhe.diets were giveﬁ‘to
five-ﬁale‘rat§ fdr 20 days?l Thé'méanvaéily'grdwth of_thé aﬁima1s.
-consuming fish flouf protein was 91 pgfcént of‘the:meanidaily gréWthb.
_ of fhe*animgls consuminé who1evegg'protein,' |
“  In One{gﬁﬁériment.animal fééding tests weré~éonducted,to detefmine

if the-nutritivevquality]of'the protein of four vegetable supplements,
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used to_improve deficient'diets, could’be'improved‘hy'addition of
highhquality'fish protein'concentrate;v'Supplements tested were (1)
.multipurpose food prepared by General Mills, Inc. for Meals for Mil—
llons? (2) multipurpose"food, (3) nutrobiscuite both formulated by
technologists at‘the Central Food IechnOlogical Research_Institute,,
India, and (4)vIncaprina;formu1ated'hy.investigatorS‘at the.Institute
of Nutrition for Central1AmericahandrPanama,i Croupsvof male weanling
yrats~were fed diets containing a,totallof ten percent prOtein, eight
.percent from the vegetable supplement alone, or -with one-fifth or two-
) fifths of protein from'fish.protein concentrate. In-all cases the
1additionvofvonebof the 1évei§.¢f fish protein concentrate to the
'vegetahle;protein1resu1tedein significantly“improved growth'suggesting
‘a Better.awinofacid balance of ‘the dietary'protein; :Amino acid%analnrl
ysiS»of protein in each‘supplenent_and;in,fish:protein concentrate
supports this conclusion_(GS):i | | |
In another study, chenicallcomposition' biological quality of the’

protein, and toxiclty were deternined for fish proteln concentrate and'
sunflour press cake Fish-protein concentrate enriched food 1mproved
the blologlcal quallty of cereal foods when fed as the‘only source of
vprotelnu Flsh-proteln concentrate produced normal growth in infants.
VMixtures-containlng flsh flour,and sunflour press cake showed a'high :
net protein utilizatlon in rats, and produced mnormal - growth in children
when they ‘supplied 70 percent of" the total daily n1trogen (78)

| pFrom;the'abovefresults it can be»concluded that flsh-protein con- .
centrate-is‘a;new'food‘source-that can he>used.to neet,the protein
needs of chlldren° It has high-protein content,.good‘biolOgical value

and aBSenCe,of toxicity. Its high available‘lysine,makes:it'Valuable
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for‘improving-hiologicalIValue of poorer proteins;‘especially'those of
‘cereals.

Besides imprOving'the protein.of the diet, fish:fionr also: in-
creases the mineral content, especially in rice diet (46).

. Vegetable pureehand cereal dishes enriched with:fisheprotein
,concentrate-producedvin’Morocco were'fed to a test group of infants for
a sinmonths,period., A three percent concentrationnof fieh-protein
concentrate in theefood aS”coneumed‘represented,the<maximum acceptance
levell This percentage of fish—protein.concentrateiin th meals pro-
vided'just,oyer ten grams of this concentratevdaily/perhinfant, To~
gether with the'vegetable protéin‘derived fromithe local cereal and
vegetable weanllng dlshes, this ylelded the equlvalent of 13.2 grams.
of reference proteln Wthh more than fulfllled ‘the: FAO standard of 12.6

"grams:recommended for the>wean1ing-age group. Welght and-. length galns

§ r1n thls test group of 1nfants compared with a control group did not

show any etatistical difference_(ZO). » v,; f

:Pakistan,has a vast‘potential.for increasing her catches of
‘marine'anaffreahawater'fish.u This potential‘must, therefore, bep.’
tapped‘to,raise the supplies of;fish.intended=for consumption-as such,
as weilkas‘in the form. of productavlike'fish?protein concentrates,
'The’frotein,Committee of the Nationalecience Council has;recommended
’th1s (54)

Factorles should be- establlshed in. both prov1nces to prepare
fishuprotein concentrate‘of good_qdality, with-a procees'llke“that of
’pthe'Brue‘of commercial_fisheriesiof the United States,
"Io‘poppiariée-the consumption=of fish-protein concentrate,.inﬁes—

'tigation should be organized (a) to find out safe and convenient
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' methods of using-the concentrate in various foods acceptébIE\to-the
-common man, and (b) to establish an organized system of marketing
.fish-protein concentrate-and.its’products| among:the masses: at low
: S i i o o

prices (54). e o /

Legumes. in:Human Nutrifion

‘The word legume is:aériVed’ffom thé Latin legumen, which-mgant\
fany=legdminous plant, . It is,cultivatgd_thfopghout the ‘world, in both
the'trdpics and”températeb2§nes.' |

‘Dry legumes have béén‘céllédAthe ”poor~méﬁ's-mea£,” a designation
_of‘interest;and import;nce'from historical énd.other-standpoints (13,
P9 vThe léguﬁes,-ip-dryiﬁbrnygieldtalmost-gs'many calories‘pér;unit
ofﬁﬁeiéhtfaé-cefeéiéﬂn'Théy ﬁaVe'a higﬁ‘pfoﬁeiﬁ c§ﬁ£ént; rénging ffom
17 to 25 percent, Tﬁis-ampgpt;ofvpyotei§ is"abouE»§oub1e that of the
cereals-in general; énd éliéhﬁly higﬁer fﬁaﬁ ghétﬂbf meat;:fish,'and
eggs. The soybean and groundnut are exceptional in containiﬁg‘about

38 and 25 percent ;espectivély of protein,’

/
/

_ Most éf the %éggmés-commonly‘eaten by ‘man contain liﬁtle fat,
. They are-fairly'gééd SOurées-of thiémine,.ﬁiacin, caldium‘and'iron°
- Dry-légumesiafe'aimost devoid of ascorbic acid, but théy §yﬁthesize
—ascorbic:aéid when they,sprout_(lB)é‘ Legumesfas-a‘group are‘oneréf
the“imﬁortant‘humanvfobds.aﬁd éne'ofbrather.S?ecial inﬁerest_fromAthe
‘standpéint of‘nutrition.f'_ |

: Ffbmﬁthe hﬁtfitiona1,éfandpoint;'the saiieﬁticharacteristic of
1egume§}is theifuhigh'prdteih.cohtént; BgtbprOteinébdiffer'in their
'capaciﬁy tébfuifill protein‘needs, agcordinglto theirxaminOrécid com-

positioen, . So combinations of several legumes can make a mixture which-
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‘,is<high*in'pfotein.qqahtity‘aé‘wellnas qua1i£y; ’“
|  The;fi;ét‘workéi to use{a 1egume~to treéﬁ‘protein‘deficiencyiwas
Deénv(13; p‘;SI)vﬁho'gavé-soybeanSVMixed with'Banana‘fo’children with
DkwaShiOrkOr inkKampala, in Ugépdé, |
| ‘,in»lhdia,:children with k;ashiorkor'were'givén chick-peas:in the
form of flour:madegfrom-gfaiﬁs'éiiowedzto germinaté-for'two days. The
‘flour'Qas5mixéd'witﬁlbaﬁana; unfefinéd sugar:and'water,Taqd autéclavéd,
giviﬁg:a pfoduét resembling stéamed'cake. Takeﬁ;in'éméunts providing
“about 60'grams,of protein.dailf,‘fhisvpreparationlp¥§duCed"a good
cliniéai~resp9nse, cdmparablejto that_seeﬁ in‘simiiar childrén-re~
.céiving skim-milk'powder’(Zl); Thesé;experiménts,do no£; however,
cast doubg‘on.the conclusion théﬁ 1égume$‘in generalgéphance’the':
ﬁuﬁfiti?givalué*§f diets:'nr
.Pulses;and gréin’occqﬁy a‘prominént place-in the'dietary'patterns
throughout Pakistan;IJSeVé:ai'V;riétiéé of puiéeé; ﬁéés, and legumes
are eaten after.cooking'alonejdf'with:meat,‘“These-are>also miXed‘QitH‘
frice?for ﬁheat to make bread, or ground to-a‘powde;, for curry,broth
or roésted to:bgfeaten'aéssuchr(54); Even thbﬁgh‘pﬁlses form an'inte-
gral Paft‘of tﬁé*avéragé man's diet in‘Pakistan,:very few attémpts
‘haVe‘Beén‘méde:ﬁo fotm.a mixture-with:sevé:ai‘varietiéé;‘ On the:other
hand:ﬁiiing of vérious protein‘foodé,‘eégh'containingvsgme:of the
‘essential amiﬁélacids, méYxiﬁvadditivé‘fashion, suppiy'all the essen-
;tiél.aminoiécids, 'Tot§l §uaptity of poor quality protein ingested |
must-neceésafily Be muéhiiarger‘thaﬁ the‘amount‘of‘good.ﬁuality pro-
tein (38), | | |
In‘her,study of plantﬂprotein ﬁixtufes Shakil (66)1£ried sevéral

combinations:of pulses'aﬁd,legumes3available*in Pakistan'in_order to
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lfiﬁd.one'which cbuld meet the-dailygrequirements.df aniadult"mAn,‘,She
"~ recommended the'following'vegetéble‘mixtufev(66>p.‘8) as a satisfactory

one to meet the requirement of essential. amino acids:

. Peanuts . ' .75 grams
’ ‘Mung- o - 125 grams
Gram: u "~ -100 grams

. Sesame seed - . . 40. grams
-Either Whole : 75 grams

Wheat or Rice

,415 érams

This”reseéfcher'analyzed her'mixture‘for*ﬁethionine~content with paper -
dhromatography; 2Ihe'samébmixturé-gén;bé tried'to déterminé;;he biolog-
1i¢a1 value:ofvfhe prqtein‘through'ﬁﬁe,grdwth éf white rats. .

Jan (34) prépared foﬁr diet miitures énd'évéluated theif value by
frat}fgédiné;expérimehts.7”Grains*andJiggﬁmes»useavin_héf sﬁud&iincludel
.Whéielghéét:floufs,;whi;exfieé;:cottbn’ééed; é?oﬁnd,muﬁg bean,‘sﬁﬁ_

flouf:seed.and‘pumpkianegds."‘The;@ixtures'did‘not @ermit animals to
*peffofm.satiéfadtorily; ,Thevréason‘forifhié was thé-lowfﬁethiomine

-éoptént of "the diet miktureq
‘The Rat in Laboratery:Experiments

.vfﬁg-élbiﬁo*rat.is one - of tbé impbrtant experiﬁentalylabo;aﬁory
uanimélégﬁhiéh'has cOntributed-ﬁuéhzin the-knowledge:of sgiencé_of
nutri&ioﬁT:_Op#imum.conditioﬁs for‘the~housing; maintenénce, breeding, 
andxsﬁrvivél,éf:1aboratory?animalsthaveﬁbeen the subject of numerous
aﬁtho:itétiye:wgrks some»of'which.have been‘spénséred;by,scientific
‘OIgahiéations>dedicated to_thiS'purpose'(Si).

Rats-are*omniverous,» Tﬁéy'are-Selectedrfor eXperiﬁents because -

»theyfh?ve-similar ﬁutritionai requirement to man, Theyxare»économical

to.buy and.te:feed énd require. little space to:live. Their life-cycle '
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~is about thirty‘timesrthe‘rate<of the human species,

’thte rats are a good ehoide for 1ongitudina1 studies. They
”multlply rapldly and have large- 11tters whlch permit a hlgh degree of
vegperlmental control. The female is ready for breeding 100 days after_
birth'andgthe gestation perlodyls 21 to-22'days-whlch‘makes-lt'posSible
Ato study nany generations in agshortftime'perfod, o

Theﬂlife'snan of ‘a white-rat conpares to that‘of man - as follows
(32>:~ » | | |

: Human'Age

¥ 4 4% 5 5% 6 6% 30 96
=

cin Years = 2% 3 3 _
‘Rat Age” 4 5 6 7. 9 10 11 12 52 156
in Weeks ‘ ' '

Weanling rats, twenty-one days or'older, and still.in the'rapid growth
perlod are used for short term feeding experlments Wthh are des1rab1e

to observe growth effects

The known.dietarylréqdirementsfforfthehrats:(23,>p, 98) are:

Calcium: 40-50 mg,

Phosphorus: 0.5 percent '

Potassium: males 15.0 mg; females 8, O mg.

Sodium: © 0,5 pexcent

Chlorine: 5 mg.

Iron: 0,25 mg; 5 mg, for: reproductlon and .
BRI lactation
. Copper: . 0.005 mg,

Iodine: 1-2 meg,

Magnesium:- -4 mg, per kilogram of body welght
Zinc: 40 mcg.

Cobalt: 0-4 mcg.

Aluminum: 1 meg,

Arsenic: .2 meg,

Boron: 0.8 mcg,

Bromine: 5 parts -in 10 million in diet
‘Fluorine: 1 part in 10 million in diet
Protein: 25 to 30 percent

Fatty Acids:

‘Vitamin A:-
Thiamine:
Choline:

25 mg, methyl linoleate
4 mcg. per kilogram of body welght
10.meg., 120 mcg. for lactation

.1 mg, to prevent renal lesions;

~2-3'mg. to prevent: fatty 11ver, 15 mg.
‘ for 1actatlon



none -if Ca:P ratio is between
1:1 to 2:1 '

1 mg.; 3 mg. for gestatlon

not required

Vitamin D:

Vitamin E:
Vitamin K:

Visual comparison of ‘the experimental rat to the control animals

- is an important part of the animal feeding demonstration. The char-

' acteristiés_of the well-nourished and poorly'nourishedbrat (5, p. 2)

as follows

“THE WELL -NOURISHED RAT

iClean'smooth, glossy hair;.smdoth
tail, free from roughness; bright

-pink eyes; pinkish nose, ears,

feet, and tail; clean and tidy
-habits; quick, alert movements;
good muscle control; easily’

“THE POQORLY-NOURISHED RAT

Shaggy, dull and thin fur;

~rough, dry, scaly ears,

feet and tail; eyes not
clear; pinched look in face;
whiskers not long and sharp,
possibly dirty; restless,

-handled; good natured; f1rm irritable and cross; breath-

3gna11s e L o ing d1ff1culty, susceptible
' AR to snlffles, possible soft
aaﬂnalls.i‘ : o

From a long serles of rat feedlng experlments, it has been found
'that both the amount of food and 1ts compos1t10n 1nfluence well belng
of the'rats,‘the‘kinds of diseases they'contract,fthe severity of

their ailments, and especially, their longevity,

Essential Amino Acid Requirements of -

the Growing Rat

_éeveral attempts have'beenbmadesso far to evaluate the nutfitive
-value'of proteins from their amino acid centent Block and Mitchell
(6). used the amino aeid composition of whole egg protein as a standard
for‘evaluatlng the»chemlcal score of protein based on the,mqst llmlt-
_ ing-aminonacid'andvobtained a correlation of 0,86.}

Later on Johnson and others (35, 36) thought'that the essential-

‘amino ‘acid requirement would serve best as a standard for calculating
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of the amino acid index. The minimum requirements for the essential
amino acids by the weanling rat for maximum growth have been determined,
using casein amino acid diet at the ten percent protein level. The
following requirement index is proposed as a chemical estimate of the

nutritive value of protein (36, p. 88).

PATTERN OF AMINO ACIDS REQUIRED BY

GROWING RAT

Amino Acid Percent of Diet
L-Histidine 0.25
L-Lysine 0.90
L-Tryptophan 0,dd
L-Isoleucine 0.55
L-Valine 0.55
L-Leucine 0.70
L-Threonine 0.50
L-Methionine 0.16)

Y 0.50
L-Cystine 0.34)
L-Phenylalanine 0.42)

) 0,72
L-Tyrosine 0.30)

Non-essential amino acid mixtures were added to make a total con-
ventional protein content of ten percent.

The above reference pattern served as the minimal essential amino
acid requirement of growing rats, The growth on this minimal amino
acid diet was compared with whole egg protein diet. The growth rate in
both the groups were equal at about five grams per day, and the effi-

ciency of protein utilitization ratio was the same in both the groups.
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:This partlcular requlrement 1ndex can be used as a standard for prote1n .

: requ1rements of rats (36)
Effedt of Fdt on the Growth Rate of 'the Rat -

» The‘amount of’fat in"the,dretﬂaiso affects the growth ot rats;d In
done study'tnoddietsiwere Preparedcfor‘rats{: The,diets nere modifiédzr~-‘
catlons of relatlvely s1mp1e d1ets composed ch1ef1y of sem1pur1f1ed
‘components.b In one group of diets, prote1n and fat were var1ed by re-

' p1ac1ng 20 to 25 percent of the sem1pur1f1ed dlets w1th egg, m11k beef
and.peanut-butter. In a second group‘of,dlets,_the soprce and level of
vprotern-remained_constant but thefkind}and level of rat varied}t The
dfats were hydrogenated vegetable 011 1éfdnsnd_butterg theglerels nere
1se1ght to 16 percent (1) Sl [ |
In general;,growth-was’goodLOnuaildof the experimental diets dnder
'.,investigatron No ev1dencevof d1etary defrclency was. apparent .Yonng‘
“rrats tended ‘to grow more: rapldly ‘when the -levels of fat were 17 to 19
:percent.than when the d1et contain n1ne.percent fat or less, Wlth some'
: diets the growth~rate~ﬁasvassociated with“calorie,intakej withvothers,r
:such:as_those containingvhigh'1eye1s!of,egg, nilk,‘beef-or peanut |

' butter, it appeared to be-associated with efficiency of utilization (1):

" Protein Efficienc

Protein eff1c1ency rat10 is a’ measure of welght galn of a grow1ng :
vanimal d1v1ded by protein 1ntake'

PER = Welght Gain (gm)'
Proteln Intake (gm)

The PER was used as early as 1917 by Osborne and Mendel 1n thelr studles'
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establishiﬁg*differeﬁceé in protein quality. ’It’hésvmost often been
-applied éofstﬁdieélon laboratory*rats, It is:the'simﬁlest method for
‘evaluating prdteinvquality,sinée_i; requires énly én-gﬁcurate‘measﬁre of
@iétary;intake>and Qeight gain. Howéver,:the method requires sfrict
’adheféﬁcebto ceftain conditions: .thezéalorie>iﬁtake'must be_adéqgate,‘
The-ﬁrdtein must be fed af*aﬁ adequafe-but.ﬁop excessive level. Bef
-éause.of a highérjlevel of dietary prbtein, Weight gain.does not . in-
~ -crease proportionally withﬂprétein intake (8).
Ihe'experiméntal period in'fhis‘methdd is usually about four weeks,

vCertain1y~the'method affords good’comparison of biological values
between variousgpfoteins or betWéén'the proteins of various_mixed
v fbodg and feeds (745.

. The:greatest_source:of err6f iﬁ the:PER'ﬁéthod'liesHinkfhe‘ﬁsé of
weight gain per‘se'as criferionvpf‘prpteinvva1Qe; Weight ‘gain cannot be
assumed:to represenf’pfoporfionél'é;in in‘bday prétéin under all con-

ditions;
Food Habits

Food habits are'the'way péople»haﬁé-learnedbto select and cdnshme
"fodd as:abfesult of soéial preésure‘and'cultqrailtradifion. In geﬁeral,
they aré~f0rmed early in life and are influenced by all the forces
‘which mold aﬁ:indiﬁidual's.personalify'and'his béhaviorr(48).

FoOd i§ always defined culturally, beéause‘each group in their own
evolution, seté-up a complek pattern of stgndafiied behaviors{  Food
habité vgry from oﬁe Cuitural gréup.to'anothef. Individuél§~within,a
Cultﬁre~respdnd ﬁo the approvéd'behavioral'ﬁressurés by sélecting, con-

suming, énd,using;thosemfbods'which'are avéilable;"Dr.‘May says (43,



35

p. 87):

It is true, therefore, that food habits of :a group
are the product of the group's present environment
and past history. Those food habits and customs
‘which have become meaningful to the group are care-
fully held and not quickly changed. It follows,
therefore, that .any‘one who would change -a food
‘habit must first understand the deeper meanings
of the particular habit to-the people. -

There is considerable-symbOlismiassociatéd-with particular items
‘in the diet. In the words of Mead (17, p. 336): ’

In most societies, food is:the focus of

emotional associations, a channel for interpersonal

relations, for the communication of love or dis-

crimination or disapproval; it usually has a

symbolic reference,
-Food 'habits become-deeply-imbedded in personalities as people are
‘raised in'a particular pattern, It is one of. the basic media through
‘which attitudes and sentiments are communicated to the child. The
‘family meal situation is one of the important events in producing
‘morale or a sense .of unity. " Certain foods, eaten early in life, become
.dssociated with thesetfémily‘éentiments,ﬂ-'

Introdﬁciﬁg"change in food habits requires an understanding of the
symbolic aspects of the different meals. Change can be easily intro-
“>duced,in‘relationvto the foods which~haVe 1ess’sentiménta1'eanection
(17).

Techniques of changing behavior were studied in two experiments
‘dealing-with changes in food habits. Individual instruction and. group
‘decision, andflecturevand-groupwdecision methods were compared. The.
‘first experiment was concerned with:infant feéding,_the-second with

increasing milk consumption in the family. The subjects were mothers

“and "housewives of low-socioeconomic status. Results showed that the
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-group decision ﬁethod was Significantly;more‘effective-in leading
mothers. and housewives to action than weré-either'individual instruc~-
tion or lecture (37).

Selling new food products or introducing change in food habits are
seldom easy. Introduction of .any new food product should be develbped
in such a way that it is acceptable to the local population and it
should fit well into existing or already changing eating habits. Raw
material should be supplied in large amounts so that it is cheap.
Production method and quality control should be sound, Sensib1e>price
structure should be established which will result in a selling price
‘which the consumer can afford. This should also offer a fair profit to

the producer (44).
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METHOD OF PROCEDURE

. CHAPTER III

‘Extehéi&e'1iterature’was feviewed;to.iéatnjthe possiPi1ity~qumak—:
 ing'vegeiab1é pfotein‘miktures whiéh would provide grthh'and m;intéin
i.the'lifé of animals. VSome.of the graiqs-and Tegumes used in this study
iﬁclddé‘fice; 1entils,.mung beans and~Sesamé'se¢dsu- Iﬁ_§ne'ot the
eXperimehtal diéts,vfish1protein~concentrate_was used.aS § source of
:apim51 pr9tein? Gréin§ §nd pu1ses werg.sglecﬁédlon'th¢3bésis-ofgtheir
cqst,'A§;ilabiLity-and accéptibiliﬁy\byfthegébﬁmon‘Pakistgﬁi peoplé.‘
Threeﬂdiet:ﬁixturgs were p;epared,and‘fed'tov18‘rats_ﬁgrja~periodsqf
siX’weekS? TOut‘of the»;ﬁréévdietﬂﬁi%turéé 6ﬁe»waé'used»as a»gontrol

© . diet While.theﬁotherstwo were;uséd-as"Expérimehtal Diets I and II,
Détermination of Composition of Diets -

Tﬁe.coﬁtrol-diet‘wésxtaken originall&'frﬁm’Lémb"s Manual for Nu-
-tritioﬁ Courses in which cbrnstarch fofﬁed.thé major-source/of;ceréai
uf(39,.é.:19)g> Its-cqmpbsition was,changed.sdme_to équalize‘the:pfotein
'épd“caldrie‘coﬁfent.with]E2perimehtalfDiets I>énd II. The~prétein.
leveljin all.pf.ﬁhe diets Qas.1OWered:tp'approximétélyv18w5 perceﬁt
sinée;ﬁany iﬁveStigators~havéiuéed from.lO>t§:l8:?erceﬁ£;§rotein (7,
 35;36), After selécting_thelpafticulapﬁéfain and-iegumes;tpgmqkefiqto'
»‘phe,two}§XQerimental;diets,-thé»c0mbination“éf'différentiingredientg in

‘tWo*grbups;ye;g;galculatedjSeveral’times-ih;differentgcombinationSa
, B
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vAttempts_Were'made to get the cémbipatioh.in»99ch~proportipnithat its
Tés&entialxamihb_acidﬂcb@PQSitiqn”WQSQaSfcldsetaﬁz?éﬁ@ible,to’the fdl-.,.

lowing:.

% of Diet

=

Histidine . . o o . v o v . 0.25

L T LySine “er o '. ° P e ° 9'. ° ‘o‘ °00990

i

= Tryptophan o+ o i e w w011

1Isdleuciﬁe_i.]Q);jw: f; . 0.55

R
B | :

Bo- Valine ... . e e .. . 0.5

wth'?ihégcinef;E, ;;;tv.gf,jglg.,»,uqt7o
Thistpéttefﬁzgiven abové is ¢6nsidéréaias:tHe”minimqmtamiﬁétAQidjféf
. ~qu1rement of rats. for max1mum growth (36 P 88) It was reallzed
Vthat 1t ls dlfflcult to get the ratlo ot.amlno 301ds 1n exactLy the
same a@puﬁt;as~th¢-standard‘rat;o.fpt,rgt[grqwth_ FLnally, two, ratlos
;Wereichésgn Whith*were‘cioséét?to*thététgnéatéﬁﬁanojacld“patterh se-
v..le!ct—e'ii»o fThe.gﬁino acid compositiongqf the threeidiétsluéed*tnwthis
- -study are giQEnlin‘féﬁlg:I;

'In:ExpénimentalfDiét i fiéh-prqtéin‘éoncentrate=wastaddedrwhiCh
tmgde;it~quitéeeééy toﬂbalancerthe;émihé'étidé,,7M¢thionine a&d lysine‘
o were the“tWo-mostalimitiné-amino'écids in:Experimental'Digt'II whith
Wasvcdmposéd'of vegetéble~proteins\on1y,'»MEthionite.and lysine were
'adJusted by varylng the - amounts of sesame’ ‘seeds’ and mung ‘beans.

Prov1d1ng suff1c1ent calorles was anéther ﬁroblém whlle worklng
-with thgse'diettmixtQFES. Espec1a11y in Exper1menta1 D1et I, the cal-
"Qrie ;qonténtj&as‘leW!at:the:beglnnlng, Thejamountvof~cottonseed'oil
was_incfeaéed;toﬁméke‘tte;taIOriewcéntent’thétdeéitéd iével. This made’

itheﬂdiet'extremely ofly, 1No vitamins were addéd'infbbth the



TABLE 1 o | - .
L ' 1 : -
_ AMOUNT OF ESSENTIAL AMINO ACIDS 1IN 100 GRAMS DIETS

| CONTROL DIET

HISTI _ LYSIN  TRYP ISO  VALIN IEU THREO ~METH CYS _PHE _ TYRO

_Casein - 12% . .364 . ,967 . .161  .791  .892 1.213 - .516 372 .046 . .640  .702

Bre&ers Yeast ' S S
20% .204 -539 .116 - .392 - .445 .527 .384 .035  .099 .310 ~ .310 _

"TOTAL FOR CONTROL _ -.568 1.506 .277 1.183 -1.337  1.740  .900 407 - 145 - .950 - 1.012

EXPERIMENTAL DIET 1

‘Fish Protein Conc. ' N _ ' .
127 .148 .849 - .,086 487 . - .450 . .712 - ,504 . ,232 L .317

Lentil - 30% '..174 ;452 - .064 .39  .408  .528 . .268 .054 - .061  ,331  .199
 Rice - 41% 043 .101 0027 ,119 . .179 - .220 _ .100 .046 .03  .128 _ .116

 TOTAL FOR DIET 1 .365 1.402 .177  1.000. 1.036  1.460 .872  .332 ~.095 .776 .315

EXPERIMENTAL DIET 2

Mung Bean - 26% .139 427 . 046 346 . .370 .564  .196 .068 - .039 .299 .100
Lentil - 30% 76 452 064 (394 .408  .528  .268 .054  .061  .331 = .199
Rice - 16n  .017 ~ .039  .0100 .047  .070  .087 .039  .018  .013 .050  .046
" “Sesame Seeds - 203 .070 092 011 .151 .14l .27 .112 - .101 _ .078 - .232 _ .151

*-TOTAL FOR DIET 2 .400 1.010 .131 .938 .989 . 1.446 .615 .241 191 .912 -496
1Thé amino”écid"tontéﬁt'df-tﬁe diet'ih@;é&ient&WasbalbhlatedusithmindAcidﬂbﬁtentofFoods(73)

“zFlsh protein. concentrate ‘was obtalned from VlObln Corporatlon, Montlcello, 1111n01s 61856.
It contained 85% protein on a dry basis. . = - S

6¢
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‘experlmental d1ets. Salt m1xture W formulated per Wesson mod1t1cat10n
iof Osborne and MEndals Salt Mlxture was added to all: the d1ets.
v The compos1tlon of the three d1ets in- respect to the percentage of

protern;;fat*and total calor1es_;sig1ven 1n'Table 2,
Préparation of Mixtires ..~

-. Ingredientsdllkevcasein;Zcornstarchs.arewerslyeast;and salt‘mixfb
Eure,,whicﬁlwé;éfa1re56yffiﬁéiy7g£§Qﬁd were-carefully weighed. 'hentil :
;and mung bean were - heated at 120 degrees for two hours to prevent the
actron of tryps1n lnhlbltlon (72,.p. 35) :kThe‘1ngred1ents.such as‘=
-r1ce, lentlls,‘mung beans and sesame seeds were ground tova flne con-.z
~slstency by us1ngba Warlng blender. All the 1ngred1ents were we1ghed.
n{dThe dry 1ngred1ents of each dret were m1xed thoroughly in large crock-'
“?ery bowls w1th the help of a pastry fork v01l.was then added and was
'Emlxed very completely w1th the total 1ngred1ents unt11 the mlxture was_'

:¥ homogeneous. The d1et mixtures were stored 1n labeled glass Jars and

.7Were Placed>1n,a‘freezer at once.:
Samplirg and Care of Rats_

'v'Weanling”albinoﬂmale»ratS‘weighingdSQ to 60 grams were used.?

 Each rat was confined to an individual wire-mesh cage with removable

[N

o 1Sa1t m1xture W was - obtalned from NutrLtlonal Blochemlcals Corpor-’c
'_atlon, Cleveland Ohlo 44128 S . . .

s 2Anlmals were obta1ned from The Holtzman Company, 421 Holtzman
"Road Mhdlson, WLscon81n. o



TABIE 2 te e
"’Jk COMPOSITION OF THE CONTROL AND EXPERIMENTAL DIETs3

' INGREDIENT j“ AMOUNT ]ﬂ PROTEIN e FAT CALORIES

S SR *ZL'*fa.,"'%~' =

“‘”;Centfol‘

‘f]CaseIn i'i'-'f"' B L Y : R PR
S Cornstarch o » 50 K A BRET 200 e
. Brewers. Yeast 200 T 76 == . .756.60
" Cottonséed 0i1 . 12 o e- 0T 1200 7108.00
Cod Liver Oil © ~ = 2 o ses o aliloial
T*Salt Mlxture'j Y ~f~f“f,-4_i L el e

**a'TOTAL T i00 1906 17 &i7.60

:'Experimental.Dieth'

Fish Proteln'f : R T I
G Concentrate Cl2 e 9360 s mm e 3744
Lentil o300 74l e 1020

_RlceL,v_»>v . "’~,fv;41j o 20Tb e es L 148
. . Cottonseed 011 T M e e G 126
5 -Salt Mlxturer ' Jff,j;li : g"yfyfllf{,;"_’-;_;'!;f-—

TOTAL ﬁ”:»‘j; T 100 195 T&  h14.37

Experlmental D1et IIN },}, :ju__v,ﬂgl

~'Mung,Bean,.‘7.%_.f;f5'267f“" D106.29 T amil - 88L40
o Lemtil . 30 007041 0 == 0102,00
¥ Sesame Seed Lt 200 T 3u64 © 10,6 116,40 R
..‘Rlce 16 1,07 0 ewo 058,08
0Ll s e e L 500 45,00
'f‘jSalt Mlxture S a3 '“,---;if ,LIT-,—-;»QENf~-; e

,’TOTAL ‘_ : ‘ "“‘Iooﬂ». 184l :‘lls;ex”f 509 88

3The proteln, fat and calorle content of ‘each d1et mlxture was
calculated uSIng Bowes and Church Food Values of Portlons Commonly
Used (ll) ‘ S L e



42

bottom trays. Paper was changed and the'céges washed once per week
‘with stroﬁg detergent, dipped in chlorox water and rinsed in clear
water. The animals were born on February 16, 1970, were receivedbin
the laboratory on March 11, 1970 and feeding was started the same day.

Animals were randomly selectéd for each diet group for thq experi-

-ment. Each rat was taken randomly from the total group, weighed and

placed in one of the 18 cages which were previously numbered from one
threugh 18. Numbers one through 18 were written on small pieces of

paper, placed in a container and shaken well. One number was drawn at

-'a time. The rat corresponding to this number was placed on the Control

Diet. A second number was drawn, and the rat corresponding to this
numbgr was placed on Experimental Diet I. A third number was drawn and
this rat was placed on Experimental Diet iIQ Thié procedure was re-
peated until all 18 animals were assigned to the three diet groups.
Their initial weight was‘recorded in fhe'laﬁoraﬁory:record book.

All the 18 rats were marked:bylusing eaf notches and/or color as

follows:
Rat Number 1 - No notches
Rat Number 2 - Right ear one notch
Rat Number 3 - Left ear one notch
Rat Number 4 --Right ear two notches
Rat Number 5 - Left ear two notches ‘
Rat Number 6 - Right and left ear one notch each ‘
Rat Number 7 - Right.ear one notch, left ear two notches
Rat Number 8 - Left ear one notch, right ear two notches
Rat Number .9 =~ Right earitwo notches, left ear two notches

Rat Number 10 ~ Right ear one notch, red head

Rat Number 11 - Right ear one notch, red tail

Rat Number 12 - Left ear one notch, green head

Rat Number 13 -~ Left ear one notch, green tail

Rat Number 14 - Right ear two notches, red head

Rat Number 15 -~ Left ear two notches, green head

Rat Number 16 = One notch right and left ear, red head
Rat Number 17 - Green head :

Rat Number 18 =- Red head
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Rats number ome through six served as controls, rats seven through
12 were in Experimental Diet I and rats 13 through 18 were in Experimen-
tal Diet II. Three cages were placed together on the carrier shelves

in the laboratory.
Feeéding Procedures

From the beginning of the experiment 15 grams of food was given
daily to each rat in each of the three diet groups. These amounts were
increased according to the consumption of the animals. All animals were
fed ad libitum. Any food not eaten was carefully weighed and the total
food eaten for the day Qas calculated. The amount eaten was recorded
in a permanent record book which was ruled as follows:

Rat Number:

Diet:

Marking of Rat:

Date | Food Given | Food Left | Food Eaten | Wt. of | Remarks

gms. gms gms Rat
gms

Plenty of distilled water was given in the feeding bottles every
day. The rats were ;eighed at the beginning of the experiment and each
successive Tuesday and Friday.

The temperaxure.of the room was maintained at 72° to 74° F. The
room was cleaned every day.

At the end of the experiment an autopsy was made on one animal from

each group to see if there was any internal change in organs. The over-

all length from tip of nose to tip of tail was also recorded.
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ANALYSIS OF DATA

A nonparametric statistical analysis was used to evaluate the data,
The Kruskal~Wallis one-way analysis of variance by ranks was used to
test the null hypothesis that‘thé "k'" samples came from the population
or from identicgl populations with respect to averages. Seigel (69, p.
184-185) outlines the analysis as follows:
In the cgmputatibn of the Kruskal-Wallis tést,»eaghﬁ:
of the "N" observations are replaced by ranks. That.
is, all of the scores from all of the "k" samples
combined are ranked in a single series. . ...When this
has -been done, the sum of the ranks in each sample
(column) is. found. The Kruskal-Wallis test determines
whether these sums of ranks are so disparate that they
are not likely to have come from samples which were
drawn from the same population.,
. It can be shown that if the "k" samplés_actuaily are from the same
population or from identicalvpopulations,Vthat is if/H;Wis true, then
H . . .is distributed as ‘chi sqﬁaré with df=k-1, provided that the size

of the samples are not too small. The formula used in this analysis is

given in>Siegél (69, p. 185) dand is as follows:

2
foo 12 ko Ry - 3 (NHL)
N (N+1) :5: nj - :
Where k = number of samples »
nj = number of cases jth sample
N = ZNj, the number of cases in all sémples combined
Rj = sum of ranks in jth sample (column)

Tk
:E: directs one to sum over the k samples (columns)
j=1

is distributed approximately as chi squére with
df = k-1 for sample sizes (njs) sufficiently large.
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' When there are more than 5 cases in the;variéus.
. groups, that is'nj>5, the probability’associated -

with the occurrence under H, of values as large:

as an observed H may be determined by reference
to Table C of the Appendlx (69 p. 249)

If tres folefith ol between tweuor m@reﬂscofes~the»value»of H is somewhat
iufluencedfbytheee_tles, One may correct for‘tlee rnicomputlng H by
<‘usihg‘thevformula ror H and thentoividihg by (69,lp;-188):- |

. -
‘Where T = t3 - t . (when t_is the number‘ofetieo>observatiohé,in a tied
.group.of scores) | |

\

SN = number of observatlons in all k samples together, that is

ET dlrects one to sum all groups of tles

Thus a general expre331on for H corrected for t1es is:

2 |
12 F R
M= NQED =1 TagT ‘3 )
1 -__‘E}IT_ =
. ",‘N3 N

wTheFeffeCt of‘correCting for:tiesfis to increase the value of H and

thus to make the result more significant thanlitbwould have been if un-
’corrected
By 1nterpolat10n in the table ofx, ordlnates hav1ng two degrees of

- freedom the s1gn1f1cance of the H value can be determlned (69 p 249)



CHAPTER. IV
RESULTS. AND DISCUSSION

7;At tﬁe‘end of six wé¢ks of_feéding, three rats, one from each
 group5 Wefg sacrificed and exaﬁihe&‘iﬁternélly,, CompariSOn of the‘
lungs,.liﬁer; kidney ahd'intgétinai'fréct revealedrno déviation,from »
normal. ‘Présented below is.the-fingl_weightvand over&ll”lengtﬁ of

each sacrificed animal from the three groups:

‘fFinal:Weight .7 Overall Length:
'-;CQnttol“ﬁ e L  ‘ 215* TR 5»1411/2'iﬁchés
Experimental o e
-Diet T _ T ;98.1_; Lo 14 1/4 inches
Experimental : :
Diet II , 219 - . 13.3/4 inches

-Aﬁimai number ten'invExperiment Diét I was i1l from the,onéet of
__the»experimeﬁt-aﬁdbwas‘eliminated‘early»iﬁ;the-sﬁudy,'
b',The-calculated protein-efficiency:ratios'fqr each-énimal and an
aVéfage for each-experimeﬁtallgroup is pfesented infTabie-3.
v.The-proteinieffiCieﬁcy ratios presented in Table 3 were rankedtin ‘

‘preparation'for'analysié”of the data as follows: -
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'TABLE 3

PROTEIN EFFICIENCY RATIO OF EACH ANIMAL
' FOR THE SIX WEEKS OF FEEDING

,,;ggntrdlﬂDietf -

Totél

Weight  Total Protein  Protein Efficiency

Rat Number Gain in gm : _ Consumed Ratio
1 | 177‘ém~" i;103,50?gm | 1.71
2 161 gm . 88.78 gm 1.81
3 206 gn . 108.30 gm 1.90°
4 190 gﬁ, R 104.52 gm -~ 1.81
5 156 gn 104.70 gm.v-: 1.48
6 235 gm_ 124,40 gm Clas
o P - AVERAGE = 11.75 ;
o = Exﬁefiméngél-pié£‘i7'ﬁ" o
7 119 gm } f'~ 80.73 gm 1.47
8 115gm - 74,02 gm L5
9 203 gm | 116.90vgm‘ | 1.73
11 :- 142 gm | 91,29 gn 1.55
12 % gm  74.50em 1.2
- T AVERAGE = 1.51
7 vExpe%imentalﬂDiét 11 . . ‘
13 110 gm .~ 69.00 gm 1.59
14 145 gn 97.83 gn 1.48 .
15 - 112.gm . ':74.46>gm 7 1.50
16 115 gm 77.80 gn 1.47
17 158 gm . 92.16 gm !
18 l63gn _ 90.04gm 1.8

_AVERAGE = 1.59
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n1v= 6 n, f 5 _ n3 =6 N =17
PER Rank PER - Rank -PER Rank
1.71 10.5 1.47 2.5 1.59 9.0
1.81 14.0 1.55 7.5 1.48 4.5
1.90 17.0 1.73 12.0 1.50 6.0
1.81 14.0 1.55 7.5 1.47 2.5
1.48 4.5 - 1.26 1.0 ' 1.71 10.5
1.88 16.0 1.81 14.0
764R, | 30.5=R, 46.5=R,

Substituting the various figures in the formula for H it is:

: . 2 2 2
g o= 12 16)°  , (B0.5)° | 46.57] 4 g
17 (18) 13 5 6

12

59.18 - 54 = 5,18
To correct for ties the value for H' was determined by the fol-

lowing  calculation:

, _ 5.18 . ]
no= 28 | T = 4 (8-2) + 1 (27-3)
48
AN = 2% + 24 = 48
o238 .
= s = 5.23

Going to the table for x? ordinates having two degrees of freedom

the probability of obtaining a t value of H > 5,18 (or H' > 5.23) lies
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bétween 0.07 and 0708' That .is, based on ;he results of thié expéri-
ment one would not fejeét the null hypothesis that the tﬁree popula-
tions of BERﬂsuare:idedticdl;iﬁffavdkaoi‘tﬁéféltéfnativeﬁthaﬁfthe'7.
populationé differ in some respect f@r any significance level less than
about 0.08.

Since the statistical calculations do not éhow any-sigﬁificant
differences in the three'diets, the three general hypothesis must bé
rejected. However, comparison of the feeding.charts showsvthat the’
daily fdod‘intake among the three groups were not the same. The Ex-
perimental Diet i was the least acceptable.‘ This might be due to the
oily appearance of the diet, the flaygr of fish proteiﬁ or laqk of
‘'some B vit#mins since no vitamin ;oncent%até was added. If eqﬁal
amounﬁé of food had.been eatén daily by all the'gfoups this might make
the PER values high.ehough to make them significant.

A second factor which could have affected the results is the num;
ber of rats in the different groups. Only six raté were used for each
group.> In Experimental Diet I one rat w#s éliminated because of ill~
ﬁess of unknown origin. Séventeen rats, that composed the total popu-
lation in the experiment, is a smallvgroup$ which was not large enough
to prove any.statistical significénce. -Increasing by two to three -
times the number of animals in each group might make the results
significant.

A lower percentage of pfofein in the diets may be a factor which
influenced the resulté° The three diets had a protein content at the
18 to 19 percent level, whereas Griffith and Farris (23) recommended a
25 percent level of proteiﬁ for good growth. ' But there-is evidence in

which the:experimenter used only'a 10 percent level of protein and
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obtained good grdwth (7,35,36), Since there is a scarcity of protein
food in Pakistan the higher level did not seeﬁ to be advisable in this
experiment., However, if a 25 pércent level_of protein is fed it might
produce PER values of significance without changing the sources of

protein used in the diet.



‘CHAPTER V
SUMMARY AND RECOMMENDATIONS

The aimvof this study was to compare the efficiency of a vegetable-
protein mixture and a-ﬁegetable-protein mixture fortified with fish pro=-
tein concentrate. The two experimental diet mixtures were composed of
legumes, seeds and cereals that are-available in Pakistan. Seventeen
rats were fed the diets for a period‘of siX'Qeeks.

The visual observation of the rats during the experimental ‘period
did not show much difference among the animals receiving Experimental
Diets I and II. The Control Diet was readily acceptable. The rats in
this gréup ate more food daily and gained more weight per week than the
'experimental animals. ExperimehtallDiet I was the 'least acceptable of
the three diet mixtures., Rats:in this group gained the least weight.
The rats in Experimental Diet IT showed fairly good growth. The over-
all condition of the rats in this'group was suﬁerior to the animals on
Expérimental Diet I. Statistical calculation did not show a signifi-
cant difference in the protein efficiency ratios among the three diets.

Protein efficiency ratio differences might have been observed if
the rats in all three groups had consumed the same amount of. their
diets daily. Use of a considgrablyvlarger sample of animals in each
-group might have. shown significant differences among the three mixtures.

Since the: two diet mixtures were good  enough to-suppdrt life and

growth of white rats, they can be recommended for human feeding if the



-total frotein content is increased to: 25 percent or more. Vitamins
'which-thg fakiStani peopleiget.through leafy greenJQégetables m@yvmaké'
these mixtures more efficient. |

Experimenté-with such a small-numbér of_animals areinot,vaiid
-enough to pro&e the efficieﬁcy of these dieﬁs. Since it is not pos;
" -sible for one persoh.to'héndle gilafge numbér of rats;‘pontinued’v
.rééearch in the area is highly'gécommended. rThe»éﬁthor thiﬁks thatjit
will be wise to try this same combinétionvof'ingredients but to ine
“crease . the perceht of protein fed. -Care~should bé»taken to maintain
ﬁhe-samefratio of esseﬁtiél amino acids as in this study. !It is also
suggested that the composition of food in Experimental Diet I be
chaﬁged'td lessen the oily-apﬁéaraﬁgéiéf this:diet in an effort to .
inCréase acceptéBility; 'Vifémiﬁs‘méy”Bé:a&déa‘fb both éxperimenta1
diet mixtures in ngtural fofm by‘uﬁing greeﬁ ieafy-vegetables

avaiiable_in-Pakistan.
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TABLE 4

SIX WEEKS RECORD OF FEEDING THE CONTROL DIET
“(Animal Neo. 1)

o Food Left
Ear Marks Date Weight Gain . . Food Given Over - _Food Eaten Remarks
No Notches 1970 _ grams grams ' grams grams
March

11 59 15 11.7 3.3 Normal and Active
12 15 7.4 7.6 Normal and Active
13 64 15 6.3 8.7 Normal and Active
14 30 11.6 T 18.4 Normal and Active
16 o 15 3.9 1.1 Normal and Active
17 92 15 2.8 12.2 Normal and Active
18 ’ 15 3.8 11.2 Normal and Active
19 15 2.7 12.3 Normal and Active
20 114 15 3.6 11.4 Normal and Active
21 30 7.0 23.0" Normal :and Active
23 15 1.2 13.8 Normal..and Active
24 - 136 15 2.1 12.9 Normal and Active
25 15 0 15.0 Normal and Active
26 . ’ : 18 8.1 9.9 " Normal and Active
27 147 , 18 6.1 11.9° Normal and Active
28 ‘ 36 11.0 25.0 : Normal and Active
30 18 2.2 15.8 ‘ Normal and Active

6.3 11.7 Normal and Active

31 164 18
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" TABLE .4 (Continued) * Animal No. 1. -

%;H'-FoodgLeft

o Ear;Marksbiv7'Date:> -Weight Gain -'-Foo&jGiVén' . -Over - Food Eaten . Reémarks

K gﬁNdrNotéhéé . ; 1970:;i " grams . vi~ugréms' L gréﬁs' o  grams
e o oapril on e RS L ,

S 18 2.1 15.9 Normal and Active
o T 18 7.3 .. 10,7 =~ Normal and Active
-~ 170 18 . 3.6 . 14,4 - - Normal and Active

L L 36 e 8.5 S 27050 Normal and Active

N W N R

ST S 18 6.4 J11.6 .. . . Normal and-Active
186 . 180 i e A T e
oo 18 7,00 11,0 - ‘Normal and. Active -
Sl 18 R g2 /13;8 1 <+ Normal and.Active
» o 360 e 1204

R R I

P

--23.6. ' Normal and Active

: 13.9 f   ,Norma1 and Active
12,9 Normal and-Aetive
“13.0 ~ ©  Normal and Active

13 18 4
L s 1
o ,
.9 . 16.1 Normal and ‘Active
5 E
2

N S 202 18 5
15 S 18 e s
6 PRI 18 . o 1
17 o 217 o 21 T
7

, : : S '16.5 .~ Normal and Active
18 s T,

24.8 ' Normal and Active
20 0 2270 21" " 82 12.8. Normal and Active
R w21 89 1241 - 'Normal and Active
S22 e 2l 6.6 e 14040 Normal and.Active
23 0000236 DU Lo ‘ . Terminated Weight .

1l.6 7= Normal,and.Agtive'»*h

"5-16.5""]j?;5Norma1uand,Activeff”

19



_TApLEA¢~(Co#tiﬁﬁéd)ﬂ—fAhimgl NG 2 e

R s e B T o 7 T2 R s S e O A R Pt
- Ear Marks- " -Date ' Weight Gain . -~ Food Given " - Over ~ - Food Eaten _ Remarks-’”*fiﬂf'ji“ SR

IRight 1970 grams . grams geams  grams
Sl Mareh o - T

) ,NOrmal»”and Active
“Normal-and Active -
',Normal and Active -
- . Normal and. Activei . .

11 .56 15 e 8.9
C A3 88 cr L 1S e 5,0
L& e 300 1.3

e Normal ;;andz.‘Acf‘t ive
¢ Normal and Active
 Normal and Active
Normal and Active . -
“Normal and Active -~ . 07

LT e 92 e 5 e e B
4.3
0.5

02000 106 LS e

s j.'f'i"fg‘V’L'l.’ i5‘ 5
o4 129 150

2.3 " Turned food upside down . =
B L e NP [ RPN R P R

7.3

6.7

‘Normal and Active -
“Normal ‘and Active. o
‘Normal and-Active = =7
" Normal and Active - - .

26 o8
L2700 138 o o180

31 .. 16 - - 18 57 12.3  Normal and Active




TABLE 4 (Continued) - Animal No. 27

Food Left
... Ear Marks Date Weight Gain Food Given Over Food Eaten Remarks
~ 1-Right 1970 grams grams grams grams
1 18 7.9 10.1 Normal and Active
2 18 10.1 7.9 Normal -and Active
3 150 18 10.5 7.5 Normal and Active
4 36 19.7 16.3 Normal and Active
6 18 7.5 10.5 Normal and Active
7 161 18 9.0 9.0 Normal and Active
8 18 9.1 8.9 Normal and Active
9 18 4.0 14.0 Normal -and Active
10 - 166 18 1.7 16.3 Normal and Active
11 36 12.2 23.8 Normal and Active
13 18 6.2 11.8 Normal and Active
14 193 18 6.2 11.8 - Normal and Active
15 18 5.4 12.6 Normal and Active
16 18 . 5.0 13.0 Normal and. Active
17 . 198 21 11.7 9.3 Normal and Active
18 42 16.2 25.8 Normal and Aetive
20 21 9.4 11.6 Normal and Active
21 217 .21 8.5 12.5 Normal and Active
22 21 9.7 -11.3 Normal and Active
23 217 Terminated Weight

€9



. TABLE 4 (Continued) - Animal No. 2

Food Left =
L Qver .

" Remarks

if”t5*'LEaffMafks-.if*Déte'f"aWeighthain":ﬂdeodHGiven -

o l-Left -

A1
120
R 1 INEI
R

Lol
';L]17 Dol
18
- ~_“¢l9f"”
: ; .20‘:» =

23
2
B 26i#‘f}
T

28

30
o

ﬁ ;,;Mgrgh‘,;f<"'

_grams..

55

' ;68' .: 

e

"fllg;

v’?126¥“;g,

130

161

15
.15

15

15

18
- 18

36

18

18

- grams:’

._Jl_3o :

15

;;515v‘
15
15

30

15

T

ET T

O P over

© G B G
o o . o o o . &

“00 OV O BN W

S ORI

wweoo

[

N W W

& © .
LN LW N

a

°

grams

09 O

__Food Eaten

. grams

8

-

O OO

oLk
SO N NO

') I

, = -
N N0 W
o

)

[ R,
o -
00 UL~y 00 N

ey
v B
L) a4 .

TN

-Normél

Normal

-Normal-
Normal.

. Normal
" Normal
. ‘Normal
" Normal:
. Normal

Normal
Normal -
 Normal
“Normal
.~ Normal
“Normal

Normal

‘Normal

and .
and.

and

and

aﬁd

-and
-and

and
and

and .
,aﬁdu

and.
-and

and
and

and:

and
and-

Active -
Active

Active

Active

Active

Active
Active

Active.
Active

Active

Active -

Active -
‘Active - .
Active

Active

Active

Active -

Active

9o
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BERT ;TABLE;4?(Cbntiﬁuéd) e5Animal'N04:3'

:fOQd_Leftﬂ.“';ﬁ,

‘jv{Ea;"Maka ' Date . Weight Gain: " Food Giyeh7‘ 

3fﬁ_ :14Léftf

11970

TR N

. grams
April - e

173

210 -

232

248

tzélf_.

'Tf24b'

]

18 -

.grams. - .. .

18
18

18

" 18.
18-

36

‘18

21

21

P IEE
o2k

- 21 e

co21
21

18 -
36

—

- Qver -

grams .

v

=

hﬂu.b;

o
W o wn

N CENNE RV
A0 O 00 WO

‘p7p5m_o(d\9”zg
N ONP O~

SR

. -Food Eaten = -

grams

13.5
13.2

176

30.7

: 12,1
15,2

154

SO B T R
28.3 "

Remarks =

Normal and

Normal.and

 :: NormaIxand

Normal-and

" Normal and
- Normal and
" Normal and.

'_Normaiwand
-, Normal and Active .

Normal and

" Normal' and
' ‘Normal and
~ Normal -and.

" Normal and
" Normal :and
. Normal and

Terminated .

Dump. the Food Jar ~ =

' Active .
L}vNorma1 and=ActiVefv

Active -
Active ,
Active -
Active T
Active -
Active

Active

Active
Active
Active

Active . ..

Active

Active

Active ' '._; ,
Weight .



' TABLE 4 (Continued): -:Animal Nou 4 =

Food Left T

- Qver

- 5

=Right |

1970
£ March.

11
12
13

16 -
17
20

23

2570

26
27

28

‘30“!:_p

31

.. grams

56

T4

116

136

157

171

. Ear Marks . Date  Weight Gain ___Food Given

grams. v

15
15

":15.”

15
15

15

15,l"”

15
15 .
15

- 18 T
18 s

86

18

v 718.’:ﬁ> N

grams. -

RN

O

W

SO R E W

-

o e

TN N0 00 O

-o‘\ W = =0 0o

’E,Fbod Eaten

grams -

' Normal

- Normal:
. Normal
- “Normal
‘Normal

. Normal.

‘Normal
- 'Normal

» - Normal
-..'Normal

Normal

Normal'

Normal
Normal

Normal

. Normal

»NofmAI
. Normal

" Remarks

and
and

_and'
and

and

and’
and .
an@:

and
and

and

and

‘and.

and
and
and

and

and

Active
Active
Active .
Active -

Active - . o
Active
Active
Active -
Active 7 .

Active

Active ™ - =
Active -
Active
Active -
Activef)_A S
Active

Active

Active il




TABLE 4 (Continued) - Animal No. &4

, Food Left
- Ear Marks Date -Weight Gain " Food Given ‘ Over Food Eaten Remarks
2-Right _ 19760 grams grams grams grams
April ‘
1 18 1.1 16.9 Normal and Active
2 18 5.9 12.1 Normal and Active
13 181 18 8.5 9.5 . Normal and Active
4 -36 4.4 31.6 Normal and Active
6 18 9.2 8.8 Normal and Active
7 . 201 18 2.7 15.3 Normal..and Active
‘8 18 5.1 12.9 Normal and Active
9 18 b 17.6 Normal and Active
10 219 - 21 6.7 14.3 Normal and Active
11 42 12.4 29.6 Normal and Active
13 21 10.6 10.4 Normal and Active
14 -230 21 8.5 12.5 Normal-and Active
15 21 9.1 11.9 Normal and Active
16 21 5.7 15.3 Normal and Active
17 240 21 7.6 13.4 Normal and Active
18 » 42 22.2 19.8 Normal and Active
20 21 9.1 11.9 Normal and Active
21 242 _ 21 8.6 12.4 Normal and Active
22 21 10.7 10.3 Normal and Active

23 246 Terminated Weight



. u’IABLE 4. (CbhtinuedxéjAnimal No,;S"%»ri

N T L o B _‘Food-Left' BT sl .
. Ear Marks .,'Date‘ Weight -Gain Food Given Over ~ - ‘Food Eaten. = Remarks

C2-Left . ' 1970" - -grams ""j .ﬁ]‘grams_’ ": grams < - gfamé
- ) . March- B L B I R T TR L

2 ' Normal and Active
6 . " Normal and Active
.8 Normal and Active
4 ~ Normal and Active

11 . 59 ... 15 8.8 .
C12 T T S 5.4
Soe13 74 o150 . 5.2
T o 300 9.6
16 e 1 3.9 ".11,1° - Normal and Active
17 98 o 15 b 73,3 :11.7 - Normal and Active
18 U e e 15 4,00 ©+911.0. - Normal and.Active .. .
190 oo 15 34 0 11,6 - o+ Normal and Active .-
2200 1150 T s 1.0 14, '
21 Sl 300 7.5 ©+ 22,5 Normal and Active
Lo23 L e 15 e 0 15,00 °  Normal and Active
24 o 143 . .- 18 . - 5,0 .- 13,0 . Normal and Active
L2500 e 180 : 4.9 - 13,1 - Normal and Active
26 . o oo 018 - 5,9 1201 - Normal and Active
27 ~1430 Lo 18 e 6.0 - . - 12,0 . . Normal and Active
“28j' DI ol o 360 o 10.5 25.5 Normal.and.Active"

13,9 Normal and Active

43 . 13.7 .. Normal and Active

31 157 . .18

14,000 - Normal andvActive'fT'L":"' '

89



TABLE 4 (Continued) - Animal-X

" Food Left

- Far Marks 71._Date:"LWéight Gain3hb TFood Given . Over. ,Foéd,Eaten"_f%Remarks",

””" *2%Leffv"f 1970 gram .. f7-gram--;["',» ‘gram  gram
R  2;Apri1  _ » _ HETER Do e S I

 Dump the Food Jar ' °
Normal. and Active " -

- Normal and Active

"Normal and. Active

=

TR U o
= R RN R

18 3

o o189,
162 . v 18— 2
o 36 .11,

W N

O N o
N

' S _ 63 11.7 ° ' Normal and Active
174 - 18 5k "11.6 ¢ Normal and Active
Lo 18 e Bl 11.47 ' Normal and'Active
o S 18 ;,“ﬁ' GG oo 13060 Normal -and Active = -
U718 o 18 e 2 13.8 - Normal and.Active:
e o 36 10,8 25,2 ' Normal and Active

18

AN

13 o 18 4.9 © ¢ 13,1 .. " Normal and. Active
Sl 1920 18 e 52 - 12,8 - ‘Normal and . Active
15 ‘ P 18 4T 013,10 ° Normal and Active
16 _ 18 e 207 15.3 . Normal and Active
17 2040 2] C 6.8 14020 Normal and Active. .
18 T k2 ; 16:9 25.1 . Right side is out _
SR T el Lo . o of fury everything -

A big pateh of -fur
‘missing; it increases

~ little; it seems patch -
‘will develop on other

: . B L. - .. -side too , ’

~23u - . 215 : - e e T . “Terminated Weight

20 S : :{:  ;*_21 _ 4
21 . 213 - .21 6.
.22 EETETRS N ’ -9

B
)
RN

69



"' TABLE 4 (Continued)- Animal No. & =

'iFOOd'Left'

. Ear Marks  :‘Dété  . Weight Gain  E{Food,GiVen i Over FoodeatéﬁfﬂffReﬁarks>‘

o 1-Right 1970 grams . . ‘grams . grams grams
Cood-Left oot March U ol e e e

11 - .- 58 ¢ . 15
So12 o ’ S CoTe 15
13 69 15

L R 1)

LY

. Normal and Active

G W

5

.7 - Normal and Active -
9 = .

1

OO NN
NN

i e

16+ L 15 ' .Normal and Active
17 94 o 15
s s
19 L 1

20 114 s

21 , 30

e b

RO RN N

Normal -and . Active

8.8
12.3
10,300 Ad - o
12,9 .. Normal and Active
13.0 d
25.8 ©.Normal and Active

P N SR

14.9: 7 - -Normal and Active
17.3. ' Normal and Active
. © " " Normal and Active-

16.7 ~ - . Normal and Active
©14.0 - Normal and Active

23 s

24 . 146 - 18

25 18

26 o T 18
Se27 o 167 = .18
28 36

o &

4

=
Ui
o

Normal_énd'AétiVé;

30 T 6 ' » |
"17.8 -~ Normal and Active.

31 1920 . 18

o N
Y ° -
N
‘ =
U1 N

(o))

Normaliand.Acfive;v7 '
Normal and Active -~

‘:}'NbfmalfgnduAéti?e7fJH
“Normal and Active =

130.2 Normal and Active ..

oL



. TABLE 4 (Continued) - Animal-No: 6

T R . Vel ) ° 1 »FQOd Left o R
-_.Bar Marks . Date - Weight Gain ' Food Given - Over .~ Food Eaten _ Remarks

”fl=Righf" 'u ;;’1970 o 'giaméj . grams vgréms_‘iv’r 1gfamS ,
oo lsLeft - 0o cApril oo SRR o ' L L
‘ _ 21 19.0, 'Normal and Active
199 2l

. T . Normal and Active
42 11

30.4. - '- 5 . Normal and AétiVe“‘

CRWN e
- ON 00BN
& e 3
e e T S
'—l
~
™

R VAN . . Normal and Active
.15.6 .. . Normal: and Active
© . ‘Normal and Active

©13.9 ... <. - Normal and Ac¢tive
14,8 .- " 'Normal and Active -
30,1 . . Normal and Active

C218 2L e
g

w1 o

W e e N
WO~
N
o
.
=

L2352l
co L2 1

Bl =B ~Ble - TL N R B
TR oy

B T DI

A3 21

4 254 2L e
15 B T TRL R
16 S 2
‘17 o 268 24 0
18 R 48 S 12,

17.6 . . Normal and Active
18.3 .- Normal and Active -
» : ~ Normal and Active
. 20.3 . -Normal and Active
1743 '~ . Normal and Active
. 35.5 o Normal and Active -

NN W

e e e e
U SO

}_I

oo

N

Jd

N o

200 s 2]
S21 . 288 ¢ 2l
23 293

;17;6 7 _ Norméi‘and Active
3. ‘ Normal ‘and Active
16.5 ~ " ~Normal and.Active

o w
RE RN
()

w

12,9 Normal and Active

Terminated Weight o



. TABLE 5

.'H SIX WEEKS RECORD OF FEEDING THE EXPERIMENTAL DIET I
: : ' (Anlmal No 7) SRS

Food Left

- :EarfMarkS»f : Date f: Weight Gain “Food Given. - .- Over — Food Eaten ' Remarks

LRight 1970 i | | e : |
2-Left .~ .  March ‘grams - grams .. grams . . grams

D \

" Normal and Active

11 . 58 15 |
.- -Normal and Active.

S13 65 : ‘E-”"<‘l5"
L 30

O OO~

oo w1 N o
oL~
e o i) Ce .

N Uioo

S

Y0 00N 0,00
e
O NN O N

.Normal and’Activeg,

Sol6 s
17 720 e 15T
E'Els s : o o - 15 S
19 LT 15
20 - | 78 s

21 300 B

. ‘Rough fur w1th
. slight. yellow.:
‘color - : E
Rough fur w1th .
‘sllght yellow o
” color

Lo N Loy w
Y : . ‘¢ -
P00 N 00 D W

23 _ 15
2450 99 .. 15
260 A

) 5 .
= O N
00 ~J'00 O

s e e
O O 00

Loy 000Gy L
PRGN

~
&
~
N

"Fur looks much =
S ~ improved '
27 106 15 e ‘ S
28 et 30 - 12.

Ft
[
~
\\e]

30 . 15

S . 11,0 Fur looks normal -
R B 15 e T

POy B
wo.

Normal ~and Active .

aL



TABLE 5 (Continued) - Animal No. 7

» : _  Food Left-
Ear Marks Date Weight ‘Gain Food Given™ Over Food Eaten Remarks
" 1-Right 1970 _
2-Left April - GLams - e grams grams . grams
1 15 6.1 8.9 Normal -and Active
2 = 15 - 4.5 10.5 - Normal and Aetive-
3 120 v 15 2.5 12.5 Normal and Active
4 30 12.9 A7.1 . Normal and Active
) ) 15 5.0 10.0 Normal- and Active
7 130 .18 8.2 9.8 Normal .and Active -
:] - 18 7.5 10.5 Normal ‘and Active
9 ’ : ' 18 9.2 8.8 Notmal and Active -
10 134 18 7.7 - 10.3 Normal and Active
11 36 7.4 28.6
13 o 18 4.5 13.5 Normal and Active
14 146 21 8.4 12.6 Normal and Active
15 21 10.8 10.2 Normal and Active
16 , .21 9.4 11.6 Normal and Active
17 - 154 , 21 11.7 9.3 Normal and Active
18 : 42 15.6 26.4 ‘ Normal and Active
20 21 3.9 17.1 Normal and Active
21 170~ 21 5.1 15.9 ' Normal and Active
22 21 4.2 16.8 Normal and Active
23 177 Terminated Weight

€L



TABLE 5 (Continued) =~ Animal No. 8

Food Left
Ear Marks Date Weight Gain Food Given Over Food Eaten Remarks

1-Left 1970 v

2-Right '~ March grams grams grams grams
11 58 15" 7.5 7.5 Normal and Active
12 15 9.5 5.5 Normal and Active
13 63 15 9.3 5.7 Normal and Active
14 . 30 18.6 11.4 Normal and Active
16 15 10.7 4.3
17 74 15 8.4 6.6 Slight rough fur
18 15 9.1 5.9
19 15 8.1 6.9 Seems better fur

today

20 82 15 v 6.8 8.2
21 ) 30 13.2 16.8
23 15 7.2 7.8 Improved
24 97 15 5.9 9.1
25 15 4.0 11.0
26 15 5.3 9.7
27 111 15 4.5 10.5
28 : 30 23.1 6.9
30 15 7.2 7.8
31 115 15 4.3 - 10.7 Fur looks normal

VA



TABLE 5 (Continued) - Animal No. 8

i

: Food Left .
Far Marks Date Weight Gain Food Given Over Food Eaten Remarks A
1-Left 1970

2-Right - April grams - grams - grams grams
1 15 7.2 7.8
2 15 3.1 11.9

3 122 . .15 8.5 6.5 Normal and Active

4 30 12.8 17.2 Normal and Active

6 15 2.9 12.1 Normal and Active

7 132 18 10.0 8.0 Normal and Active

8. 18 7.8 10.2 Normal and Active

9 L 18 5.2 12.8 Normal and Active

10 136 ' 18 8.4 9.6 Normal and Active

11. 36 16.7 19.3 Normal and Active

13 ) 18 8.8 9.2 Normal and Active

14 144 21 9.9 11.1 Normal ahd Active

15 - 21 9.2 11.8 Normal and Active

16 21 12.8 8.2 Normal and Active

17 154 21 10.7 10.3 Normal and Active

18 - 42 18.9 23.1 Normal and Active

20 : 21 8.9 12.1 Normal and Active

21 © 165 21 11.8 9.2 Normal and Active

22 21 4.1 16.9 Normal and Active

23 173 Terminated Weight

QL



.. TABIE 5 (Continued) --Animal No: 9

T ERIENL Ly S ffF¢5ﬂ5téfﬁTf:lf1::".r;-_“> e
. Date’ - Weight Gain:' = Food Given _ .. Over: -~ ' Food Eaten .  Remarks -

..o grams - -

' Normal.

~J

N

H

(V]
S oy i
R T ) ;
o b o

 -i.921>T~:€‘f¥,»315 © Normal. o

. :iN§fma1:aﬁde¢tive1f
. Normal and Active .. =
“Normal and Active = '~

S106° 15

s a

st
wn
E3 3 Y . ¢

13,7 Normal and Active
1107 o - Normal and Active -
- 14.7° -~ ' Normal and Active
- " Normal and Active
. 16.6 . . - Normal and Active
28.3 'Normal and Active

L

[\
N
’—A
W
6. o ‘s s e ° )
CLNIR WW W W
=t
~
~

oo s a5

N

o
N
(o) 2
S

15,3 ‘Normal and'Active
o Normal  and Active. -

(%)
(aw)
. i
0o
W N
o~
= .
4_\ .
[
N



- TABLE 5 (Continued) <. Animal No. 9 -

"~ Food Left,.F'5;

" Far Marks . . - Date " Weight Gain "‘ Food Given 'ﬂ_ Over TFood Eaten  Remérks--

S U2-Right . 1970

*‘Z*Left' . April Egréms R f_gfams Lo grams '_; 7,grams>

18 Normal and ‘Active
18

187 21

s b2

17.
17.
19,
35,

Normal and Active :

W N
N O
LOoONOQ W

O WO

15, ’ ‘Normal and Active
17, '
17,
R &7
18,
24,

6 o IR ) R
7. 2020 o2l
8 L R ~{Lv,'- 217
S SRR
0
1

)

VN ooy

{

Normal and Active -
213 00 w24

‘~Dump food jar

13 PR PR
226 00 02T
15 . R Y
6 L 27
C170 234 27
18 oo 54

20,

- 18.
12,
. 16.
4.
25,

L

SO0 N Y 00
o e e s .
NNONNO
OWOLWWo

N et

~

7.
146
16.8

200 Y
©2Lle 0250 27

2200 27
2% 2600 |

= =

L O N

ORI E
o)

9

',Termiﬁated Wéight

Normal and Active

" Normal and Active'jff’; 

" Normal and Active»r{“‘

'Normal and Active . . -
Normal ‘and Active': "

LL



. TABLE 5 (Continued) - Animal No. 11

~Food Left

v"1:Ear'Mérks“v~5'Date£H- Weight Gain:‘e-7Fobd Givéh» 2 Over _Food Faten ‘Rémafksbll )

o L-Right' . 1970 T Cooennd
. Red Tail ~° + March .~ ‘grams .+ grams . - “grams grams .

o1 o 56 15

Normal

RN Rt

- Mucus in the right eye

B R e R SRR 5
i A R RN L X ) T X
I8 o 15
C19 s o s
L2092 e LS
21T e 30

Right eye'bettér :‘

’ Nﬁrmaivand_ActiVefv‘
Normal and Active

® 1o Vi

9

9 L :
21 . Eye OK
1

1

VOO w

12.0 . Normal and Active
9.6 . ¢ Normal and Active

- Normal and Active

©11.7° " Normal and Active.

10.7 - .- . Normal and Active

25.8 . . Normal and Active

o230 s
2% o124 oo 150
25 15
260 R 15
L2700 141 o T 150
L2830

S R AT I
N WG e
'—l
7e
v

. Normal and ‘Active

%0 s 11. =
'12.4 - “Normal and Active

310 s

)
- ov oo
s
'—l
S

8L



' TABIE 5 “(Continued) - Animal No. 11

T 7 Food Left s R
Weight Gain - Food Given °  Over . Food Eaten .. Remarks

“ Ear Marks_ - Date

~. Red Tail . . . April- .- " -grams - . . grams. " . grams . - grams -

- 13.8 ~:"iNormal and Actlve e
13,9 _Normal and Actlverf'3,;'3.:,l» 3
: Norma1 e e

N T A s & R
o183 I8
S 36

G e
A
° L
o N
=
N
i

6 RO S P .
7 L1650t 18
S8 18
0« 165 o188 T
1 S 360 L

R - e SRV S U
g - .. N LR e

“ii N6‘gaih, éK;;1 ;

00 W0 N 00 O N
=
o
o

EEREE - BT

R T R P R S
L6 21
7 l7e 20

e
e . 8 . e °
— O W N N

B
FON B O N
,—I
N
o

B ECRE

2L 8L e s 20 G 12,8 _ _,}thtle mucus rlght eye; e
S22 e = 13,90 Eyes OK - RS NTREC R
23T TL98L e e s ‘“]'Vj{,Termlnated Welght L




S TABf315E(QoﬁpinQed);f»Animal'No,-IZ.'V

R 'Foéd‘LeftT 

. __Ear Marks ~ Date

1-Left .
.. Green Head

1970

March

11
C12
13

16

: ‘19  Qv

200
21

23

2k

25

27
28

7.

a::grams
56
'—' x66"
80 -
'84

': '102f :vi =

114

Weight Gain _ Food Givén- ..
grams. .

15

15

75,30.;, o

15

15

15
15
30

- .15
© 15 S

15

15

15 -

30

15

15

W00 NN
.

o o
SIS

oy oo o -

W

R LT"00 ~J 0
CLN~N WO .

Qver-

“grams

° K .
O =0

Lo B W

o,

grams -

FoRV- NSRS

FNOWNO S WRNON VO

_ s

,”'Rémarks"“'”z

_. Normal and Active
" Normal and Active

 :,Very's1igHt:rougH fur..f .

'Ndfméivfur"

’ Norméli_f
- ‘Normal

Normal

~ Normal
',Normal‘
‘Normal

. Normal



TABLE 5. (Continued) - Animal No. 12 .

Food Left

Ear Marks Date Weight Gain Food Given Over Food Eaten Remarks
1-Left 1970
Green Head April grams grams gram grams
1 15 6.5 8.5
2 15 6.1 8.9
3 118 15 4.7 10.3
4 30 17.8 12.2
6 15 6.4 8.6
7 116 18 6.0 12.0 Weight loss
8 123 18 7.0 11.0 Weight gain
9 18 8.9 9.1 Dump food jar, OK
10 123 18 . 13.4 4,6
11 122 36 12.2 23.8 Normal
13 18 10.8 7.2
14 127 21 9.0 12.0 Normal
15 21 10.9 10.1 Normal
16 21 9.5 11.5 Normal
17 138 21 9.0 12.0 Normal
18 42 17.2 24.8 Normal
20 21 6.6 14.4 Normal
21 146 21 12.3 8.7 Normal
22 21 7.1 13.9 Normal
23 150

Terminated Weight

18



3'TABLE6E

SIX WEEKS RECORD OF FEEDING THE EXPERIMENTAL DIET II
' (Anlmal Nb 13) E

= : R _ e ‘ - Food LeftE v , - R
. Ear Marks ... Date - Weight Gain _ _ Food Given . _ Over _Food Eaten __ Remarks

l Left '.Hv'v f 1970 gramé, grams I grams o grams
;,.Green Iail.-__f March ‘ ’ : ’

'Normal.andgActive~";'
~.Normal and Active - =

Normal ‘and ‘Active -
1DNormal‘and!Acfive°g*”l

11 56 - - 15
12 s
13- 83 15

B U 30 -

R R
L) ° a
‘00 L = N

G0 0. Ur o
) ¢ e Ve
[CN%, VR

'_I .

‘Normal and Active - . .
©  Normal .and Active :
" ‘Normal and Active
~. Normal .and Active
.-Normal and Active
Normal and Active

sl o e e 15
At ¥ D I R £
18 PR 15
L T
200 - 79 15
21 o 30

= e e
© 004 00° 0010 -

Y

U B o ol
oAU
U1 ON O

230 15

SN 24 83 . . 15

S 25 L R 15
o270 83 o 150
o280 ' - 30 .

‘Norpal and Active® -
Normal and Active
‘Normal and Active - -

" Normal and Active .
Normal and Active
Normal and'Active

e

.

s

ONOMNRO

U0~ OO0

T
U ov 00 B O
O WO D O

o

 Normal and Active
‘Normal and Active

: ‘31:,3 :FIIQS_,» : S

A

S oo
0o

Z8



'TABLE 6 (Continued) - Animal No. 13~

~Food Left

‘: ‘Far Mafks': “Date WeightyGain'i _Food Givehtf “Qver . 'Foodanteﬁ.z. Remafks:

_ fisLeft v'.7”>,‘j197O  ;‘.j’gramé S ‘grams f},   7 . grams - »: : bgrém§;7
'{'Gfeen,Tail o April o o A : o

9.9 Normal and Active
7.0 . Normal and Active

10.0° . Normal

18.5- . - - ‘Normal. .

15
99 . 15
: o 30

Lo
SR U
S

S~
SO O R

" Normal
’:Ndrmal_

15 8

1 .

.5 . Normal
9 h

2

1

16 18

R £
12l 18
%6

‘uNormal‘f
* Noxmal . -
Normal:

N S S-S -

oo ol £ D
© W= 10 N

- K]
NN O
=
o

" Normal
.Normal
Normal -

13 SR S 18 3
' 0
'16.4 -~ . - Normal
3.
3

14 0 128 N 18 -
16 ' . : B 21 e
170 139 0 2l

OO N

.

Normal
 -Normal

=

200 6.6 . Dump the food jar .-
21 152 o 2l TR :
YRR R : ,v-21:'

oo
~ o~
=
w1
w



. TABLE 6 (Continued) - Animal No. 14

‘_EEaf,Maka . “‘Date‘f 7Weight.Géin e Fdod.éivén 'r‘ -Overf, " Food Eaten Remarké;”f

.';\QQRightg i:"lgi970':f_“ fgraﬁ§:’ . grams o . grams - _:'.':gfaﬁé:vf'

7.1 ‘Normal:.and Active
7.5 . - Normal-and Active
8.2 . Normal and Active
8.5 . Normal and Active

o111 60 15
13 70 S 15
L4 oo 80

.

S NN

" '_l

NG Lo G

16 o 15 . Normal .and. Active"
17 . .88 - .15 .
8 s

T L o115

S200 0 97 S 15
21 30

PR

0 00 Wi o

“Normal:and .Active

e

9.1
9.5 |
L 877 7 Normal .and .Active
9l il
9.7
2.9

s e,

’ Normal .and Active '

11,8 0 Normal .and Active
11,1 Normal and Active:
S12.1 ©  Normal. and Active
: o Normal and Active .
11.8 . . Normal and Active -
28.6° .. Normal and Active .

2 A
S 24 L0118 0 o 15
.jf525:*" . v.»»'».—‘v,'v 15 )
260 S5
270 128 & oo 15
28 o 30

DY

W N W,
TR NN O O
—t
N
1)

31 - 143 - :15 :

s
N~
—
w
o 0]

Normal and Active

~ Normal and Active . -

Normalhand”A¢tive”'v

_13?3 .'v ": Normal and Aéti§é f:'

w8



TABLE 6 (Continued) - Animal No. 14)

- Food - Left

.__Ear Marks _ _ Date’ Weight Gain Food Given = . = Over " Food Eaten . - Remarks

S 2-Right: » - 1970 . grams . - - grémsf?  7“ fjgréms o prams-

~"Red Head - - - “April ' IR A IR o
12.8 .~ Normal and Active -

~13.5° .0 Normal and Active

15 -
: S 53
150 .15 S

O~ U

BN
I N NV Sy
L} Y e .
TR OO NWO

27;0, .+ 7. ‘Normal and Active

1301 -~ Normal

- 16,3 . . ' Normal

©.15.0 - - . Normal
2 13}4 ”-ﬁ-‘f _Normal
27140 . Normal -
24,6 . . /'Normal. ..

T : L5 e
165 . 18 -
B .36 B

T IR T

©13.1 " Normal
11,6~ - - Normal
<1601 " Normal
14,4 - Normal
16,4 ~ Normal - -
25,5 Normal -

I3 e 18
14 192 18
CAS e 18
16 S 21
1z o198 2l e

BN . N S A N N rop e
¢ s e 4 e . .
oY VO PO

S 17,1770 Normal . -+
-~ 11,9 -7 . Normal
156+ Normal . - .
- . 'Terminated Weight

20 T e ]
o210 2020 0 21

220 e S 2L

23 . 0205 0 0 ’

Ut O W
ST
N =0

4.3 Normal and Active .



TABLE 6 (Continued) - Animal No. 15

Food Left
Ear Marks Date -Weight Gain Food Given ' Over Food Eaten Remarks
» 2-Left 1970 grams ‘ grams grams grams
Green Head March
11 58 15 8.1 6.9 Normal and Active
12 15 9.3 5.7 Normal and Active
13 64 15 6.9 8.1 Normal and Active
14 30 " 18.2 11.8 Normal and Active
16 . 15 7.5 7.5 Normal and Active
17 78 15 8.9 6.1 Normal and Active
18 ' 15 6.6 8.5 Normal and Active
19 15 6.1 8.9 Normal and Active
20 92 - 15 3.8 11.2 Normal and Active
21 30 12.7 17.3 Normal and Active
23 15 6.3 8.7 Normal and Active
24 103 15 7.1 7.9 Normal and Active
25 15 6.3 8.7 Normal and Active
26 : 15 5.1 9.9 Normal and Active
27 110 ' 15 4.3 10.7 Normal and Active
28 ; 30 10.7 ~19.3 Normal and Active
30 15 5.5 9.5 Normal and Active
31 118 ‘ 15 6.2 8.8 Normal and Active

93



TABLE 6 (Continued) - Animal No. 15 -

. . ‘ R " Food Left , A
: Ear Marks Date ‘Weight Gain Food Given Over "Food Eaten "Remarks
2-Left 1970 grams  grams , grams . grams
Green Head April
1 15 6.8 8.2 Normal and Active
2 15 4.4 10.6 Normal and Active
3 123 15 5.7 9.3 Normal
A 30 9.5 20.5 Normal
6 .15 4.7 10.3 Normal
7 132 ‘18 8.3 9.7 Normal
8 18 9.2 8.8 Normal
9 18 8.4 9.6 Normal
.10 -133 18 8.4 9.6 ‘Little Gain, O
11 36 17.0 19.0 Noermal :
13 - - 18 :9.2 8.8 Normal
14 142 18 6.5 11.5 Normal
15 18 : 6.1 11.9 Normal
16 _ 21 ' 10.7 10.3 Normal
17 : 150 21 11.2 9.8 Normal
18 , 42 19.4 22.6 Normal
20 21 : 7.7 13.3 Normal
21 163 21 7.7 13.3 Normal
22 . 21 9.0 12.0 Normal
23 170 Terminated Weight

L8



: .TABLE;BY(Continued)j—»AnimélfNo;fl6

~ Food Left '

iﬁf};ﬁlEar‘Mastf ;fDafe'5 9'Wéight”Gain>1v'vEcédLGiven.fl’ Over - . - 5Foadeaten~élf:RemarksaJ-.. . :

:_léLéft;{*'"-, l970  o gfams A v'gfams  -;:£ gréms - ' grams
o fl{BigHt . March. - : ' L ‘ o ST
- .Red’ Hea S v

. 58 . 15
12 15
1300 0 68 15
14 o 300

varmgl and Active
. Normal. and Active

wul

K]

Rowoo o
: P
NN N
W W W

L1\0 Oy~ 00 7

e e 4 . 'Y

0NN RO N o
ST

 Normal .and Active

ot

Normal and ActiVe
Normal and Active
Normal ‘and Active

6 Lo1s

L7 78 15
S - 15
20 s T 83 s 5T
S 3 30

6. &

‘Normal and Active
Normal and Active

P~ otn 00~ oY
'y e - & o e e
Mo W00 O.ov

D03 e e e 15 Normal and Active
24 93 . 15

Ses T 15
26 15

Ct70 104 o 15
28 30

5 o

0 oV Ln

3

SN R Wwun o

Normal and Active
Normal and Active -
Normal and Active
Normal and Active

| s e
W 00 =~ 00. O
o s e s

= o
SOV OV GEN O OO
s et e e N

e

';Nbrmal and Active
 Normal and Active

s e
81 112 15

O W
W O
: -
SN

N

Normal and Active -

* . Normal and:ActiVef3,'

Normal and Active -

98.



* TABLE 6'(Conti§ued)v— AﬁimalvNof lG

,Foodeeft

__Ear Marks _ Date _ Weight Gain ~ Food Given ~ Over  Food Eaten ~ Remarks

. l-Left .~ 1970 . ‘grams - =~ -grams. .. grams - . - . grams
. 1-Right April : R L
‘Red Head = . - - |
SR 15 3.7 |
o 15 6.8 . - 8.2 .. ‘Normal and Active -~
113 15 a3 "
30 So13a

B WN =

160 9 ' . ‘Normal and Active -

_ TR S 1.1 13.9 Normal “and ‘Active
124 . - 18 ... 5.3 '12.7 - .~ Normal and Active
SR 18 6T ~11:3° . Normal and Active =
o o180 6,2 0 .- 11,8 . .- Normal and Active = -
I3L e 18 e 208 - 15.2.. Normal and Active
36 11,8

15,

=

13 oo 18 5 12,1 - Normal and Active

4 - 148 S 18 o b 13.8 © " Normal and Active
150 o 18 6.9 11.1 - " Normal and Active’
7
4

17 S 154 _ 21

1o B 13.8 - .~ Normal and Active
A8 a2 e A,

9
2
L5 9
16 . T co21 .8 AR ¥ S Normal and Active
) .
5 27.5 KR _Normal_énd Active
21 e 166 o 21 - - :6.7 - 14,3 - Normal and Active
22 . ’ 22 .+ - 10,2, " 10.8 . - Normal ‘and Active -
23 173 ;‘ : R e e T Terminated Weight

‘11.3 °Normal and ‘Active - -

118 ‘Normal and Active

24.2 Normal and Activg», u"’

 12.6-  Normal and Active

68



TABLE 6 (Continued) - Animal No. 17

. . _ Food Left :
Ear Marks Date Weight Gain Food Given’ Over "Food Eaten Remarks
. Green Head 1970 grams grams grams grams
March '
11 ] 59 15 8.1 6.9 Normal
12 15 6.2 8.8 Normal
13 69 15 7.8 7.2 Normal
14 30 12.3 17.7 Normal
16 15 7.0 8.0 Normal
17 84 15 9.9 5.1 Normal
18 v - 15 4.1 10.9 Normal
19 15 4.7 10.3 Normal
20 94 15 4.9 10.1 Normal
21 30 9.3 20.7 Normal
23 15 4.4 10.6 Normal
24 110 15 2.4 12.6 Normal
25 15 2.9 12.1 Normal
26 15 5.5 9.5 Normal
27 ' 120 15 3.6 11.4 Normal
28 . 30 2.7 27.3 Normal
30 15 - 2.8 12.2 Normal
31 133 15 4.9 10.1

Normal

06



" TABLE 6 (Continued) - Animal No. 17

.

R IR I Food Left . . . . . ... .
.- _Ear Marks  Date . Weight Gain .~ Food Given . . Over . -~Food Eaten ' . Remarks

.f  5.Gréeﬁ”Head'& j I97O.;"Wff grams = ‘ o grams - - -'gramé ' :“ﬂ*“grams’ 
14.5 - Normal
13,0~ - .. . Normal

L 14.8 - Normal -
©..27.2 . -Normal

15
. - o 157 -
144 oo 15
S .36

N wNR
N
00RO i
'—l
~
0

o0 -
]

12,6 - .. Normal
11.2 - Normal
.8  Normal :
5;9‘>7 .+ Dump Food Jar
1: ' - Normal =~
A . Dump Again

o - 18

163 - .18
D £

167 21
Ol 36 -

ol o
00O\ NI N O
o e e e .
OO k- N 0o B

'—l
W
o

IO 0Oy

e

-19.2. . Normal
6.3 - Dump Food
16.3 - . Normal

: © - Normal

17,6 . ~Normal

©.25.8 © 'Normal

13 21 .
4 172 18 e T
15 SR Lo 18 : .
Sl 186 20
- .18  ;, 1>_1>","a SR f,42.7‘_ w16,

N W o
SN BN N N
O
o

20 o T T 21.

21 - 209 o2l .
22 S R . o ©18.0 o

2327 ST e : Terminated Weight

Wo N
oW
'—I
~
«

16



. TABLE 6 (Continued) - Animal No. 18

:VfEar"Marké ~ pate Weight Géin -

Food Given"

Food Left
Over

~Food Eaten

v Remérksr

. Red Head

1970

March =

g
12
13
14

16

17 .
18'f'
19
200
21

23
24-
25

27

28

300

l3l”b

o grams -

56

'_63

16

, ‘ 84'fv

105

120

136

grams -

15
15
15 .

15
“15
-~ 15
15
‘Te
30 -

15
15
15
15
15
.30

15

15

< grams

B

Nm

[0, VIV
P

O oo W

N L1 Oy 0o 00 00
o » o é . -
WN N~ P~

NN R PO
e e e e
00 PO O

W

grams - -

Normél

) Normal

Normal

E vNormal

. Normal.
‘ Normal
‘Normal

. Normal
" Normal
. Normal -

" Normal

Normal
Normal

“Normal
- Normal-
. Normal

rfobrmél
"Normal

and
and

.and

and.

and
and
and
arid -

‘and

and

and
and
and .
and .
and
and

and .
and

Active
Active .
Active -
Active

Active

Active
Active
Active.
Active' » .
Active - -

Active
Active .
Active '
Active
Activew - -
Active .

Active
Active  *

R



TABLE 6 (Continued) - Animal No. 18
v . ~Foed Left :
. _Ear Marks Date Weight Gain Food Given Over Food Eaten " Remarks
“‘Red--Head 1970 grams grams grams .grams
JApril

1 15 1.7 13.3 ‘Normal and Active
2 15 4.9 10.1 Normal and Active
-3 142 15 6.5 8.5 “Normal .and_Active
4 230 3.7 - 26.3 ‘Normal .and Active
6 15 1.7 13.3 Normal
7 18 5.1 12.9 Normal
8 18 4.9 13.1 ~Normal
9 18 4.2 13.8 Normal

10 18 6.4 11.6 Normal

11 36 10.7 25.3 Normal

13 18 1.7 16.3 Normal

14 180 18 3.6 14.4 Normal

15 18 4.0 14.0 Normal

16 21 9.0 12.0 Normal

17 189 21 3.5 17.5 Normal

.18 42 14.9 27.1 Normal

20 21 -3.9 17.1 " Normal -

21 208 21 5.2 15.8 Normal

22 21 5.9 15.1 Normal

23 219 Terminated- Weight

£6
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versity of Dacca, East Pakistan in 1965; received the.Master"
of Science degree in Home: Economics from the same University

in: 1968, completed requlrements for Master of Sc1ence degree,..‘

~with.a major in Food, Nutrition and Institution Admlnls-
tration at Oklahoma State Unlver81ty in. July, 1970

" Personal Experlence and»Awards: Received gold medal from‘
Higher Secondary Education Board; received scholarship
in Bachelor of Science and Master of Science. for highest
scholastlc achlevement, received Ford Foundatlon Scholar-.
Shlp to- study at Oklahoma State Unlver51ty



