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.CHAPTER.I 

INTRODUC'.rION . 

Ma~nut:tition is a major contributing factor :t·o the high mortality 

and morbidity in early childhood in developing countries. The predom-

inant form which malnutrition ·takes under these ciircumstances is what 

is now comm~nly called protein-calorie· mali:u,1.tritiori. This· is the mos.t 
. . . .. . 

·. ; . . . 

sertous · and ~ide ·spread-nutritional dism;-der known to !Jledical and nutri-

tional sc;:ience,(45). rn common with C>ther developing nat;ions;.qf .tl1e. 
•,.·. . ' .... ·. . . '' . 

. worfo, the: childrem' of l~~k,htai;i·.'.suffe.~;·.J:r;~m-~r.oteirt:.caJCliie. ~~lriutrition 

whith ·caus~s a wasting .aw~y of the :vita\ity of the people of this na­

tion (2), 

It has been calculated that a minimum o;f 63.5 grams of p;ot~in 
. . ' . . . . . 

: . . ·. . 

. should be the .intake of -prote'i.n :per ·adult person and 1. 5 grams pe:i;- kilo• 

· gram for children per day. · Accordi~g to ·the µutrition s1,1rvey in East 

Pakistap: (4.9) the present inta~e is 57 .5 grams without considering the 

"waste factor" in the hous~hold whichni.ay be about, LO to 15 pei-~ent. 

Most of the protein that the people consume is.cereal protein and there­

fore·is of low biological value. The contribution 'of-a high quality 

protein Jrom an animal s.ou1;ce· :Ls. meager, The intake is below the··.tnfn­

imum allowance. tn: ·60 percf;lnt of the households in East Pakistan, This 

undernut:t,'tt.i<>n e.spec\ally aJfects the vuiner~ble gr()U)?S of the ·popula., 

tion, . namely the -,pre.-school c:J:li.idren and t:he e:icpectant a:nd nµr~1ng 
··\_ ,. 

mothers : (49) ~ 

... 
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. . . . ..: : : . . 

.· Acco:r;dip.g to the 1960 · cens·u1:1 :there are 9. 26 mUlio; children under 

five. years of age in East Ea}ci.eitai\:~ The 'vast; .majority .of child deaths 

are due to infectious di.sea~es wb.ich pr~cipitat:e fetaLprotein malnu­

.tdtion iri ch;i.ldren where ':protein nutritional s.tatus h already precar­

ious. ·· For those who survive this malnu:trition the:r·e :Ls permaneµt re,. 
. . ·. . . ·. . . : 

·, tardad.on of.mental and physical growth (2). 
. . 

The effect of· protein-calorie malnutr.itiori, which certainly af!'-
··· :,' ;~ ... 

flicts over 80 percent of the ru;a,l popµlatiori of Pakistai:i, ·. i~ far- ·· 

reaching in consequences. It limits. the potential capability of the 

child .to mature so that he can contribute to the soc;iety he lives in (3). 
. . . . . 

Dr, ,M, S, Swam;i.nathan, Director of Iq.cli,an 'Agric\tltural Research 

Institute, New Delhi,., ,has stated tha;, 0lf the ·fhdlenge of roalnutrition 

and pt:;tetn hunger is· not· tackl;d imme41ab~1y, India. may have 1:0· face a 
. . 

large >scale .. intellectual dwarfing it)..,th,e next t~o .decades" (33~ ix). The 

same· situation is true .for Pakistan • 

. The poverty_ of the :Pakistan;i. die:t in .pr.otein is ,obvious fr.om the 

fact .that the bulk of their food .is. cereal which is a .poor source of 

'.prote,in ;qualitatively and _quantitatively. :Protein containing foods of. 

animal, ori.gi11, , such as: milk, meat, cheese arid eggs are often beyond the 
., .· . . . . ' 

·· 'econ~mic;'.f~ac,p. -of :the segment :of :the -:p,opulat:ion needing them most (3), 

lg:no,r_an,c!=l,, is, the ally of hu_ng:er, ,Together with poverty, which it. 

often acc:o~pani~~;· it. is-b1;tsJcally responsible for -~irtu1;tlly ..• every case 

of trialnu-tr.it:io1:1:., In.· eountr~~s where .food · suppl'iesiare inadequate, ex­

ist~ng reso .. u.r·c:es ,:ar:~ •gene.rally bad.~y~utilized ..• :Pakistan. produces vari-· 
. . . . . . ' 

eties or·· leg·umes, cereals :and -seeds which .-ar.e ·cheap sourc:es of protein 
. . . . 

- with ~ wide variety of ainino acids. However, J~eople fail .to satisfy 

th.e:tr. ,p<J;~t~i~,:lle.El§S from theise ··. sources because they do ,not kn.ow how to 
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··. . :··:.-·.,. :._i:· . 

.•• dloose a/~ixture whi,ch:·has high '.bio!liitigifd value~ 

The· author intends to formi.ilat'e v~ge·~able ,pr.otefo niixtures ·:using 
·. .. . . 

SOn\e C)fA:he,itypic,l;ll legumes and ae~ds avat1able in iakistan and fortify -

them ~ith::an:,aJi,mal protein-. The diets wiil be ph,nned t:_<l Jnc_ll!de the 
. . . . 

·•- _-esserttiai -amino aci,ds -- in s~fficient: imount~ i:.o ,.mairit'ain·- health. and 

-. growth Of, whit~ .rats. It-is beli~ved_ that wea~ling male :r~ts-·- fed·· the_se --­

mixtur,es .for fo:~n; to .s:ix w~eks of t:ime will permit J:he demonstration of 
. - . . . 

their giowj:;h and maintenance quali.t:iE!S. 

Assumpt{ons _ 
. ,· . .. ... ·:· .. · 

1.- No st11gle ve,ge.tabl~ -pr~ti.in ha~ all tlle e·esential amino acids needed 
:· ·. ' ' . . . .. 

:to prOD,iOt-e growthand [118iJiltain body S-tructure. 

2:. Aif dietary esse_ntial~ ifor \11,e ,1;at can be obtained in Suffic'iE1tit 

. ~in<>unt./from ~. mtx'.t?r:e:_o~ .veg,~;tio;le cprotei~.~ ----- ·.-

3. -- :Ip.~d.equate)>rot.eitt :q~ati.~y ah1i quarit:ity ca~ses · faild~e in,j,roper -. 

-- -growtht: development' ari.c1-:r:epr6d~c:tfon.•-

4.~ ''-:F:i.sh-01.,fi_sJt p:i;-ot7JtJ. ~<>ncentl:"~te is known ,to. be-~- ~pure~ _of -complete 

pr.otein wbic;h _will· s:uppo:tt · growth. 

--.5. •Jt is ·possibleto,use··-·a: combi.nat.i~n-of anicnal and ~egetllbl~::pro.::., 

teins :so: that :they cocnplimeit e~ch other 'i.n ;e lat:foti t.o. amino . ~cid . 
. .· . , - . 

cQnten.t• 
. . . 

--- 6( Veget:able proteins'. ,are widely available and less ·expens-ive tha'!:): .. -

ariiinal :prote:~ns iµ Paki~tan;·. -_- --

.'.l:ryis study· is .ccincerne<l "'U:h the test itig -·of. iAe fo{iowing hypOth~ . _. 

, eses: 

·. ~' - . 
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1. Combination of fish protein concentrate and legumes can 1;,e made in 

p'l'.'oport:Lon1:1 that will suppo:rt life and optimum growth of white rats, 

2. A combination of legumes and seeds can be compounded which will 

contain a .bah.need· essential amino acid content that will support 

life and optimum growth of wh:i,te rats. 
I 

3, Sufficient calories to spare the protein can be obtained per day 

by the addition of vegetable o;i.1 to the diet ot the rats, 



CHAPTER lI 

. REVIEW OF LITERATURE . 

Prot~lt:t and. Amino Acids 

Mo.darn investigations have revealed that proteins are composed of 
. ·. . . .. . , . 

. . . . 

. at lea~t. twenty ... two amino acid.s, During the process of digestiqri the 

amino acids a:J;"e lib1,n:ated, and pass unchanged into the portal circula­

tion.· They a:r;e distributed throughout. the. organism,· and. serve as. the 

substrates for the fotmation of lllany c'ha~·~c.teristic tissue proteins·. 
, ·,. . ·',.: ,. . . . . ·' ' .' '· .. · ,', . . ·,.. . . ' 

from this amino acid, . '.'.I:huS the amino acids qccupy a unique position in 

nutrition (60), 

Amino acids that thebody c;annot syntµesize in adequate amounts 
. · .. 

· are ca.lled essent;;ial or indispensable because. they must be supplied by 

the diet ;i.n·proper proport;ions and·amounts to meet the requirements for 

·. mainten&nce and growth of t;i.ssu~. Non .. essE;Jntial or dispensable amirio 

acids are those the body can synthesize :tn suf;f:l.cient amounts to.meet 

its needs if the tota1 amo1,mt o;f nitrogen supplie~ by protein is ade­

quate. Various amino ac;i.ds which are considered as essential or non­

essential. (47, p, ;37) atial ~s foUows: 

"' 



Essential 

. Isoleuciqe 

-·.Leul:!ine 

.··• Lysine 

Methionine· . . 
. .:... ::,.. .:, .· · .. 

Phenylalanine ... 

. Threonine 

ValJne 

, Arginine* 

Hist:i,dine:i: 

. . . 

Non-Essential 

Alimine 

,Asparagine 

Aspartic acid 

.Cyst,:eine 

Cystin,e 

Glutainic. acid . 

. Gly~ine· 

Hydroggoseip:roline 

Praline. 

Serine 

· •· .. ·._ > Tyro.sine • . 

Accord!ng to Ros_e eight;. amino .acids,.are e:~sential f6r maintenance 

of nitrogen equilil:>rium J; ~an, . The.food eaten m~~t; · cont~in these 

amino ;:icids be<:!ause they ·c~~t\Pt. be manufactured in the body rapid~y 
. . ~ -

enough to _.supply the need. fQr. them•.·(6i) . 

. Quality of Protein · 
. .· . :,.. ·.. . . . . ,· ·. 

The e"fhcts b-f protein on the m~int~mSnce.·a~d growth of animals 

are determined hy_the l:lmounts-oe eacll of the eight tq ten essential 

amino acids 'whi-ch are present in the· specific. protein eaten. Osborne 

and Mende:! in, their pioneer work with r~ts showed th1:1t individual. 

· .. ·.' 

6. 

* . . . . 
. Arginine can be synthesized 'by animal, organisms> _But the rate of. 

synthesis is li1;nited ... A dieta:q, supp_ly rnay ·be necessary for maximum . 
growth. tHis Udine ts · required for growth, but· J. s · not . n~eded f ot maln-. · 
t;enance by t;he adult human; . 
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: ::_. .. :· 

· .p:toteins differ i.n the;Lr1 abi,U.ty to ma;i.ntain life· an,d support the 
'' '' ' ', '' '!' ,, . ·, ' 

·growth· of animals, Casein, when -fed :a't :a·. level of e:i,ght .per.cent .. of the 

· total calories, bo.t:h.'.maintained-.life and supported growth· and hence. ·was 

classified as a complete pt~tein. Gliadin, ·since· it maintained Hfe 

. bµt did P.Ot . Support growth,: was called a par.ti ally incompiete l'X'Otein, 

Incomplete: proteins such• as: zein neither mai,ntained ·.life· nor· supported 

growth (47). 

The·requirement for·prot:ein ;is JnUuenced by·its quality, which'is 

largely. determined by: the· a)lli,no, acids· it contains. Two factors have· to· 
. . - . . . . . 

be· distinguished~ namely.· the· proporHoil, of._· essential to non-es.sential 

i:l,mino•acids and secondly:the·re~ative am6unts of the·essential aminq 

acids; A.mino acids have. mariy · e;:omple:ic inter:i:-elatio'.!1ships .. ',['hey sha.re 

.·. certal~Lmetabolic pathways. and comp~te ~{th one anothei for tfansport . 

. An unbalanced pattei;-n may h~ve:an·adverse effect on.nutrition even if 
... . ... 

the·quantity. of essentiai.a~ino acids is,suff;icient for·a normal 

inc;lividual (53), 

'Many,·factors have· an effect· en the ·pfotein requirement of an indi­

ylduai . B'ody, size, . the· quality of p~otein fed, the adequacy of-· cal~ric , 

· irttaJte, the prev;ious state of nut:rit{on, the. eff;ic;i.ency af digestion 

and- the' spec;i.al· phyaiologic·-need s1::1·oh' as dQring_·. growth'' pregnancy' or 

tecovety•from." illness ~re &ome · £.actors which determi.ne the protein 
. . . ·. . . . . 

·•-·' l;' eq~irement ,' of an ;i.ndi vidu~ i. ' ' 

The protein requirement du:i;-;ing tihe·wl;lole life-span :Ls not the 
.. . . . . . 

same,· Given below are~ the Recommended Paily:Dietary, Allowances fot 

protein· for., a standard man and :wc:,ni.an in· the· Uni.ted· states . of. America 



(18, inde:i.). 
., ._· .. · 

.< Age and. $ex 

·--•-(Male:•-

Weight (kg} _ .•· . Height (cm) Protein (gp) 

rs~22 · · 

22~35i 

35~ss · 

55-75. 

Female:· 

· .. 18-22'. . 
. 22;;.35: 

35-55 

55-7$ 

67 

70 

7Q 

70_ 

.-. 

.· 58 
58'. 

,··sa._·-

58 

175 60. 

175 65 

173 65 

171 65 

163 55 

163 5~ 

160 55 
.. 

157 55 

· The Recommended_ Dietary Allowaq.ces or protein .for adults· in the -

U_nited Stat~s of America- has bee~· 0. 9 gmof protein per kilogram per 

-- • day··. 
'' . ' . 

• The Committee on Amino- -Acids: fof Food .:and ,Nutri~ion_ Board and ·the .. , . ..,: ,: . 

FAO•·tommit~e~ of, Prot,ei~ :Req~i+ements (54) esta_blishe~_::t_h~ m:l,nimu\1! 

tieed for a·d.lflt~ :fo ht{ bet~~eri o;j'~nd 0,35 grams per kifogram/per,-day. 
. .. 

•when the diet contai~ed pro~ein of ~~xi~al nutritive value. 

8-

·nurlng preg~c:lncy and lactation the protein allowance for-the woman 

should .pe· :!.ncreased_ by ZO grams a11d 40 grams over the bask ,level re-
- • C ,·' .• 0 .... ,' • , •• ,·.,·' ... 

specti~ely (57); · Given l:>eiow .are th_e amounts of .protein recommended 
_.··, .. . . ·.: . 

<luting pr~gnancy and lact~tion (18 ,· index); . 

Age of Woman - · Weight (kg). Height (cm) Protein (glll) 

Pregnapcy · -157. 
, .. 

65 
. . .. · ·. 

•· '. i~c~ation · .. · -_·. 75 .. . . 

. .. 

. The greatest amount or protein per un~t of body weight is needed 
. . . 

. .d\irin~. chiidht>od. · Between the _ages -of one and .. 12· y~ars the 'allowances __ .· . 



. graduaHy decl:'ease; ,_. from abQut 2 grams. to 1. 7 grams pet. kPogram be>cty 

. weight: .. 

The R~cpmmended. Daily D:letB:.rf Allowances for protein set by the 
. .. 

Food and Nutrition Board -(18·, index) for infants and childre~ -of the. 

United States i_s as follows; 

Age and·- Sex·_ Weight ~kg2 Height - ~cm2. Protein ~gml. 
Infant (Up to 9 Kilogram X 1.8 

1 year) 

1-2 _years 12 .81 ·25 
.. 

2~3 years 14·-· 91 25 

3-4'years 16 100. .. 30 

4-6 years 19 110 30 

6-8 yeare 23 121 _·_35 
.. 

.. 8"'10 years· 28 131. 40 ... ' 
•. 

Male·: ... 

10-12 35 140 45 

12.:,14 43· .. 151: 50 

14-18. _59 170.·-· 60 

FeI11ale: 

10~12 35 142 50 

12.::14. 44 154 50 

14-16 52 157 55 

16-18 54 160 · 55 
. .. . 

The Protein Committe1a of Pakistan.has recommended 62.2 gr1;1ms of 

protein as average daily·per capita allowance of protein for normal 

individuals {54i p. 38). 

Factor$ Affecting Protein Utilization· 
. . . . . 

9 

N6n .. prot:ein_ calo:r:tes play ·a_ part: in the estabHshment of th'e nutri- _ .. -
. . . . .. ~ ' . 

tional status. 
' . 

Swanson (71) found that_ the total energy balance and 

_the nitrog~~balance ate interwoven.·_· An. iru;rease in the ,protein supply-·· 
' , . 

. to the under.nourished will not be e:ffecti.ve if t;he energy control of.· 



,t\le -di~i: fs.'.'r~st;r:Lcte4:'.,; :rh~ ·influence· oi :calorie: intake '·on protei~: 

. metabolism~c~n b·e···obse:rved:py .·t~e'.:t:~p{d: development' ()f'n~$ativi.ni.tro- •. · .. 
. ·:. :. - ~ .:· .·. 

¥~n baia~9~ 't,then the energy content of 'the diet is below J:~quirement> 
.; ·.'. :'. ·.. . -... ·.··. ·:· ·. . . . ': .· :·_. : ·.·:. · ..... ,. .· 

. The to'tJer. die intake of pr~tein: ·~Ii4 -~alories; the great~r is the need·. 

for iricludi.nghigh, qu~ty)>rot:~i~Jri. each.meal ,ifn~trogen is.to be. 
.. . 

. ·. ~~U utilized (lO) . 
. . -. . . .· · .. ··· 

The Um~ factor influe~ces ',nftro,'gen u,tiliz~tion.: DiStributJon .. of 

.• arirf~o, ··a~}~8:_~mgng __ the.··la:tly me~ti:if}' .• fac):or. to._ considel:'· in_' ni~et;i.~g 

.· piote,111 .. ri:eJ'tls>. :in buil~in~-body::·.t>r~H~~ins, whe,~her f6r gtOwth. or ·re·~· ... 
. . . 

. plac_em~~t,, 'the J:>o.dy: use.~ ail oi .the essential amino acid~. plus ·t.he •non-
. ·. · .. _:;, . .. 

. . . essentiaJc;,nes~ . All the essenti~t··aro:tno acids ~hould' be: :availa_ble .. . . . ... ' . - .. •. ·:.--,.) ;,: ·. . .. • 

. si.muit~~e9usl:y.' :for the b~dy to ut,ili.ze t:hem fully (64) . 
. ::.'.:: 

. · G~iger: c19}' sho~!?d ;:h~t, in 1abo~\ato:nr animais b~th maip.tf;!nance and 
j ·, .•. ,; •• •· • • ... ~·· . ' • • .• ·• • •• '·. ·: • •. "·1' '. . 

g;i-9wth · i'~qui_re 'that. all ·cif the essential ~nd. non-essentj,Eil' amino·. acids· 

be. pr~sent .~:itntiltaneouiiy <as weiJ) a's i ip: '.1:1.d_equat;;e, anio~lii:~ / >:: 
'/ .. • 

,: ,Mit,1erals arid vitamins whicl:i, are needed fot' .norm~J growth a~d )rieJab-' 

ol'ism .d"a'n afJect )roteirt ut:iliiatio~:· ,<It. i,s thought tha~ :pot;a~siu~is 

necess~ry .for effect iv~: ut~liza.~ion Qf amino. acids;. : Er1ough. niacin and 

. ··ph6sphprous is' 'also neededi(53) ,<····· ..... ·.·· 

·. ··. . , .. 

imbalance i~ the' te~ conttnonly used to' designa~e a'.·.·. 

t'e~~tiy~ ~fo{tci.ency of an esser{tial ~mino acid re~l.~lting: fro;: an excei3s 

' ; of oh~,:~~ inor;:- amind ,#idk tr1 ~he· m~dium.: ·.·.When the exc~ss •. is large 'and 
. ,::·. . .... 

th¢((iistu_tb~rice. ts· ~~vere .·. iyi~ ·ca.1J~d ~mino a,~id- to~i.clty· .(68); ,'/ . 

•. ·.· 'Hir~e,t {2<);:: p, .. 405) de~ct:ibes ~ii. ai;nij:ro. i=i9id i.nihiI~n2e as '''any:.·. 

· ._ c:,hange'in the· ;ro~ortfon of a~ino, adds· in· a Jie( that ~esutt~si:inC~n .· 
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adverse·effect which can be p1;evented by supplementing the diet with a 

relatively small amount of the most limiting amino acid or acids." In a 

series of experiments using growth of ;ri:its as a criterion of amino acid 

imbalan9e Harper (29) found 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 amino acids. He stated that it is not known at 

what degree of imbalc:1nce it becomes impossible to satisfy requirements 

of an ahimal by increasing the level of protein in the diet, that is, 

the stage at which amino ac;id supplementation become mandatory. 

The possible effects of amino acid imbalance must be taken into 

account in any evi;!luation of essential arnino acid patte;rns of foods and 

in planning supplementation. 

The condition termed "amino acid imbalance" can be created by small 

supplements of individual amino acids. Rats fed the imbalanced diets 

grow less ;rapidly than those fed the control diets (58, 59), To prevent 

the retardation of growth the concentration of limiting amino acid in 

the imbalanced diet must be increased, This suggests that a mix;ture of 

amino acids causing an imbalance reduces the efficiency of utilization 

of growth~limiting amino aciqs. 

When the imbalanc;ed diet is fed to the animal the severity of 

adverse effect on food intake and growth increased with increasing 

concentration o:l; imbalancing amino ac;i.d mixtures added to the diets 

(28). 

A study was undertaken in an effort to determine more precisely 

the influenc;e of the severity of an amino acid imbalanced diet and the 

importance of the quantity of the limiting amino acid on the choice of 

the rats for or against the imbalanced diets. When rats were allowed 



to choose between an ;i.mbalanced diet and a protein-fl;'ee diet, they 

selected the latter almost ~~clus;i.vely (27) .. 

On the other hand htiman beings cannot select a balanced mixture. 

12 

Six healthy young men wer~ given a choice between balanced and deficient 

amino acid mixtures containing seven grams of n;i.trogen per day with a 

formula diet adequate in all other nutrients to see if they would select 

the balanced diet. The result of the study revealed that human subjects 

showed no evidence of being able to choose a properly balanced amino 

acid mixtu:i;-e. The selection was made by·appearance, taste, and smell of 

the food (9). 

The environment had some affect on the acceptance of an imbalanced 

diet by the rats. Experiments showed that·adaptation of rats to imbal-
. . 

anced d;i.ets was more rapid in cold environments than at room tempera-

ture. Weight ga:i.n. of the ap.imals fed .the imbalanced diet in the cold 

were higher than the animals fed this diet in a warmer environment (26). 

Kffect 'of Heat on Protiens 

•When food J>rod11cts are heated, their proteins are known to undergo 

certain changes in nutritive value, The digestibility may be improved 

or depressed arid the biological value may be similarly changed. The 

·result of feed:i,ng experiments with rats shows that the nutritive value 

of cereal proteins may be greatly·impaired by the application of heat 

with no demonstrated alteration in their content of the essential amino 

acids (6). 

The improvement in the digestibility and biologic1:1l value of 

certain leg4meproteins by heat is a striking phenomenon. 
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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 . soybean. There is much evidence that there is 

definite improvement in growth 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 poor nutritive value of raw legumes are well known to nutri­

tionists and has been attributed, at least in part, to the presence of 

trypsin inhibitors and a deficiency of sulfur-containing 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 experiments with chicks showed that the availability 

of cystine increased in the heated trypsin inhibitor mixture. The mix­

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

Protein Calorie Malnutrition 

The term "protein-calorie malnutrition" has been p:t;"oposed, 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 malnutrition all the world over have now agreed 

that two distinct clinical forms of protein-calorie malnutrition, namely 

marasmus and kwashiorkor can be recognized, It has been generally 
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assumed on the hasi.s of expetim~ntal studies tl:iat,kwashiori<or.isthe>end 
t i . ' 

· result of a .s.ituation ,wherein thei.diet is .ade-quate in. calories .and ... p.oor 

in proteins, while marasmus. is brought about: by diets that are .inade-

quate in calories (22, 70)" 
. . 

In broad terms, four principal clinical syndromes have been de~ 

scribed for protein-calorie malnutrition: kwashiorkor, incomplete or 

mild kwashiorkor, nutritional mar~gmus, and nutritional dwarfing. · 

Because a combination of clinical features·are common, the term marasmic 

kwashiorkor isoften appropriate (45). 

Theclinicalpicture ofproteip~calorie malnutrition is character­

ized· by edema, lesions of the.· skin, hair· changes, apathy, enlarged 

fatty liver,. and· low serium proteln, There may also be manifest·ations 

of var.ious vitamin deficiep.cies (57, 76)" 

· In one· study <the plasma amino acid patterns of childr.en with kwa.sh-. 
. . 

iorkor·or marasmus were studied using unidimensional paper.chromatog., 
. . . . . . ; 

raphy (56)" The·amino nitrogen in the·plasilla·of kwashiorkor children 

was found to be low·and after treatment increased sign,ificantly" In 

marasmus the levels were higher than in kwai:ihiorkor and did not change 

significantly after treatment" The :proportion of plasma.essential amino 

acids was•low in kwashiorkor and there was no increase after treatment. 

In.rriarasmus there was consistent increase in the proportion of essential 

am:i.no·acids oh treatmento 

.Intake of prOtein·belo-w thereconunended allowance·is found.inmany 

parts of the world. Protein malnutrition is the most .widfspread,. seri ... 

ous nµtritional problem in the underdeveloped a.reas, particularly seri~ 

ous in.its effect on infant and children(38). 
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A :tecent survey of East P.a~istan ::;ho:wed that pro.tein ... malnutrU.ion 

· is the most wi.de spread nutritional problem in terms of prev.alenc.e and 
. . . 

effects>on the po.pulation (49)., Studies on the -albumin concentrati_ons 

of blood plasma, . .which· reflect the nutritional status in respect to 

protein intake, revealed that low concentrations are observed in almost-

half of the rural and one-third Of the urban population (54). As 

deficiencies· are almost always ass.ociateci with other maladies, their 

ill effect on health· are ·varied and serious, including. impa_ired growth, 

. subnormal exis_tence and death. Nearly 26 percent of all live-born 

children die before their rifth birthday. Of such children, 17 percent 

die within_ the first year and 9 .percent j:)etween one and four years of 

age .. Even those children who survive fail to grow in a normal way 

•physically or mentally; The overall effect of protein deficiencies 
. . . 

along with· those of ot::her food fa_ctors, ultimately give rise to several 
. . . 

nutritional.disorders lik.e-ari.emia, goiter, rickets,· and beriberi 

manifested clinic.ally through syndromes of visible lesions. 

New qour.c~s 6£ Food Protein 

Providing<adequate fpod j:o the ever increasing population of the 

·world is a great. problem of the day,. Nutritionists always try to make 

the best use of the available -food stuffs, Constant search for a 

better use o.f different foods led them to develop some hew sources of 

·protein. 
. . . . . 

Protein foods may be plant: or animal in origin, Since animal pro-· 

tein originates through the conversionof plants, plant protein must be 

considered to beof primary importance. Measures aimed at increasing 

the supply and utilfzation of plant. protein will ultimately benefit the 
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. -~ri· .. ~$pu~tion,.of .. the.:.i.torlcd.- . The p~y .plant: protein .sOurces av.ail-

.. ab.le f.o:i;: · fee..d.±:rig .. :con.dst ot.:s..eec!s;., ... l~;:1ves .aIJ.d tubei's ,. , Se.eds, in .gen­

,.er.al' cont.ain:.:.reiatively. lar~e.:•unts. of ••pr.ot.e.i.n and constitute .the 

. :most import.ant.kind of pro.tein food for man and. for non-;i;-uminant live-

stock ·(77) .. 

The ·.more·, exacting ·requirements of man ·and non;.ruminant · farm anims,ls 

with· respect to protein led to the idea that individual ;feed.tuffs·:·inayJ 

.be fractionated in some·way. These fr~ctiens provide-products of 

superi,or·quality :for-classes ofpeople·requir;lng·them and leave-a 

·residue·which·is·suitable·for ruminant feeding. Food which contains 
' .. ·· . ·. . . :·· 

mixed protein can be treated ch.e~:i.cal}y to separate·high·quality pro-

· teins · frqm·poqter ones. Separa~ion,. ac-~omplish.ed easily :by means of 

extract}on ·with .aq~eous. sai't. sot~ticm; leave~ a residue. deficient iri 
.. . . . . ....... · .. 

ami,no, acids but suitable :f;or · ruminant feeding .(77). 

Fish can contribute largelytO'the·wdrld's p;otein supply. Most 

species of fish· are· edible ·.and are -enJ~)7ed · as human food. Conversion 
. . . 

of fish into food additives si.:ic.h as fish-protein :concentrate is very 

c:::om:mon today. -. Some 40 percent or ·more· of the ·world's f;i.sh catch is·· 
. ' . 

'presently converted directly int;:o·fish protein concentrate. -Fish·roeal 

·is tnade·by·the·relatively simplevrocess of cooking, pressing out most 

of the oil and a~out half 6f the -ater and dryin~ the press cake~ The 

·product contains 65.-;70 percent protein (42). 

Most of . the·: attempts· to manufacture tasteless -fish· prote.in concen-

. tr ate · and to· introduce it into , some• staple·. food such_ as · bread have in 

ract used f:i.sh,rµeal, rather·than·:Ush.as the·raw material. The-problem 

· with fish meal is• to extract· 1:>oth water ... soltible ·flavors· and. liJ?id 

··.materials· (42). · 
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.. .Ano.ther ,new s,ource · ef •· pr.ate.in is · 1eaf p:r:o.tein ,: H;ere · .. p.r.o.tein is 

·-separated .fr .. om,fi.b.e;r.s .. meehan.icaUy ........ 1'he·.ma.chine··.cr.u.shes .. -the.·:le.av.es .. .and 
.. : . . . .. · .· ' . . 

wee.ds :,a.nd ;,~t:cacts.:.p.ro.t,ein · from:.t.hem. . The ~tra.cted pl;'otein _is then 

·.p.rofe's13ed in.to.: a .. fa.ad .. having a cheese,-,.like: texture· (40). · .The .. amino 

:.acid cdmpo.sition:of.:protein :s..ample.s,· are similar. in. regard to. source. of 

: leaves in relati:an to.different species, ages and cultuxaLbackg.r.o.unds, 

In· spite of their uniformity· in amino acid composition, leaf protein 
·) 

prepal:'_ations ·are-not all equally go~d as protein supplements (52) ~ 

Ideally, leaf protein would be 'made from leaves that are by .• 

·products·· of some other ·crop. · In the.· temperate zone· the obvious· Sources 

are·pea·and·bean.hulls fro.m.canneries, and tops·from early·potatoes·and 

... ~ugar .. beets. The leaves should, contain_ :a large· amount of water. · One 

thousand· pounds of these l~aves wou:td yi~ld 150 pounds ·.of dry matter, 

. in turri· y~elding · 30 pounds of· p:t:"otein ( 40, 52) ; 

It is known that the p-ercentage' of extractable protein in a leaf 

tends to diminish as the crop·matures·although·the·total amount of 
. . 

· protein·per hectare is·still incr¢asing. It is expected that during 

·the.next few·years measurements·will be made of the yield of extract­

able·protein from·many dif:l;erent;. crops growing in different; climates 
. . . . 

· . and harvested at different· ages after. different· fertilizer treatments. 

Once·tlle·idea·of using.ha:!;; protein.has been·acc:eptedin any·region, 

·. there will .be'. no lack of research l)roblet,ns ··for· agronomists· and pla.rit 

. physiologists (5Z). : 

Leaf. protein. in. its. da.rk. green fcn::m ·is acceptable in West Africa . 

and South· West lndia, . 

·, With· the· advancement ef mode:m science· the··researchers have found 

· anpther ·source of protein· frem organisms· grown en hydro,carbon residue, -
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..... _ -Yeast: .p,r.od.uced .. :.by .. ferni.entation . .on eilher .. :.plll".e .. iru..par.affins or. :.heavy . .:...gas. 

oil i.s a goad . source of protein-.... ... Bec.aus.e of the :.absence nf .. ,oxy.geri, J.n 
• I • ' • • 

these· s.ubs.t.antes .. , ... it .is .ne.c:es.sar.y. to ,supply oxygen .as well .as .a.nitro­

. gen .soutce .and.,.a:n .. a.qu.eou~. s.p.l:ution · of the ·minerals re.quired for yeast . 

growth.'(65), 

. The ,world '.s present ne·ed for: prote;in is· so large· that no· single 

novel source could meet it for ·at least a. decade (52). All the proteins ~-
·· discussed above· are· likely to be needed, Research on all of them should 

·be·intens:i.fied. There is not abest source·fqr·a·particular country, 

For people living beside. an undete:xploited ocec:1ri, ft would be fish; -in 

a tropical ra;in;forest, leaves; iri arable-savannah, soya; and where 

· there i,s · abund_ant molasses, yeast, · But, hewever attractive the· local 

best.sr>urce<may seem in theol:'y;,:;tt shoul.d'n~ver be:allowed to dominate 

• the scen_e so that peo.ple •,become .heavpy dependent on a· single protein 
! . ',., .,, . 

· s.ource. . A mixed diet.should 'al~ays ~e ·preferable. 

}Prote:i,n .. Rich Food .of Vegetabl¢ Origin 

'Forimme4iate·relief of the problem of protein-calorie malnutri-

·. tion; s·ev~ral .kinds ·of·protein .. rich. foods have been. devis.ed and tested. 
. ,. . . . ' . . 

.In these! mixtures. th~ limit;j_ng ~mino acids in a ·vegetable pt'~tein ,· 

needed.fo1:·growth·;is·made·up·by ·c;1p;othet'·one·of· the vegetable-proteins 
. . . ., . . . .,· 

_used. Thus the :mixture· furnishes.· all of the· essent;ial amino acids l 

·necessary.f~:r·growth (43), 

Qne ·of the most· successful :of; these· vegeti:ible protein p;roqucts is 

_calleq Incaprina,. named fo~ the ·organizati(;)n· that devel~ped it~. the 
. .· . -~. ·.: .. 

· · Insti.tt,tfe of Nutrition of; Central .. American· and. Panama-INCA,P, Incaprina 

. :t_s . a :rhixttrre compour{ded maip.ly of. cornmeal'. yeast' and cottonseed or 
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' .. ·. _,·. 

soybean ,flour . {15); The COIIlposition ci.f Inc.apriria -Vegetable :Mixt.qre >a. is · 
_,· . : ... :· ·= .. 

as follows (12, -p; · 31): 

· Dried Corn Maga 
- 1 · Ses~me ·Meal 

. ·Cott:onseed: press 
·cake . 

' ·. T_orula ·Yeast _· 
Kikuyls Leafµieal_ , · 

.. . -. . . 

., ··.;' 

·50 percent: 
_. 3.'.;; percent 

9 percent 

· .3 percent 
',3' percent 

l'he mixture had a protein content of 25.1 percent. 

t!.aub{n:ais produced. in Lebanon and consists. pf locally grown chick 

peas, 0 and bo.iled wheat :ixed with- dried skim-milk from ~r~ca .(W). · 
.. . : .· . . . -.. · .. · . ' . 

. A. feeding e~periment was continued in Beiru,t with _L'aubina .. To · 

·._.: their de~ighithe -doctoxs -f~und that the diet wiped Qut au signs of 

malnutri_tfon (75); 
- ' . . . 

INCAP Vegetable Mixt~:re: 8, was palatable, and gave good growth and. . . .· ... :i; ....... _·_. ,• ·: . .· .· 
efficiency of feed utilizad.on in rat trials. Neither the addition.of 

. .. .. .· - . 

. 0:45 percent ~:I; free,lysine,nor,the substifution of skim milk for part 

'of t~e corn imprpyed ;~e growth or feed effici~ncy pf I"fl:tS, feel the 

, mixture. ._Ad~iti?ti of _Iysine_~ di}f iII1prove :gro~t:h.:and feed \tili~a~i911 

of the_ mixture .by chicks. When 'the :IIliXJ:ure was di'luted with cornstarch _-· 
:· .. : 

· to feed i"ats- at a -15 -percent· protein·- level, added lys'inE;l ;impr9ved growth 

-_ and feed efficiency_ on· the ~asi~ oi the studies. INCAP Vegetable 

_ ·Mixture 8 was recommended for clinical feedi11g trials in .children ,(7). 

Early in 19.65, a vegetable protein mi~ture ·was_•· prepared. by: 

Juggenheim 1;1nd Szm,eleman from -food. ava.ilable .in Middle. Eastern countries 
':' ' .. · ... ·. ., . . 

- (24)., i rt ~<>heisted of 47. perCe~t a~tochv~d -chick_, peas, . 3s percent 
. ',•. . '' ·. ··. · .. ".. ' : " ·. •' ' . 

- defatt~d -se~~me flour,-· al}d 18 i,,ercerit.;el:lt. processed; low-faf soybean 
·. . . . . . . •, . . 

flour. The,~rqteiri content of that particuia:{rnj.xtuie_was,37.8 percent, 

.. and i.ts biqlogi,~ai ,v~lue _arid protein efficiency rati~ i~J•oung rats was 
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proven.to be satisfactory. 

A protein-rich mixtu;i;-e · preparep from cl;iick peas,· sesame flou;i::, and 

.low .. fat soybean flour was evaluated·in infants in.a.controlled metabolic 

study (24) .. One group of infants was fed a suspensioncontaining 10 

grams of vegetable protein mixture and 5 grams of sugar (100 rnillili.ters 

water). Three grams of starch, as coJ:n flour, were added to each 100 

:mi,111:liters cifvegetable protein mixture. Eight infants were fed homo .. 

genized, bottled, pasteurized cow!s,mi,lkwith·s grams ~ugar added to 
I 

each 100 mi.U.itite:r;a Semo Una,. 7. 5 grams, and sugar, 5 grams per 100 

millili·terscof milk were fed to eight infants.. One group was fed with 

Incaprina. For the last group vegetable protein was supplemented with 

amino acid L-lysine or L-methionine. 

Nitrogen retentio.ns and weight gains in inf£mts fed the vegetable-

protein mixture compared favorably with those of infants fed a cow's 

milk diet. Supplementation of vegetable·protein with amino acids.did 

not increase nitrogen retention, Weight gains and nitrogen retentions 

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 infants fed a vegetal;>le 

protein mixture was similar to that ·in infants fed cow's milk. It can 

be conclucled, that vegetable protein mixtures compare quite favorably 

with cow's niilk when sufficient calories are present in the diet (24). 

Many protein-rich foods of vegetable origin have been used 

successfully in the treatment of kwashiorkor. Cottonseed protein has 
. I . 

been processed at the Regional Research Laboratory, Hyderabad, This 

protein has been used as· a food in the. treatment of children suffering 

:· from kwashiorkor (62), 



In this particular experiment four mi.xtures were prepc;!red in 

which the major portion of the p:r;'otein was derived froni the cotton­

seed Oour. Fifty-two children· suffe:r;';i.ng ~rom kwashiorkor were 

studied as patients. They had an agerange frorn 18 to 48 months arid 
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their body weight was 5.2 to 11.7 kilograms. All children were grossly 

underweight~ edematous and had varying degrees of hypoalbuminemia, 

Samples of blood were obtained at the time· of admission and on · 

the tent;h or thirtieth d,ays after trec;1tment. Clinical and biochemical 

iesponses were poor. with the cottonseed flour diet. Edefua cleared up 

very slowly. The mental condition.improved only slowly. In some of 

the children,· the clinical condition showed no improvement. They were 

taken off of the d;iet after 10 to 14 days, 

When·lysine supplemented cott:on~eed flour was provided, the r~te 

of response wasslightly faster than above (62). 

Children·treatedwi,th the i::liets where 2~ percent of cottonseed 
. . . 

protein was replaced with milk p,rotein showed a better response. When 

children were treated with solvent-extracted cottonseed flour, of low 

gos$ypol content, good clinical responses :resu:j.tr.: ·~ 

The· result of the experiment.s reviewed above show that the .chil-
' _. •. 

dren suffering·from kwashiorkor had an unsatisfactory response to the 

diets.which contain cottonseed as a main source of protein. Vegetable· 

protein mixtures.with Cottonseed flour as an ingredient· should be used 

only for children without obvious cliriical manifestations of deficiency, 

One stu.dy was made to see the efficiency of combinations of vege­

tables as a source of protein in the dietand to determine the extent 

to which such di~ts c:ould.provide for growth and maintenance in rats 

(14). Male, young albino·rats of six weeks of age were used. The 



diet i,J~s c6-IiipOsed of v~giat:~bles commonly c·ons.umed ii:,>t;he sout_hern 

region ~f the Unit¢d- St~e~, . ~-Ut(i:ies of fidd pe~s artd p¢anuts to 

-- improye respoq_ses. _to. thi.s food- Jt~~~_,:l!~s-_~·-.~:valuated/ _-
.· . .. . . , .' ·.·· ._ . . . 

-Re~ult:s .ab.owed. thaf:];hou'gh __ t-J;ie:~·YD.Utlg.:lnimal wa:s:.unable··tt>.grow~, 
·: r_ :· ,./ • :-.-- •· ; :· ··.' •· .· ': ·' .• • ',. ·• • ':.- • . • •' 

ffl~int:en~rite;:,o(bod.y :We igbf ·:-oeCur:te.d: ;a·f t~~:i 4W¢ight:~ ila:teau'.·was'. reach"e:d] 

Addttion, of fi~~d peas or pean~t:s tC> the basal d.iet: wu :effective: in 

· .. s~iniulat:ing nitiogen reteri;ti~n'1n ypting :~ats (t4). ; ' ' 
.. . 

Forced feeding of :you11g rats- 0~ th_e rations co~tai~i.ng peat;1lll:S' 

;esulted in loss of hair ti~tn the -l~teral regio1,1 ~:f t:he body{· This w~s -

.due to. U:nint'~nsffied jlniirto' acid i}llb~lance in t.his diet.·. 

. ' 

. . . : . . 

" .tii. the developed ~~~ntri~s. cryst:all;i.ne amino acids are availabie 

at: lct~er> <cos.ts, ·- This· suggests, the fortifica_tion of food with limiting 

... amino; ~cids:.' . Different: q,uantiti~s and pf~poft_it>ns- :of . these amin<>, -.-

. acids C a;e '.n~C~S,S~ry. to Q~Vis:~<a mi~ture ~h!ch :LS .COinpJ~t{ and .ba'laticed 

(3t): :. . . ·-·: >··.·, .... · 

__ tri one :st:µdf (55) ;: prot~in food ba·sed on on ·see~ meS{a, was. --

~owd~r.ed finely: iri _·a···microa~omize?:;··_,-- It ··was dissolved in -ho~w~ter to·-
.· ... · . ·· .. ·. -· · .. ·.:-:·.: - . 

;iel:d,a inilk'."like 'emulsion tha:t :wc;t~ highlt acceptable a:nd tpuld' be. 

readily f~cl to child;en : ~uf fering from ,kwashi,orkor ~-
. .. . .. ~ . . . . . . ' .. . . . . .. ' . . . . ' . . . : . . . : ' 

..•. Microatom:i.zed protein ;food was -prepa:r:e'd l>y tnixing :low fat, E;!dible 
' . ~- . . ' ~ ' . . . . . . . . .. 

. :peanut,. _soya/ and· sesame: flour.a ·wh1~h. w.ere. finely 'powder.ed in' a: ,mi6:to.-
··· ,,· . ; . ' . . . .· .-'' .. · . . . ... · . . . . . 

. - . 

: ·., a_tomtzer·. . : A: s~c:pn4 mi.~t,t1re· was·· p~_eJ>aied by ·mixing the oi 1 -seed :fl~tir 

• and ·sltim:'~ilk powder .in l;'equ\Lre.d p:to'port:ions· atJ.d fott;lfying, them w~th ·_. 

· ~rt:amtns A, b;_th.i1mine,~, tibof1av1n, artd:cakimri>phdsphat~ Cs5·>~ . 

Ch1idrenwith moderate to· sevex:e klo11;1shiorko~ ,· ~dmtt.~ed t.o the -pedi;atric· 
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· .. · ··.· .. ' . . . - . ' . : ·.. . . . ·.. ' . .. _. . . 

ward of the.,:Kr.islmarajendra Hospital, Mysore, India served as subjects 
. . 

fer·the:study •. Results·show~dthat the•;i.~itial ano:texiawas·easily 

··. overcome by the diet. The: edema began to decre~se · a:l;ter a few· days of 

·treatment a,nd disappeared completely as treatment was continued. 
. . . . .· . 

·· . Mic;roatomized protein foods base.d ·. on blends 0£ oil . seed meal and . 

skim ~iik powder, are readily acceptable to childr~n suffering from 
. . . 

kwashiorkor and .are quite ,effective in ;initiating ·cure .. Vegetable 

.. proteins, in ·general 1 lack one or in.ore· of the essential amino· acids 

· and possess· nutritive valu.e lower than that· of animal protein. If _the 

· pattern of amino· acids :i.n vegeti;ible.· protein does not deviate too much 

.·from. the. optimum, feeding. at higher ~eve.ls of. protein. intake can over­

come the deficiency· in indisp_Emsibl~ .. aniino_~ac.ids. 

:rn. an?t.her experiment a tni~ture···wa5i,.'developed with-. diffe.rerit amino 

·acids~ . This mixture was tasted. ari.~ approve~ a:s ac<!eptable by adµl t 

humans in a balan~e study. Two ciixtur~lwe~e:prepared .. Amino·acids 
. . . . 

we ere·. provided, . :i;n part, as . white· wheat . flour and in part· as· purified 

amino ·acids. Both the·mb;t:ures c:0ntained · limited amounts of all essen­

tial amino· adds, These mixtures m~ti,ntairied nitrogen equilibrium in 

· adult human_ subjects (4), 

From theexpe:t;'iment•stated above.it is·recogn:i,.zed that·relatively 

. small quantiti~s of eight essential amino acids will maintain nitrogen . . . . . 
. . 

• eql.li;l.illrium .in men and women, . Nitrogep._: re·tenti0n improves steadily as 

•the' quantities. of· essential amino aclds increase: simultaneously. 

~uantities of fodividt,tal Amine acids are of pri~aty · impprta.nce in deter-
. . . . 

··. . ., .. . . ··. 

m:i.ng man's ability t.o utilize dietary: protein effectiveiy. The· value 
. . . . . . . . - . . . 

0f supp{ement;:iry··ri:i,.t~ogen depends ori the -ainount and proportions of 
.. ·. . . . . (. .-·.· - .. 

· essentfal SllltnO·acidsthat are·present · (4,' 15). 



This author does not :,;ecommend the use of cry:staline·amino·acids 

for Pakistan which·is still a develc,pirig·countty.· Synthetic amino 

··-acids are.not available·in.·great amot,mts, andin most cases._the cost 

is high, . It is wise to find out how to. devi_Se and prepare mixtures ._ 

from the commoniy and locally ava~lable food sources. 

. .· ·. . 

Jf:Lsh Prot:ein Concentrate; as::. a Supplement 

. . ·. -· ... 
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Fish protein concentrate is·a food supplement-consisting primarily 

·-. of a dried_ and processed food protein· and of the -naturally associated 

vitamins .and inol;'ganic minerals (25) •. _·. 

Fish protein concentrat:e when·added to cereal and·legume prote:ins, 
. . 

. . ' ,·.. . . ' .. 
. . 

brings an. impr~vement _in prote;ij;l quality because . o;I; the: supplementary 

effects of fµe tequired amino acids :i;n. fish flour .. Stillings' (67) ,· for 

example, shqwed that a mixture of w]].eat. flour an_d fish_ flour had. a· 
··: .. · .. 

nutritional·value-apparent;ly·hig~el;' than that of.wheat flour·alone. A 

mixture of ten .percent fisµ.flo1.1r and 90 percent wheat flour had a 

prote~n efficiency ratio of· 3, 0 a_s compared to LO for wheat flour 

alone. 
. . ' . 

Met_ta (46), studied the nutritional value ·and accept~bility of an 

odorless; defatted fish flour as a possible supplement for East.Indian 

diets. The die.t containing fis_h flour w.as compared with a. diet_ contain- . 

ing·:whole -egg protein. Equal_ amounts of both the dlets were given to 
. ', . . . 

five male ·.rats :for 20 days, The mean .dai.ly gr~wth of the animals .• · 

consuming·fishflour protein was 91 p~rc,entof the:mean·daily grc;,wth 

of the-animals conatiming whole-:egg protein. 

Iri,one experiment<animal feeding tests we:re·conducted to determine 
. . . ·. 

. . . . . : 

·. if the n.utl;'lt::ive quality, of the protein of four vegetable supplements' 



used to improve deficient diets, could be improved by ad,dition of 

high· quality· fish protein concentrate. Supplements tested were (1) 

multipurpose food prepared by G~neral Mills, Inc. for Meals for Mil­

lions, (2) multipurpose food, (3) nutrobiscuite both formuhted by 
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technologists at the Central food Technologtcal Research.Institute, 

India,. and (4) Incaprina · formulated by investigators at the Institute 

of Nutrition for Central America and Panama,\ Groups of male weanling 

rats were fed diets containing a total of ten percent protein, eight 

percent from the vegetable supplement alone, or w;i.th one-fifth or two­

fifths of.protein from fish protein concentrate. In all cases the 

addition of. one of the levels of fishpr~tein concentrate to the 

veget~ble protein resulted .in significantly improved growth suggesting 

a bette:r: amino c1cid balance o;f the dietary protein. . Amino acid anal-· 
( 

ysis of protein in each.supplement and ip fish protein concentrate 

supports this conclusion (68). · 

In another study, chemical composition, biological quality of the 

protein, and toxicity weredetermined ;for·fish protein concentrate and 

sunflom; press cake. Fish-protein concent.rate enriched food improved 

the biological quality of ce.red foods when fed as the only source of 

protein, Fish-protein concentrate produced normal growth in infants. 

Mixtures cohtaining fish flour and sunflour press cake showed a high 

net protein utilization in rats, and produced normal growth in children 

when· they supplied 70 percent of the total daily nitrogen (78), 

From·the·above results it can be·concluded that fish-protein con-

centrate is .cl new 'food source that can be used to meet the protein 

ne.eds of children, It has high· protein content,. good biological value 

and absence of toxicity, Its high available lysine J;Uakes it· valuable 
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for· improving biological value of poorer protein$, esp~cially t:hose of 

cereals. 

Besides-improving.the protein-of the diet, fishflour.als0-in­

creases the-mineral content, especially-in rice diet (46), 

Vegetable puree -and cereal dishes enriched :with. fish-protein -

,c0ncentrateproduced in·Morocco were·fed to a test group of·infants·for 

· a six ·mcmths period. - A t~ree -percent coricentrat ion of fish-protein 

c0nce.ritrai:e" i,n the· food. as c0nsumed represented the· maximum acceptance 
' . 

level: Thi_s -percentage of fish-protein concentrate·_ iri- two meals pro-

' vided just over ten grams• of this concentrate daily per· infant. _ To-

gether with the vegetable prot~in der;i.ved from the local cereal and 

vegetable' weanling dishes, -this -y;i.elde"d the _eq,uiv:alent of 13. 2 ,gr!:lms 
. ~·,. ,: . ; . 

of ~efere~ce:proteinwhicfr more t:han fulfiileqthe- FAO standard of-12.6 
.·. . ._·. ··. . .. '.' , .•. 1.:,_·.··· 

grams. recommended for the we~nling-age group. · Weight :and·. length gains 
. -· •., 

-in this test group of infants compar~d with a control group did not 
. . .·. . ·. : . 

show ~ny statist:i.cal diff~ren~e _ (20). 

-__ Pakistan, has a .vast potential for increasing her catches of_ 

marine -_and<fresh~water ·;fish.. This ·potential .must, th,erefore, be -

tapped to raise the !:!Upplies · of fhh intended •for consumption· as· suph, 
. . 

-as well as in. the -form of pt;'oducts like -fish-prOtein concentrates. 
. . . ·. . . . : . . 

. . 

· The• Protein Comm;i.ttee of the NationalSci~nce Council has· recornniended 

th.is (.54) . 

Factories should be-established in.both provinces to prepat;'e 

fish~pr0tein: con~~-ntrate of_ good_ qt,iality, wit:h, a process· like th~.t of 

the Brue of commeJicial fisheries of the United States, 

To pop¥~arh:e -the ccmsumption ofJish .. protein concentrate,. inves~ 

tigatien should be organiz~d (~) to find out safe ind comtenient 



methods 0f us:i.11.g::the concentrate :in various· fo0ds acceptable· to· the 

·common man,.and (b) to·e!')tablish.an.organhed.-system ci;,f marketing 

: fish..:pr0tein concentrate· an,d '.its. ptoductsl· am~ng • the masses• at· low.· 
'! . . .\·· . 

·prices· (54). 

. . . . ' 

·· The ·werd legume is derived from .the· Latin legµmen, which ·meant 
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·any·leguminous plant. It ;is cultiv:ated throu~hout the world, inboth 

the tropics· and temperate zones .. 

Dry· legumes have been called .the "poor ma0: 1 s · m«;!8t, '' a designation 

of· intel;'est and importance fro!ll historical anc;Lother standpoints {13, · 

p .. Qh The legumes, iµ c;lrYfotm.sy.Leld- almost as many c~lories per unit 

of weight as cereals> Thefh·ave · c;i h;i.gh pio'tein content, r·anging · from 

· 17 to 25 percent. This awount of protein J.s about. ·daub l,a th~t of the 
.' .. ,·. .- ;: 

cereals. in general~ and sU.ght;ly hiigher .than that of meat' fish' . and . 

. eggs. The·soybean and 'groundnut are-exceptional in containing>about 

· 38 and .25' percent r,especti.vely of protein, 
.. , I . . . 

Most o~ t'he lieg~mes · cc,rnmonly · eaten by man contain l~ttle fat. 

They arefairly·~ood sources of thiamine,.niacin, calcium·and iron. 

· Dry legumeS, are aiinost devoid of ascorbic· acid, but they synthesize.· 

· a~corbic acid when th~y sprout (13) •. Legumes: as a group are one of 
' . . ! . 

the ·iil).portant human foods and one of rather special _interest from .the 

standpo:int of nutrition •. 
:· . :- . ·. •. . . 

Froin t;l-1.e nut~itional standpoint,·. the salie~t characteristic of 
•. ·:. . . . : : .- .: ·. .·, .. _· 

leguin~s> i~ their,high protein co~tent, But. prot.eitji=; differ in their 
. .. . ·,' ·._. : ·: . ·.· ·. . . . 

· capaCity t().:fulf:Ul protein· needs, according to the;ir amino, ~cid com-

positi~m. Sp,combinatio~s of several legumes can rµ.a'L<e · a m;i.xture whicp. 
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is high in protein qqantity as well-as quality. 

i'he fi:i:-st worker to use•- a legume to treat protein· sleficiency was 

Dean (13, p,. 81) who gave soybeans m:i,xed w;i.th -banana to chqdren with 

kwashiorkor in Kampala, in Uganda, 
! . 

In India, children with kwashiorkor were given chick-peas in the 

-form of flour made _from grains allowed to germinate-for two days. The 

flour was mixed with banana, unrefined sugar and water,. and autoclaved, 

givinga prodµct resembling steamed cake, Takeninamot,1nts prov;i.ding 

about 60 grams of protein daily, th,is preparation produced a good 

clinical respi;mse, comparable j::o that seen in similar children re­

ceiving skim milk powder (21), These experiments do not, however, 

cast doubt on the conclusion that legumes :Ln g;enera_Lenhan,ce the 

nutritive value of .diets. 

Pulses at).d grain occllpy a prominent place in the dietary patterns 

throughout Pakisti;ln. -Several varieties of pulses, peas, and legumes 

are eaten after cooking done OJ:' with meat, These are also mixed with 

-rice, or wheat to mal<.e bread, or ground to -a powder, for curry broth 

0r r0asted to be_ eaten as such (54), Even though pulses form an inte-, 

gral part of the-average man's diet :i,n Pakistan, very few attempts 

have been made to fo:i:-m a mixture w:lthseveral varieties, On the other 

hand mixing o:f various protein foods, each containing some-of the 
. . I . • 

-essential amino acids, ma.yin additive·fa1:1hion, supplyall the essen-

·tial amino acids, Totd qµapt:i,ty of poor quality protein ingested 

must -necessarily be -much larger than the· amount .of good quality pro"" 

tein (38), 

In her study of plant p:rotein mixtures Shakil (66) tried several 

combini:ltions of pulses·and_legumesavailable in Pakistanin order to 
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find. one which could me.et the· daily requirements of an adult man, She 

recommended the· following vegetable mixture (66 p. 8) as a satii;factory 

one·to meet the requirement of essentia:l.aminO acids: 

Peanuts 75 grams 
Mung 125 grams 
§ram 100 g_rams 
Sesame· seed 40 grams 
Either Whole 75 grams 
Wheat or Rice 

415 grams 

'.l'his researcher ,;malyzed her· mixture· for methionine· c0ntent with· paper 

chromatography, '.l'he·same mixture·can be. tried to determine the biolog­

ical value of the p1;otein through·the growth·of white rats, 

Jan (34) prepared f01~r diet mixtures and evaluated their value by 

rat feeding experiments. . Grains· and legumes used in hei study incl tide 

whole wheat flours,. white rice, cotton seed., ground mung bean' sun­

flour seed. and pumpkin seeds, '.l'he. mixtu·res did not permit animals to 

perform.satisfactorily, '.l'he·l;'eason for this was the-low methiomine 

-copteri.t of the diet mixture. 

' . .The Rat·· in,J.,aboratory ·Experiments 

'.l'he·albinp•rat.is one·of the important expe-rimenta.1 laboratory 

animah wl:i.ichhas contributed much in the·knowleclgeof science of 

nutrition. Optimum conditions for·thehousing, maintenance, breeding, 

and survival of laboratory, animals have been the subject of numerou9 

aut;horita.tive · wqrks some of which have been sponsored by scientific 

organizations dedicated to this purpose (51), 

Rats·are·omnivorous, They·are selected for expetiments because 

·theyhave similar nutritional requirement to m<=1n, '.l'hey-are (;lconomical 

to buy a.nd. to· feed and require little space to• live, Their life· cycle 



30-

is a.bol,lt thftty · times the :rat;e: of the human speci~s. 
·. . : . ··. . . 

· White· rats arf;! a good cho:i:.ce for· longitudinal st1,1dies .. They 

v II1l,1l t:i~ly: rapidly arid •have la.rge · li t:ters • v1hich pennit a high degree of 
.· .: . .. . ,. 

experimental control. The female ls· rea.dy for breeding: 100 days· after 

birth· and the. gestation per;fod is. 21 to·· 22 days which makes· it ·possible 

to st4dy IQ.any· generations·· iri. a .. ~hort- time· period, 

(32}: 

The-lifespan of a white rat compares to that of man as follows 

Human Age 
in Years 
Rat Age 
in Weeks 

. 2\ 
.. 4 

· 3 · . 3j 
. :; . 6 

.4 4~ ..•. 5 5~ 6 30 96 
·1 a·.·· 9 10 . 11 12 .·. 52 156 

Weanling rats, .twenty-one days. or older, and still in the· rapid growth 

per:i.od are used: for short:-·te~ feeding experimeµ.tS whfch ·are desirable 
' . . ' ,. ' . . . ~' .. ~; . . . . ; .' . . ...• 

·to·observ:e·growth effec:ts . 

. 'Ihe known dietary _regtii'rei:nent;:,s for "t;he. rats (23, p. 98) are: 
.- .-· . - . .. ,- .. : .. 

Calcium: 
Phosphorus: 

. Potassium: 
·sodium: 
Chlorine: 

. . .. 
!l;'on: 

copper: 
Iodine: 
Magnesium:: 
Zin~: 
CobaH: 
Aluminum:. ·· 
Arsenic: 
Boron: 
Bromine: 
Fluorine: 
Protein: 
Fatty Acids: 
Vitamin A:· 
Thiamine: 

·. Choline: 

40-50 mg,: 
0. 5. petcen:t · 
males 15,0 mg; feJnales 8,0 mg . 
0, 5 pei;-cent 
5mg. 
0, 2 5 mg; 5 mg,, . fo:r reproduction and 

·. lactation 
0.005 mg, 
1-2 mcg, 

.4 mg, per kilogram of body·weight 
40 mcg, 
0-4 mcg. 
1 mcg, 
2_mcg, 
0.8 mcg, 
5 parts in 10 million in diet 
1 part irl 10 millton in diet 
25 to 30 percent . 
25 mg,. methyl linoleate 
4mcg. per kilogratn.of ,body.weight 
10,rilcg.; 120 rncg. £cir lactation 

. 1 . mg,· to prevent;: renal lesions; 
2-3 mg~ to prevent ~atty liver; 15 mg. 
fo;- lactation 



Vttamin ,D: 

_yitamin E: 
Vitamin K: 

- -

none-if Ca:P %atio is bet~een 
_ ·-1:Lto 2:1 _ __ 
1 mg,; J mg. fot' gestation· 
n:ot requi:red 
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Visua_l comparison of ·the experimental rat to the control animals -

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

acteristic:s_of the well-nou;rished and poorly-nourished rat (5, p; 2) 

as follows: 

. THE WF.;LL-NOUIUSHED RAT 

·clean-smooth, glossy_hair;smooth 
tai 1, free -from roughness; bright -· 

-pink eyes; pinkish nose; eats, -- -
feet, and tail; clean: an_d tidy· 

. habits; ·quick, -alert movements; 
good muscle control;· easily· 

. handled; .good natured; firm 
:.!1,aHs.: 

.. · . 
_THE POORLY.;,NOURlSHED·RAT 

Shaggy, dull _and thin fur; 
rough, d:ry; scalr ears, 
feet and- t/ilU; ~ye,g · not 
clear; pinched look.in face; 
whiskers not long and sharp; 
poi;sibly dirty; restless, 
itri_table and cross; breath­
ing diffictiltj, susceptible 
t9_ 11SniffleS; II ppssj_b:le $Oft 

· .- .. · a.ails,_-.· · · 

From a long serie~ of_ pat fee~ing e?Cperiments ,. it has been .found · 

, that· both the· amount of food and itE! composition influence well being 

of the -;rats, the kinds of diseases they conttact, the se~erity of 

their ailments, !ind especiaUy, their longevity, 

Essential Amino Aci<f Requirements of -­

ti-he: Gr owing' Rat:, 

Several attempts have·been·made-so far to evaluate the nutritive 

-valuE;! of proteins from thelr amin:o acid content, Block and Mitchell 

(6)used the-amino acid composition.of whole-1:)gg protein as a i;itandard 

for ev·aluating the -chemical score.of protein based cin the most limit.-
} 

· ·ing amino.acid and obtained a correla_tion of 0,86. 
. - . 

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

amino ·acid requirement would serve best as a standard for calc4-latin:g _·_ 
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of the amino acid index. The minimum r equirements 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 

L-Histidine 0.25 

L-Lysine 0.90 

L-Tryptophan 0.11 

L-Isoleucine 0.55 

L-Valine 0.55 

L-Leucine 0. 70 

L-Threonine a.so 

L-Methionine 0 . 16) 
) 

L-Cystine 0.34) 

L-Phenylalanine 0.42) 
) 

L-Tyrosine 0 . 30) 

Diet 

0.50 

o. 72 

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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~h.:Ls part;i.cul~r.requirement iridex can be used as a.standard for protein 

requiremehts. i:>:t; rats (3'6) > 

The amotil.lt of fat in the diet:'also. af~ects the growth of rats. In 

one study t.wo diets were prepared for rats;. Th~. diets were modifi"'.:'· :: 
. . . . ' . 

cations .of relatively simple di.ets .cpmpbsed chiefly of semipt.1rified 

component.s ~-- ·;I~· :one group ~/,diets•, pt:otein and ht ~ere .varied by· re~ 
. . . 

placing 20 to 2·5 percent of the 1:1eillipuriJied diets with egg, ~:ilk, beef 
. . . 

and peanut butter. In a. second S!OU~ ~f diets., th.e So~rc:.e and level .of 

prote:inremained consta~t but the ktfriahd. level of fat varied.· .The 
. . 

:fa'ts ,were liydrogenati:!d ve·getable· oil, ·111t&·arid .butte,t;. thtf. leveh were 
•' _'. .: -:,' .~ · .. :. \.· 

. ~ight. to'· 16 perce't1t (1). ' '. .•..... 
. - . ~- . 

In g1:?ne,:i:al,. growtq ·was. good o~ ,all of the experimental diets under 

· investigation. · No evidence of dieta-.;-y defic;i.ency· was apparent; · Ypung ~ . 

···rats ten.dE!d to grc;>w more :r~pidly. whe~ the levels of fat were 1:7 to 19 

perc:ent. than when the diet ~ontain n,ine perc.ent fat or le.as. With sonie 

d{!;!ts the growth ~ate ·was associated with·•calorie i;ntake; with others, 

such as. those containing :·high levels. oJ egg' milk' .beef or peanut 
.. · . 

··. butter, it appeared to be-associated.with efficiencyof utiUzation (1). 

· Prote1n: efficiency tatio is a measure of weight gai1,1 of a growing 
. .. . . \ . ' 

. aninial divided by p;r:C>tein ";i.,;itakE! :< 
. ,' . .· ··.. .. " 

PEll :.;•]'1ei.ght Gain' (gm)··· 
.J:li:'Qtein. __ J;ntak.e ... (gm)' 

The l'ER .wa_s ·. used ~s ~atly; as · i 9:17 by Osboft1e and l'.lenqel. in their ·studies 
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estabUshing differences ;i,ri protein quality. Jt has most often·been 

·. applied to >studies· ort · laboratory ·rats, It is the· simplest method for 

·· evaluating protein quality since. it J::"equires only an .accurate measure of 

dietaryointake a-p.d weight g&in .. However, the method requires strict 

.. adherence to ce:i;-tain condit.ions: · . the calorie intake -must be adequate. · 

The protein rriust be fed at an adequal:e · but~ not excessive level. Be­

cause of·a higher level of dietary protein,.weight gain.does not in-

. crease prop.ortionally with protein intake (8). 

The· exper'j_mentalperiod in this method is usually· about four weeks, 

Certainly the· method afJords good comparison of bio.logical values 

between various .. proteins or between the proteins of various. mixed 

foods and feeds (74), 

Tl:i.El _gre~:t:est sou-rce oi;_ e;rror in ·the .PER method lies in .the i:.is.e of 

weight gain per seas criterion of protein value. Weight gain cannot be 
.·.. . . ·. · ..... , ., .... · '.· .. .., . 

assumed to represent proportional gain in body protein under all oon-

ditions. 

Food habits are the way people-have learned to select and consume 

food as :a result of social pressure. and cultural. tradition. - ln general, 

they are formed ea;r:ly in life·and are influenced by all the forces 

which mqld an individual's perso11ality ap_d his. behavior (48). 

Food_is always de;fined culturally, because each group in their own 

·evolutfort, sets·up a complex pattern of standarized behaviors. food 

habits vary. from .one cultur.al group -to· another, .. Individuals within a 
:_. .' . 

c_ulture · 'J;'espo_nd to· the approved behavio:r;al pressurei; by· selecting, con-
. . -

' . . .·. 

sum_i~g, and using.those foods which are available; Pr. May says (43, 



p, 87): 

It is true, therefore, that·food 11.abit!'i of a.group 
are the product of the group's present environment 

. and past history. Thos.e · food ha.bits· and customs 
which have become meaningful to the·group are care .. · 
fully held and not quickly,. changed, . It fo.llows, 

.therefore,.that.any one·who would change·a food 
habit must first undetstan.d the deeper meanings 
of the···partictila'r habit to the people. 

There·is considerable·symbolism associated with particular·items 

· in the.·. diet. · In the words of. Mead. (17, p. 336) : 

In most societies, food ;Ls:the focus of 
emot:Lonal associations, a. channel for interpersonal 

.relations, for the communication of love or dis­
criminat;ion or disapprovai; it usually·has a 
symbolic. reference. ' . 

Food habits pecome·deeply imbedded in personalities _as people are 
. ' 

'·raised in·B particular pait:~rn:. It .:is, one of. the basic media through 
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:wh:lch·attH~des·and sentiments·are communicated to the·child. The 

family meal situation, is one? of th~ l\YIP~h:~nt'evt:lnts · in producing 

morale or ·a sense of unity. · Certain food,s, eaten· early, ib. life,,· become 

associated With these 'famUy ·sentiments. ·· 
. . 

Introducing change :in food habits·r!aquires an understanding of the 

. •symbolic· aspects of the· differe!):t meals. . Change can be -easily· intro-: 

; duced in·retation to thefoe>ds·which·have less sentimental connection 

(17). 

Techniques of changing behavior were studied in two experiments 

· d,ealing '.With changes in fo.od habits. Individual instruction and group 

•· decision,._ and lecture: and group-de•cision ·methods were·· compared, The 
.·.. ·. ,. .· . . . . . .. ·. 

·· :first experiment was· coricerned with: .infant · :f;eeding, .. the· second with· 

· · increa.sing milk consumption in the family. .The· subjects were· mothers 

and housewives of law:..socioeconomic status. Results showed that the 
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·group decisionmethod was significantly more-effective-in leading 

. mothers and housewives to action than were-either individual instruc­

tion or lecture (37). 

Selling new·food products or introducing change iµ food habits are 

seldom easy. Introduction of any new food product should be developed 

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. Sensible 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). 



.. \· 

:''~,\ ·CHAP'.CERUI . 
.. \ 

. ME:THOD OF: <~R.OCEDURE 

· exten~tve i'iterature was ~evtew~d-t·o jearn ·the-:posstbility o.f .. mak-

iµg ve:ge,table protein miJ!:tures which would provide· grow-th and maintain 

-th:~ lif~ ·· of animals. · Some .,of the grains· and legumes used · in this study 

inc;lude :,rice, lentib,, ·. mung beans and -sesame. s.eeds. · In one ot .the 
. . . 

eJi:perimental dJet.s, fish protein ·concenttate· was used aii a sourc·e ·of 
. . 

ariimal protein. Grains:and ·pulses -were seJected on,the basis.of.their 

<!~St, ·av~ilahi'.lit; ·and acce-p:t:ibili-ty by t;p.e -~ortimon Pakist~ni people.·.· 
.· .. . . i . ' .· . 

Th,ree · di.et ;~txtur,es w~re ·prepared and fed. to ·18. rat:!?. f.9r.:-a .pe.rJ.od-:of 
. . . . . ; . 

six wee,ks~ 'Out -0:tf the -thte~ dte.t mi.xt:ures one v1as. used as. a. f:entrol 

d.iet while the other .two -wer-e .us.ed as Exper.iipert-tal Diets. I and IL 

Determination :of .Composition of: Diets 

. . 

The control diet was taken od.gi,nally from Lamb·' s M.anual for Nu~ 

tr.iti:on Courses in which cornstarch, fortried the major source pf -c~re~l 
.· . . ·. ·. •, .· . . 

· (39, .p~ .19}. Its compos~tion was :changed some .to equali-ze 'the protein 

and· calorie .content with Exp~r-imental 'Diets I and IL 'I'he ,protein 

level in all of t:·he diets wai; ,lowete,d t~ app::toxlma~~ly, 18 .• 5 perce-ll't 
. . 

. since -many' 'investigators h~ve used :from 10 to 18 p~r·cent .. prote:in (7, 

···JS, 36). After selec-tin,g the. p.at.ticular :;irain • arid .le~umes, ;:oc;):nake into · 

.· ·t-h~ .t:wo:7ip:e;ri~ental.•diets, ·the combitl.at;i..-On of'different. ingredients in 

· tw'o 'groups :~et:e. ,calc:ulat·e0d several times .in d.if fe~ient combinat;;i.ons ~. · 
. .. . . 1 .. ~ ... ., .•• -: . . . 
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;' : ' . . , - ',, . 

Att:emPts were made to get. the combip:ation in sµch .proportion that its 

,ess~nti.al a!J).ino ac.id COtp,pCJsit!c>n W~S.as close a~ ppsSJb1!i!tO ·the fol-• 

lowing.: 

., 
1, ·- Histidine Q O O' 

L - Lysine 

Tryptophan ·, ·q . D . II . 

IsoJeucine. ·. • 

... 

% of Diet 

0.25 

. • . . 0. 90 

0, ll · 

• 0~55 

t - Valine o o ' q . ;o, 0: o o< o o Q 4 5·.5 

· J;. - . Lei,J>cine .• • ...• · . . · , . .• • .• . 0, 70 

This .pat:t;eru; given above is considered as the minimt1m 'amino.~id re­

quil'.'e111ent. Bf ,.r.a1:S for i:na~ii:n4m grow,tJ1. (36:, /P, 88). It. ·.was .. •realized 

that .{t ···is·•• ... di:f.f ipult.·.·to g~t, :the ··'r'a£.icf '()f ·. am.in:o a.cid:s.·· in·. exa.ctJ.y .. the 
i • ·-··'. • '.'' ' ~ - . • ' . • ... ·., • _- ' • -

same am,ou,nLas the stand.a.rd. ratio for rat gro.wth, .Finally,. two. ratios 
. . . . . 

. were c!+o.sgn which were closest to the st~nciarc;l;'~tnino acid. pattern se..: 

lecte'd, The . amin-0 acid composition of · the three diets · use& in· this 

study are given . i.n Table I. 

·In Experimental Piet I fish-protein concentrate was added which 

made ,it ·quLt:e easy to balance the. amino acids. Methionine and lysine 

were the two most limiting amino aci'ds in Exper.imental Diet TI which 

was composeq. of veget:able proteins ·only. ·Methionine and lysine were 

adjusted by varying. the ·amounts of sesame seeds ,a-nd: mung beans. 

Providing suff.ic.tent 'Calor.ies was another problem while working 

with these diet mixtUres. Especfally in Experimental Diet. I,. the :cal­

erie · content was law at. the beginning. The amount .of ~cottonseed oil 

was increase<} -to make the calorie content the desired level. This made 

the diet :e~tremely e>.i'ly. No vitamins wer.e added in both the 



TABLE 1 

-L 
IN 100 GRAMS DIETS AM:>UNT OF ESSENTIAL AMINO ACIDS 

CONTROL DIET 

HISTI LYSIN TRYP ISO VALIN LEU . THREO METH CYS PHE TYRO 

.364 .967 .161 .791 .892 1.213 .516 .372 .046 .640 .702 

Brewers Yeast 
20% .204 . .539 .116 · .392 .445 .527 .384 .035 .099 .310 .310 

TOTAL FOR.· CONTROL ~568 1.506 .277 1.183 1.337 l.740~ . • 900 _ ~·407 ____ .145 .. 950 1.012 

EXPERIMENTAL DIET 1 

Fish Protein Cone . 2 
12% . 148 ~849 .-086 .487 · .450 • 712 .504 .232 .317 

Lentil - 30% .174 .452 .064 .394 .408 .528 .268 .054 .061 ,331 .199 

Rice - 41% . 043 .101 ;021 .119 .179 .220 ·.100 .046 .034 .128 .116 
TOTAL FOR DIET l .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% .174 .452 .064 .394 .408 .528 .268 .054 .061 .331 .199 

Rice - 16'7o .017 . -039 .010 .047 .070 .087 .039 .018 .013 ~050 .046 

· Sesame Seeds - 20% .070 .092 .011 .151 .141 .267 .112 · .101 .078 .232 .151 
TOTAL FOR DIET 2 .400 1.010 .Bl .938. .989 1.446 .615 .241 .191 . 912 .496 

1The amino acid ·content frf the diet 0fo,gredients,;was cal~·utatedus'i'rigiAm:i..no.Acid:Content of Foods (73) 

:2Fish protein concentrate .was obtained from Viobin Corporation, Monticello, Illinois 61856. 
-It cont:ained 85% protein on a dry basis •. - w 

,. - -· \0 
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\.): 

e~pe:riinent~F 4iets} _. $alt -mixtu~e W formuiated ;Per W~s-s<m\n,odif{cation 

>of·.os:bci)rne ·and Mendal.; -~alt ~ixture. was' a~ded to a11t6,~··a~~ts.1._. ', 

·_ .. The co111p~sitlon of -the .'three diets' in respect -to th~ 'percentage of 
:' ' . '. . . ' . . . ; 

-· . :: .· .• 

I~g_re:di:nts ·like 6asefa1, corns,tarPh>·:nrewers yea~t 'anci salt 'mix-. 
· .•.. , .l -, . 

., tµte,,-_which· WE!re· ·alk'eady':f.iriely grourtd were -carefully weighed .. Lentil 

',· and niu~g \ea~ were heated at ,120 degirees·,for two hour~ to -erevent the ' . · .. • : ·' ... ·. . . ·,' - . . . . . . .. ·.-. . . . ·:' .. 
. :· ·-

action of try?s in. inhibit ioi1 · ( 72, . p. --- 35) • . the , :i.ngred ients · sUch .• as •··. · 

ric~/ l~nt.ils' •mung 'b-e~ns, and ses~me 1:i'eeds 'wei-e ground to a 'fine con-' ' 

sist~~cy·by uiirig ~ W~ring bl~Jid¢r~ ~ All ihe 1~grediertts J~re weighed .. 

The dry·_,ing~edients -o}-;eacJ:f dfet; we~e ~ix~d thoroughly in large crocl( .. 

:.etY bowls; withtheJ1~lp_o(_~-_:p~sfry':f01;k. ··:,:X>L1' wa~-··:t'hen ~dded a~d ll78S 

cgbced. v~ry c~fu.pl.et~ly ~ith ··the total in,g:i::edients 'until. the mixture was ' 
• .. ' . .. ' .. _ .·' .. · ... :.. . '- ··,·. . .. · .. __ ·. ,,.: .. . -·: :. '· ... ,·. ' . ., . . 

."; '··.·<· _: 
homogeneo:q'i;i> )T~e diet ntixf\.1res •were stored .· in labeJed_ -glass Jars and 

' ' ' 

s~mp1itlg :and c:at:e of Rats~-
. '·.,· .. 

•we~nhng albino ·-male ·rats :welgh~p.g 50-. fo 60 grams ··were', used. 2 • -. 

~~~h rat·waa confined to.in irid.ivt°d~alwire-meahcage_with removable· 

. ,· . . . . . . . .. 
'l ' ' ,·,· ' 

•', _ Salt lllilt~ure W was<Qb,t'iiined 'fri>m Nutr.itidnal Bioch~mic;als · C9rpor- · ,. 
ati,.on, Cleveland,··. Ohio ·44128 .• 
' ' :2 ','' .·_, ..... · .. ·_ '< ,, : : ''• ' ·. '.·. ·. ,· ,, ' ,, 

-. i Animals ;,ieie :ob:taineci ·,froni 'l'he .}lolt'zman Company, .421 lioltzniari 
Road, ;~dison,: :Wj,:scons:i,n~-- . . . 



··'.._, 

'.I:ABI;e, '.2 

• CQMl'dStTION:of.•·tHE· cJN~~ot:ANP EXFERIMENTA.I, :D~Ts1 .·· 

. ·. Cas.etrt · . . 
Cornstarch 
. :siewers ·.xeast:'.. · ·.· 
. Cottc;>ns~ed Oil· 
·-coci tiverOil:'·. 
s·att. M:t~i:Ur~:::./ .. · 

.TOTAL. 

Experimenta._L Di~{' I . 

Fisn ¥rbte:j_n 
. '.· ... ·¢oncentrat~ .. 
·<tentil 

Ri~e} 
..• :tjo.tF:C,risef4 .. pil ·. ·:· • 
· Salt Mixt:ure ... · 

. $esam~ s.eed : 
· Rfce ·. 

Oil 
Salt Mfat::u:r:e .· ·.···· 

.· .•. i:i.' ( . 

· · .scf·.······ 

•.· ··It·./ 
2 

>:4···· 
·. ,lQQ. 

.12. .. · 
....... ·.30·'· 
. 41.··· 

14 
. :\N. 

:26· 
,30 
,20' 

··:t6 
' ::s 
···3 .. 

100 ... ·. 

• 7.6 .. 
·--,; 

. . ' 

: 9~36, .·· . 
7~41····· 

·:2.;74 ... 

18.41 

: ·.~··""!"· . 

12 

.. 14:···· 
' ~·;,.·· .. ~:.. 

. .. ··.·. 412; 60 .· 

. ··. 37:.44 
· .102. 

'148: 
>126 . 
.--,,..·· 

aa";4.Q .. 

· 1~.6 . .' .}~!:~g. 
;..;.·,... f :: ... ·. · ::.·,: . . sa:/Oa/ 

.s/0 C . 45 .:oo · 
..- .,~-.:. 

·.· .· 15~·6 · ··. 409~88: 
. . ' · ..... · 

·.·. · 41 

3ihe prote.i{l, fat and calorie ·~·orttetit of ¢a¢h di¢t mi:l{ture ·w~s 
ust~g· Bowes and: Chur,ch 'Fc,~d Val~es> of ]?ortions· co.mmonly· 



bottom trays. ]?aper was changed and the cages washed once per week 

with strong detergent, dipped in chlorox water and rinsed in clear 

water. The animals were born on February 16, 1970, were received in 

the laboratory on March 11, 1970 and feeding was started the same day. 
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Animals were randomly selected for each diet group for th~ 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 

through 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 

number was placed on Experimental Diet I. A third number was drawn and 

this rat was placed on Experimental Diet II. This procedure was re­

peated until all 18 animals were assigned to the three diet groups. 

Their initial weight was recorded in the laboratory record book. 

All the 18 rats were marked by using ea1; notches and/or color as 

follows: 

Rat Number 
Rat Number 
Ra.t Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat ijumber 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 
Rat Number 

1 - No notches 
2 - Right ear one notch 
3 - Left ear one notch 
4 - Right ear two notches 
5 - Left ear two notches 
6 - Right and left ear one notch each 
7 - Right;,ear one notcl:i, left ear two notches 
8 - Left ear one notch, right ear two notches 
9 - Right ear ... two notches, left ear two notches 

10 - Right ear one notch, red head 
11 - Right ear one n~tch, red tail 
12 - Left ear one notch, green head 
13 - Left ear one notch, green tail 
14 - Right ear two notches, red head 
15 - Left ear two notches, green head 
16 - One notch right and left ear, red head 
17 - Green head 
18 - Red head 
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Rats number one 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. 

Feeding Procedures 

From the beginning of the experiment 15 grams of food was givea 

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 was 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 
gms. 

Food Left 
gms 

Food Eaten 
gms 

Wt. of 
Rat 
gms 

Remarks 

Plenty of distilled water was given in the feeding bottles every 

• 
day. The rats were weighed at the beginning of the experiment and each 

successive Tu~sday and Friday. 

The tempera,ture ~f 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 KruskahWallts one-way analysis of variance by ranks was used to 

test the null hyp0thesis that the "k" samples came from the population 

or from identicql populations with respect to averages. Seigel (69, p. 

184-185) outlines the analysis as follows: 

In the computation of the Kruskal-Wallis test, each' 
of the "N" observations are replaced by tanks. That< 
is, all of the scores from all of the "k" samples 
combined are ranked in a single series .... When this 
has been doneJ 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" samples actually are from the same 

population or from identical populations, that is if 'ft ts true, then 
0 

H ... is distributed as ~hi square with df=k-1, provided that the size 

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

given in Siegel (69, p. 185) and is as follows: 

H = 
N 

Where 

12 k R .. 2 
J - 3 (N+l) 

n. 
J 

(N+l) I 
k 

n. 
J 
N 

R. 
J 

k 

= 
= 

= 

= 

j=l 

number of samples 
number of cases jth sample 

~N., the number of cases in all samples combined 
J 

sum of ranks in jth sample (column) 

L directs one to sum over the k samples (columns) 

j=l 
is distributed approximately as chi square with 
df = k-1 for sample sizes (njs) sufficiently large. 



When there are more than 5 ca~;es in the various 
groups, that is Pj>S, the pfobability 1 ~ssoc::,i~;ted 
with the occurrence un:der J::I~ of values .as· laii:ge, 
as an observed II may·be determined PY reference 

. to Table C of tp.e App~ndi2<; {69, p. 249). . . . 
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· lf-"t·:i:es ·Ocfur · be-t-weeri4W&-~;,.,-~e&~,:~~: valtie-:'bf H i,s · 1H>inewha t 
. . . . : : . . . . 

inft'uenced.by these tJes .. (>ne may correc·t .for ties in· computing a by 
: ... · ... ; ·_· , . 

using .the_ for,muta for a and then 'dividing by (69, p. 188): 

· Wher.e T "F 1;:3 .. t_ (when t .is the number of. tied obi;erv~t:i.ons in -~ tied.· 
. . 

gl'.'oup of 'scqres) ,. •. 
\ . 

: N .. = number of observatiOns ·· in· a~l k · samples together~ that is 

'N'..:= ri\·~, . J 

I:T •:a:Lte,cts 'oa~ · to s~gi. all group/ of;\ie1: 
',:.. . .· 

. Tl):us a' ge·n~ral. ~~presslon :for H .c:orrect.ed for ties is: 

k 2 : 
12 . I] R · ' ' 

- · 'N '(N+l) ·;~1. ,7.-· - 3 
. ' . . )------~ 

.. • 

(N+lh·< 

l -.·!:T 

~3 ~ N 
. . . ·. ·. 

the effect o;f. corre6ting for ties is to' increa1:1e the value of .H and 

thus 1;:q make'theresult more significant than: lt wouJd have peen if un-

· corrected~ · 
. 2 . ; 

· By interpol~tion in the t~hle of X ordinates h~ving· two degrees of 
..• _ 1 :· • • .• 

freedom the sign(ficance of the H value can be determined (69, p. 249). 



CHAPlER IV 

RESULTS AND DISCUSSION 

·At the end of six weeks of -~eeding, three rats, one from each 

group~ were sacrificed and examined internally. Comparison of the 

lungs,. liver, kidney and intestinal tract revealed no deviation from 

normal. Presented bdow is the final weight and overall length of 

each sacrificed animal from the three groups: 

Control 

Experimental 
. Diet l 

.Experimental 
Diet H 

·Final Weight 

215· 

219 

Overall Length 

14 l/2 inches 

14 1/4 inches 

13 3/4 inches 

Animi;i.l number ten in Experiment Diet I was ill from the onset of 

the experiment and was eliminated earlyin.the·study. 

The calculated protein efficiency ratios for each animal and an 

average for each experimental group is presented in Table 3, 

The protein efficiency ratios presented in Table·3were ranked in 

p:reparation for· analysis of the data as follows; · 

. I,,;. 



Rat Numhe1r 

1 

2 

3 

4 

5. 

6 

7 

8 

9 

11 

12 

13 

· .. 14 . 

15. · 

16 

17 

18 
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TA;ijLE 3· 
. . . . . 

PROTEIN EFFICIENCY RA'l'IO OF· EACH ANIMAL 
·.. . . FOR THE SIX WEEKS . OF · FEEDING . 

"<Co.JJ,trol .. Diet ·· 
·Tqtal Weight Tota:lProtein 'Protein.Efficiency 
· Gain in. gm . Consumed Ratio . 

i 
177 gm· 

161gm 

. 206 gtn •. 

190 gm 

156 ·gm 

•235 gm 
'. ~ '· 

'...103 .so gm 

.. · 

· 88~78 gm 

108.30 gm 

104 .52. gm 

104. 70 gm 

124.40 gm 

• • E:kper:i.ment~l · Diet I• · 
• • j (. 

119 

.. 11.5 

203 

142 

no 
145 

.112. 

115 

158 

163 

gJ.'!l 

gm 

gm 

gm 

.. 

· 80 .. 73 ,gm 

14.Q.2 gm.·· 

116.90 gm 

91.29 gm 

z4.5o gm ... 

Exeerim.ental .D;i..et ·.u 
gm 69.00 gm 

gm 97.83 gm 

g:!Il · 74.46 gm 

gm 77 ~80 gm 

gm 92.16 gm 

gm 90.04 gm 

l. 71 

l,.81 

1.90 

L81 

1.48 

1.88 
AVERAGE 

1.47 

1.55 

1.73 

1.55 

1.26 

= 1. 76 

AVERAGE = 1 ;51 

l.59 

1.4~ 

L50 

1.47 

1.71 

1.81 
... AVERAGE = 1.59 · 



48 

n = 6 N = 17 
PER 3 Rank 

n ,::;: 6 n = 5 
PER l Rank PER 2 c,. Rank· 

1, 71 10.5 1.47 2.5 1.59 9. 0 . 

1.81 l,4. b 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 1.81 14 .o 
46 .5=R3 

Substituting the· .various figures in .the formula for H ;i.t is: 

12 
H = ~------17 (18) 

( (7~)2 c30,5/ 2) + + (4665) .. 3 (18) 
5 

12 
= 17 (18) (1509.09 - 3 (18) 

= 59.18 ~ 54 = 5,18 

To correct for ties the value for H' was determined by the fol­

. lowing calculation: 

H' = 5.18 
1 - 48 

-1-,73.----~1-7 

5.18 
=· •• 996~ = 5,23 

Er= 4 (8-2) + 1 (27-3) 

= 24 +·24 = 48 

. 2 
Going to the table for X ordinates having two degrees of freedom 

the probability of obtaining at value of H > 5,18 (or U' > 5.23) lies 
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between 0.07 and 0.08. That .is, based ori the resµlts of this experi­

ment one would not reject the null hypothesis that the thr~e popula-

populations differ j.n ~ome respect for any significance level less than 

about 0.08. 

Since the statistical calculations do no.t show any .significant 

differences in the three 'diets,. the three general hypothesis must be 

rejected. However, comparison of the feeding c.harts shows that the 

daily food 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 di~t, the flavor of fish protein or lack of 

some B vitamins since·. no vitamin concentrate was added. If·. equal 

amounts of food had been eaten daily by all the groups this might make 

the PER values high enough to make. them signifgant. 

A second factor which could have affected .the results is the num­

ber of rats in the different groups. Only six rats were used for each 

group. In Experimental Diet t one rat was eliminated because. of ill­

ness of unknown origin. Seventeen rats, that composed the.total popu­

lation in the experiment, is a small groups which was i:iot large enough 

to prove any.statistical significance. Increasing by two to three 

times the number of animals in each group lllight make the results 

significant. 

A lower percentage of protein in the diets may bea factor which 

influenced the results. The three diets had a protein content at the 

18 tol9 percent level, whereas Gr;i.ffi,th and Farris (2;3) recommended a 
I 

25 percent level of protein for good growth. But there is evidence in 

which the·. experimenter· u.sed only· a 10 percent level of protein and 
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obtained good growth (7,35,36), Since there is a scarcity of protein 

food in Pakistan the higher level did not seem to be advisable in this 

experiment. However, if a 25 percent 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 aim of this study was to compare the efficiency of a vegetable­

protein mixture and a vegetable-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 weeks. 

The visual observation of the rats during the.experimental period 

qid not show much d;Lfference among the animals receiving Experimental 

Diets I and IL The Control Diet was readily acceptable. The rats in 

this group ate more food daily and gained more weight per week than the 

·experimental animals. ExperimentalBiet I was the ·least acceptable of 

the three diet mixtures. Rats in this group gained the least weight. 

The rats in Experimental.Diet II showed fairly good growth. The over­

all condition of the rats in this group was superior to the animals on 

E:x;perimental 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 considerably larger sample of animals in 1;:ach 

group might have shown significant differences among the three mixtures. 

Since the two diet mixtures were good enough to support life and 

growth of white rats, they can be recommended for human feeding if the 
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total protein content. is increased ta, 25 percent o:r more. Vitamins 

which the Pakistani 'people :get . through leafy green vegetables may· make 

these mixtures more efficient. 

E_xperi~nts with. suc:h a small number of animals are not. valid 

enough to prove the efficiency of these diets. Since it.is not p0s~ 

· sible for one person to handle a 1ai'ge number of rats, continued· 

. research in the area is highly recommended. ·. The author. thinks that .· it 

will be wise.to-try this same combination of ing;redients but to in~ 

· crease the percent of pr-otein fed.. · Care· should be taken to 'maintain 

the same ratio of essential amino acids·a,s.in this study. It is also 

suggested th.at. the composition of food in Experimen,ta1Diet i be 

changed to lessen the oily appearance 'of C this> diet 'in aii effo~t to 
~ . . . . '. . .: . . ' " . .· . , ' . 

increase a~ceptkbiltty. · vitam;L1is ·may be ·added t:o both e~perimenta1 

diet mixtures in natµral form by using green leafy vegetables 

available in Pakistan. 

r· 
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Ear Marks 

.No Notches 

· Date 

1970 
March 

11 
12 
13 
14 

16 
17 
18 
19 
20 
21 

23 
24 
25 
26 
27 
28 

30 
31 

TABLE 4 

SIX WEEKS RECORD OF FEEDING THE CO~TROL DIET 

Weight Gain 

grams 

59 

64 

92 
' 

llZ1-

136 

147 

164 

:(Animal .No. 1) · ' 

·Food Given 

grams 

15 
15 
15 
30 

15 
15 
15 
15 
15 
30 

15 
15 
15 
18 
18 
36 

18 
18 

Food Left 
Over 

grams 

11.7 
7 .4. 
6.3 

1L6 

3. 9-
2. 8 
3.8 
2.7 
3.6 
7.0 

1.2 
2.1 

0 
8.1 
6.1 

11.0 

2.2 
6.3 

Food Eaten 

grams 

3.3 
7.6 
8.7 

18.4 

11~1 
12.2 
1L2 
12.3 
il.4 
23.0 · 

13.8 
12.9 
15.0 

9.9 
11. 9 
25.0 

15.8 
11. 7 

Remarks 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

· Normal and Active 
N-0rmal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal:c:J.nd Active 

NormaL .and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal and Active 

°' 0 



' . . : Ea,~ Marks· Date. -Weight Gain 

No );teJ. . .\f ;:11 

.·,6 
07··· 

8 
. '.,,.i_ .• _· 

.iQ 
11 ·· 

·/it. 
·is . 
· 16·--•· 
_n-_ 
l.8 ,, 

.· ·20_ 
21 

'. 22 
23 

· grams 

' .··-· 17() 

.T86'. 

}92?' 

202·· ·. 

217 

· 227 

. .- :-~ - : .. .. . . . . : . . 

',•' 236. 

TABLE .• 4·(cortti~~ed). _.:: Ani*1al No~ :1 

Food .Given· 

gi-airuf 

..•. -...•.. :>· 
·18 

18 
18 
36_ 

,·: '. .. 18 

,l8 
is 
18 .··. 
Is·<-· 
,36 

18 
18 
18 
18 

. 21 
· 42 

.··. 21 
21 

. 21 

Food <Left -· 
· .over .. , food Eaten , · Remarks' 

grams 

2.1 
7 .• 3·. 

-.3_ •. 6 · 
BS 
> 

o.~4 
' ~~J. 
·._.·];0 

4~2 
>Ls 
1:2 •. 4 

-4.1. 
.5.1 •.· · 

. 5~0 
T.9 

·. ··.[/.5 .· 
11/2: 

·-s.2,' i' 
. 8 ~ 9 

6.6 · 

·-.. ___ ·.· ·-g;ams · .. 

15.9 
. -10. 7 

14.4 
· .. 27.5 

•... il.6 
_ JL6 
'. lL.O : 
' 13~8 ·. 

•. i6.5 ,· 
23.6. · 

. 13.9 
.p."9 

•.. _13.0 
·. 16 .1 

16. 5. . 
24.8 

12.8-
, 12.1 

14~4 . 

Normal and Aeti;,.~ 
Normal and-.Active 
Normai and Active 
Normal and: Active . 

Normal. arid -A~ti~e. 
-·.-·. N'~ri:nal ~nd Actiye 
'°'i~:ormal .· ind Active 
' ., Normal ~d A~_1:ii,~: ' 

'Normal :and Active .· 
N.orntEll and Active . 

. . .. -

Normal andAct:ive · . 
Normal andActive 
~ormal and ~tive 
Norrll.;ll.and-Active 
Normal and Active 
Normal and Active 

Normal and Active> 
N~rmal and Active 
Normal andActive· 
.Terminated Weight 

·O\' 
1.-"' 



.'.[ABI$4:c (Cohtin.uedJ - Ani:ma1 No., 2 . 

12,7 
9.0 

.1L8 
9.8 

· 10.7 
19.3 

and . Ac't i ve. · 
a.nd A,:'tive 
an<l·A.ctive 

:Normal a.nd Active 

Normal 
Normal 

.Normal 

and .. Active 



TABLE 4 (Continued) ~ Animal -No. :r. 

Food Left 
-- Ear .· Marks . Date · Weight Gain Food Given Ove.r Food Eaten Remarks 

1-Ri~ht T970 grams grams grams grams 
April 

l 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 Active 

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 

a-
w 



16 
17 
18 
19 

·20 
Zl 

55. 

grams, 

15 
15 
15 

. ··30 

1S: 
15 
15 
15 
15 
30 

15 
15 
15 
18 
18 
36 

18 
18 

Over 

_grams 

.8.6 
6.9 
4.3 

10.3 .• 

5~0 
3.8 
S.3 

; .4 .• 1 
3.9 

. 9.2 

5.8 
5.2 
4.3 . .. 

10.5 
6.2 
8.5 

3.9 
·2.8 

No~:z 

.Food Eaten 

gr~mis 

6~4 
.8.l 
10.7 
19.T\ 

10.0 
11'.2 

9.7 
. 10.9 
·11.1 
20.8 

9-.2. 
9.8 

10.7 
7.5 

11.8 
27.5 

14.1 
15.2 

.Normal and Active 
Normal and Active 

·Normal and Active 
Normal and Active .. 

Normal and Active 
Normal <indActi.ve 

. Normal and Active 
Normal.and Active 
Normal and Active 
Norm13-l and Active 

Normal and.Active 
Normal·andActive 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and A.ctive 
Normal and Active 

0\ 
~ 



·. Ear Marks 

1--Left 

.·Date 

1970 
April 

1 
2 
3 
4 

6 
7 
8 

grams 

173 

210 

. 232 

TABLE 4 .(Continued) .. Animal No. 3 

··. granis 

18 
18 
18 
36 

18 
18 
18 
18. 
18 
36 

18 
21 
21 
21 . 
24 
42. 

21 
21. 
21 

Food Left· 
Over 

grams. 

4~5 
4.8 

.4 
,5. 3 

5.9 
2.8 
5..1 
2~6 
2. 9 
7.7 

' • 7 
6.0 
6.4 

.. 12 .2 
4.9 

14.2 

4.4 
5.5 
1.4 

·· Food Eaten 

.gr.s.ms 

13 .. 5 
.13.2 
17.6 
30. 7 

12.1 
1s.2· 
12.9 

.1S.4· 
15.1 
28.3 

17.3 
15.0 
14.6 

8.8 
19.1 
27.8 

16.6 
15.5 
19 .6 · 

Remarks 

Dump the. Food Jar 

Normal and Active 
Normal and Active 

and Active 
· Nornial and Active 
Normal and Active 
Nor:mal and Active 
Normal and Active 
Normal. and Active 

Normal and Active 
Normal andActive 
Normal and Active 
Normal and Ac.tive 
Normal andActive 
Normal and.Active 

Normal and Active 
Normal and Active 
Norinal and Active 
Terminated Weight 



. Ear. 'Marks 

2"'Right 

Date 

.11 
12 
13 
14 

. 16· 
17 
18 
19 
20 
21 · 

23 
24 
25< 
26 
27 
28 

30 
31 

Weight. Ga.iii 

grams 

56 

74 

9'J 

116 

1.36 

157 

TABLE 4 (Continued}i -:,Animal No\ 4 

left 
Food Given Over .. Food Eaten Remarks 

grams grams grams 

15 7.7 . Normal and Active 
15 8.9 Normal and Active 
15 8.9 Normal and Active 
30 19.2, · .Normal and Active 

15 9~0 Normal· and Active. 
15 10.2 Normal and Active 
15 9.2 . Normal and Active 
15 14~'8 Normal andActi.ve 
15 13.9. Normal and Active 
30 23.8 Normal and Active 

15 3.8 11.2 Normal and Active 
15 4.9 10.l Normal arid Active 
15 .1 14. 9 Normal and Active 

" 18 .1 17~ 9 Normal and Active 
18 2 • .3 15.7 Normal and Active 
36 9.6 26.4 Normal and Active 

18 3~6 14.4 Normal arid Active 
18 T.4 10.6 Normal and Active 



TABLE 4. {Continued)·- An-i~l N:o. 4 

Food Left 
Ear Marks Date ·. Weight Cain Food Given Over Food Eaten Rema:rks 

2-Right 1970 grams grams grams grams 
April 

.. 1 1.8 1.1 16.9 Normal and Active 
2 18 5.9 12.1 Normal ana Active 

i3 181 18 8.5 9.5 Normal and Active 
4 36 4.4 31.6 Norma,l .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 N-0rmal and Active 
9 18 .4 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 

o, 
-...J 



.. .. .. 

, Ear Mark~.·· 

'2..;Left 

· Pate' · ·We:ight Gain 

1970 
March··· 

'i{ 
rn. 

, .1_3 
14 

:· ·. ·.·:· .. ·, 

if' 
17 
18 

<19. 
·-:.20-.·· 
,z1 · 
. 23. 
-24 -

_ 2s: 
· .. 26 

27 
is .. ··-

-. ''<3i /' .. 
,Jl.' 

·grams 

59, 

74 

-98 ,•' ,'' 

115 

143 

143. 

157. 

, , 

TABLE • 4 .. (Cbntfmied);.:. Animal No. 5 

Food Given:. 

is 
15 < 
15 

,30 

15 
15 

·., 15 
15 

··15 
30 

15 
- .18 
.1sc· 
18 
18 -

.36:'_. ', · 

18'­
·. 18 

Food . Le ft -

.. grams·· 

8.8 
,5 .4 · ,, 

5.2 
9.6 

:L9 
<:3~3 

_ . __ ,;. 4.0 .. -
'•, 3;4-. 
-,,.1._o·· .. · 
. 7 .. 5, 

·o 
, 5'~0 
4.9-
5.9 
6 .o -

· 10.5 _ 

.·_ 4.i 
4.3 

· Food • Eate'ri. 
' ·. . 

···grams 

6.2 
9 .. 6 
9.8 

20.4 

- .··11~1. 

11.7 
-11.Q _ 
11 .. 6, 

·14.'ct · .. ·· 
,22.5 _-'.·. 

. , 15.0' ,, 
,13 •. 0 · 
13.1 

·; 12.1 
12.0. 
25 .. 5 - ,, 

,13 .9-' 
· .. .13. 7 .. 

Remarks - · 

Normal and Active 
Normal and Ac.tive 
Normal and A-ctive 
Normal and, Active 

Nornial and.Active 
, .· r;qorf!ia.1 •- and Active . 

Normal and-Active 

··• t~:;t ::t;:::!it: -.. -.-
NorJi).al and Active 

Norma 1 and Ac t-ive 
Normai and Active 
·Normal ~nd Active 
Normal.and.Active 
N~rmal and A~iive 
Normal ari,d.Active· 

No~~~l and A~t iv~ 
Ndrmal and Actiye 

-°' 00 .-.-_ 



.• -_ -TABJ,E 4 ><cdn~ inued) - . .ap,,i~~{f~~~:~.s:. -

·. ,:·.:· .... ·._ ..... 

Marks · - - >nate · -- ;weight Gain> - _Food Given 

--- __ :2-Left - : 197-0 

4-P;c:tl' •· 

- ·I 
-2< -, 
3 
4 

6 
. '7 

8 
9 

:11-0-: 
·- tr 

. i~ •.• 
14 
1S• 

·-16 -
·_17 

18 

- -20 
21 

·., 22 -

_23 

gram.' 

· 162•· 

174 _. 

'i81, 

'.. --_ :.-. ' '···­
. -192-

.204· . 

213 

215 

- i;a~•_----_-__ .--

C.18 
_ 18 . 
18 
36 

... : ·._..:·· .. ·. ·.·. / 

---·· .. 18 
--18 

: 18 
·18 

_ -·· 18 
-· 36 

--18. · 
.. 18 · . 
18 
18 , 

:21 
42 

_ 21-.·­
·•-21 .. · .. ·. 
·_·.21 

·,:..-.,. 

--_.Foof .;~ft·· 
·Over 

,grapi: --

3~1· 
- _- 9.1 .. -

i~4 
11·.4_ 

-~'~3 ·• 

- _5.4< 
6-~-6 -

' ;"•: 

·- 4.4. -­
.... ·4)I'----
- 10~8 

't/~·9_'• 
5~2 

-· ,:4~7 
_ .,:2~7- -
- ---6_-.··--8•.-. ,., .... 

16~9 

4,:6. 
; ·- ... ·., 

6,.6 
--- .. 9)7 · 
-·:·:·· .... 

Food<~Eateri' - Renw.;k~ -
gram .• --

14.9 
8.9 _-__ 

_1·5 .• 6 
- 24.6 

11. 7 -· 
--_~1,.6" 
11.4-··. 
13.6 

":L3 •. 8>'" 
--25.2 -

__ ... J3,.l:_. 
··:1.2.~. 

- : 13~1-
·- 15 .3 
· 14.2 · 
25.i .. 

;t:· 
"-11.3 -

Dump the Food Jar ' 
Normal.and.Active 
Normal• and .Active 
Normal -and Active 

Normal and Active 
____ • Norma], -_ i;J.rtd .Ac.:t:.iy~ · 

·-- Normal and )\.cti.ve 
. Normal an.cl Acti. ve 

·•--. Nc,rmal 'arid, A-ctiv-e\ ; . 
Normal and Active 

Normal and Active 
-- . Normal and Active 

Jforinal and Active 
· · ;Normal and. Active 

· Nor.ma! and Active 
"Right. ~ide is out:. . 
.of ·fur; everything 
else iK OI< --· - · · 

·.. · ... · .... 

·•-:• A big patch :of fur 
' '.missing; it increases 

'-· •. _.' .Jittle; it. se~s patch 
' ; willdevE!lop ori other-· 

. . . . 

'Si-de_ too· 
Tet@in..at'ed WeigJ:i~ ·°' \0 



~Ear Marks 

·, 

Date. 

1970 
March 

23 
24 
25 
26 
27 
28 

30 
31 

Weight Gairi 

grams 

58 

69 

114 

146 

167 

192 

··TABLE 4 {Continued)- AnimaLN;o. fr 

Food Given 

'grams 

15 
15 
15 
15 
15 
30 

15 
18 
18 
18 
18 
36 

18 
18 

Food Left 

gram.s 

7.5 
7.3 
6.1 
9.9 

.1 

.} 
2.4 

·L.3 · 
4.0 
5.8 

2.4 
.0.2 

Food ··Eaten Remarks·· 

7.5 Normal and Active 
7.7 Normal and Active 
8.9 Normal and Active 

20.1 Normal .and :Active. 

8.8 <Normal and Active 
12.3 Nqrlllal arid Active 
10.3 Normal and Active 
12.9 Normal andActive 
13 .o. Normal arid Act::ive 
25.8 Normal and Active 

14.9 Normal and Active 
17.3 Normal and Active 
15 •. 6 Normal.and Active 
16.7 Normal and Active 
14.0 Normal and Active 
30.2 Normal and Active 

15.6 Normal and Active 
17 .. 8 Normal arid Active 

-...J 
0 



-Date 

. 1970 
Aprj_l 

13 
14 
15 

· 16 
·.·17 
18' 

20 
21 
22 
23 

Wei.g_ht Gain· 

grams 

199 

235 

254 

268 

TABLE 4 (Cont.iriued) -- AnimaLNo: 6 

Food Given 

grams 

21 
21 
21 
42 

21 
21 
21 
21 
21 
42 

21 .· 
21 
21 
21 
24 
48 

21 
21 
21 

Food Left 
Over 

grams 

2.0 
8.1 
6.6 

11.6 

6.6 
5.4. 

.9 
7.1· 
6 .• 2 

11. 9 

3.4 
2.7 
2·. 9 

.7 
6.5 

12.5 

3.4 
2.7 

. 4.5. 

Food Eaten 

19.0, 
12. 9 
14.4 
30.4 

14.4 
15.6 
20.l 

· 13.9· 
14.8 
30.1 

17.6 
18.3 
18.1 
20.3 
17.3 
35.5 

17.6 
18.3 
16.5 

Normal and Active 
Normal and Active 
Normal arid Active 

. Normal and Active 

Normal and Active 
.Normal and ACtive 
Normal and Active. 
Normal arid Active 

•Normal·and Active 
Normal and Active 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and.Active 
Normal and·Active 
Normal and Active 

Normal and Active 
Normal and Active 
Normal and Active 
Terminated Weight 



Ear Marks Date 

l'.""Right 1970 
2-Left March 

11 
12 
13 
14 

16 
,17 

18 
19 
20 
21 

23 
24 
25 
26. · 

27 
28 

30 
31 

TABLE 5 

SIX WEEKS RECORD OF FEEDING THE EXPERIMENTAL DIET 
(Animal >No, 7) 

Weight Gain Food Given Over 

grams grams grams grams 

58 . ·.15 ].6 7 .4 
15 9.2 • 5.8 

65 15 9.5 5.5 
30 19;8 10.2 

15 11.7 3. 3 
72 15 .. 8.6 6.4 

15 . 9 .2 5. 8 . 
15 7.6 7.4 

78 15 ·8.2 6~8 
30 13. 9 16.1 

15 9.4 
99 15 · 8 .8 

15 7.0 
15 8.9 

106 15 . 7'. 2 
30 17. 9 

15 4.0 · 11.0 
15 6.3 · 8.7 

Normal and Active 
Normal and Active 
Nornial and Active 
Normal and Active 

Rough fur with 
slight yellow.· 
color 
Rough fur with 
s 1 ight yellow 
color 

Fur looks much . 
improved 

Fur looks normal 

"' r-.;· 



··. Ea.r -cMarks 

· 1-Rig_h.,t 
2-Le.ft 

Date 

1970 
.April 

1 
2 
3 
.4 

. 6 
7 

..:8 
·~. 

10 
11 

13 
14 
15 
16 
17 
18 

20 
21 · 
22 
23 

Weight.Gain. 

--g-rams 

120 

130 

134 

146 

154 

170' 

177 

TABLE 5 (Continued) - ~,imal No. 7 

Food Given ··. 

gr.ams 

· ,_15. 
15-
15_ 
30 

15 
lS 
18 
18 
18: 

36 

18 
21 
21 
21 
21 
42 

21 
21 
21 

Food Left· 
Over 

gr-ams 

6.1 
4.5 
2 .• 5 

12.9 

5.0 
8.2 
7.5 
9.2 
7.7 
7 .4 

4.5 
8.4 

10.8 
9'.4 

1L7 
15.6 

3.9 
5.1 
4.2 

Food Eaten 

&"rams 

8.9 
10.5 
12.5 
17.1 

10.0 
9.8 

10.5 
8.-8 

10.3 
28 • .6 

13.5 
12.6 
10.2 
1L6 
9.3 

26.4 

17.1 
15.9 
16.8 

Remarks 

-Normal: and Active 
No:hnal and Aet,i-ve­
Normal and ~cti ve 
Normal.and Active 

Norm,~k_.9:n_c;l Active 
. Nornfal ;.and Active 
NOj-liiaT:.1ria" A~t:ive .. 
Nornral anc:l -Ac-t tve ___ ' 
Normal and Active 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal anq Active 
Normal a~d Active 

Normal and Active 
Normal and Active 
Normal and Active 
Terminated Weight 

',J 
l,.) 



Ear Marks Date Weight Gain 

1-Left 1970 
2-Right March grams 

11 58 
12 
13 63 
14 

16 
17 74 
18 
19 

20 82 
21 

23 
24 97 
25 
26 
27 111 
28 

30 
31 115 

TABLE 5 (Continued) - Animal No. 8 

Food Left 
Food Given Over Food Eaten 

grams grams grams 

15 7.5 7.5 
15 9.5 5.5 
15 9.3 5.7 
30 18.6 11.4 

15 10.7 4.3 
15 8.4 6.6 
15 9.1 5.9 
15 8.1 6.9 

15 6.8 8.2 
30 l3. 2 16.8 

15 7.2 7.8 
15 5.9 9.1 
15 4.0 11. 0 
15 5.3 9.7 
15 4.5 10. 5 
30 23.1 6.9 

15 7.2 7.8 
15 4.3 10.7 

Remarks 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Slight rough fur 

Seems better fur 
today 

Improved 

Fur looks normal 

-.J 
~ 



Ear Marks ._Date. ___Reight Gain 

1-Left ··1970 
2-Right - April grams 

1 
2 
3 122 
4 

6 
7 132 
8 
9 

10 136-
11. 

13 
14 144 
15 
16 
17 154 
18 
20 
21 165 
22 
23 173 

TABLE 5 (Continued) - Animal No. 8 

Food Left 
Food Given Over Food Eaten 

grams grams grams 

15 7.2 7.8 
15 3.1 1L9 

_ 15 8.5 6.5 
30 12.8 17.2 

15 2.9 12.1 
18 10.0 8.0 
18 7.8 10.2 
18 5.2 12.8 
18 8.4 9.6 
36_ 16.7 19.3 

113 8.8 9.2 
21 9.9 11.1 
21 9.2 11.8 
21 12.8 8.2 
21 10.7 10.3 
42 18 .9 23.1 
21 8.9 - 12.1 
21 11.8 9.2 
21 4.1 16.9 

Remarks 

Norm.al and Active 
Normal and Active 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal ahd Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Terminated Weight 

--~~.' .. 

...... 
l..rl 



11 

·····<; }! 
:14.•;.··· 

is 
15' 

·.···. ·· .. ···15. 
'· ·30· 

15 
ts 

. 15 
15 

·. 1:: : 
·18 

., 18 

.. ti 
?-:'.~,:· .. 
L'.5:: 
'6 ~·o: 

···F'.J 
'\J(; 
·tf • 

·-.t' . 

. )'2;.;.7: 
'. ''3.8; 

No •. ,:9·· 

9.1. · . 
.9.f 
8.1 

'.1~·-~ 

.··.·:-~:;~·::; 
·to'.3:··· 

'· .. ~it·l 
'. -:24 .. 0: ,· 

_ .. 13.T ... -
.. ··.:-·<1L7 .•..•. · 

··-. /14;7· . 
'14.7. 
. 16.6 

28.3 
··: . ... :_. 

i5.3 
14.2 

.. Norma.I· 

•Normal ,and· A~tii,e 
NJ~~'al .~rt~f.':Ac't iv~ 
Normal. and. Act:ive, 

Norrrial and Active 
Normal artd Active.· 
Normal andActive 
Normal and Activ~ 
Normal a~d Adtive · · 
J:formal a~d Acti;e · 

:tilormal and•Act{ye 
lformal and Active 

: ·-... i 
.O'\: 



Ear Marks 

2-Right 
2-Left · 

Date 

1970 
April 

1 
2 
3 
4 

6 

· Weight Gain 

grams 

187 

7 202 
8 
9 

10 213 
11 

13 
. 14 · 226 
. 15 

16 
17 234 
18 

20 
21 250 
22 
23 260 

TABLE 5 (Continued) .. Animal No. 9 

Food Given 

grams 

18 
18 
21 
42 

21 
21. 
21 
21 
24 
48 

24 
27 
27 
27 
27 
54 

·27 
27 
27 

Food Left 
Over 

grams 

.0.9 
LO 
1.7 

· ·. 7 .o 
\' 

5.6 
T.5-
.3.4 
3.2 .. 
5~7 

23 .5 

4. 0 · 
. 8. 7 
14.7 
11.0 
12.7 
28.2 

9.3 
12.4 
10.2 

Food Eaten 

grams 

17 .1 
17. 0 
19.3 
35.0 

15 .4. 
17.5 
17.6 
17.8 
18.3 

·. 24.5 

.20.0 
18.3 
12.3 
16 .-0 
14.3 

. 25.8 

17.7 
14.6 
16.8 

Remarks 

Normal andActive 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal and Active 

· Normal and Active 
Normal and Active 
Normal and Active 

· Dump food jar 

Terminated Weight 

-,....: 
'-I 



.23 
24 
25 

· 26 
27 
28 

30 
31 

Gain 

grams 

56 

· 124 

141 

TABLE 5 (Continued) ~ AnimaLNo. 11 

Food Given 

grams 

15 
15 
15 
30 

15 
15 
15 
15 
15 
30 

15 
15 
15 
15 
15. 
30 

15 
15 

Food Left 
Over 

~rams 

.. 7 .1 
8.0 
8.9 

16.4 

8.1 
.7~.l 
,6>9 
7.0 

.·· 2,9··· 
·s .9 

3:o 
5.4 
LS 

· 3 .. 3 
4.3 

·. 4.2 

'3,.8 
2.6 

Food Eaten 

grams 

7.9 
7.0 
6.1 

13 •. o 

· 6. 9 
7.9 
8; l 
8.0 

1.2 .1 
2Ll 

12.0 
9.6 

13,5 
1L7 
10.7 
25.8 

11.2 
12.4 

Normal 

Mucus in the right eyei 

Right eye better 

Eye OK 

Normal and Active 
Normal and. Active 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

. . 
Normal and Active 

Normal and Active 
Normal and Active 

'1 
00 



-~rks-

l;.;;R:J.ght 
RedT·aU 

-.-.. ~-
: -~;i:,~r;:.··;::·:rl9'.g,j.~~ t_ 'Ga in· 

.-;.·_.,, 

>f970····· 
-·: Ap~±L 

·-1 . 
2 
3· . 

4. 

;. c;~-ij 
,1'· 
a-· 
'9 

_LO 
11 

::1; 
'.14 
:·1:·5···. 

' ·,16'. ' 

. 1T' 
')8. 

;gfam~,:. 

--·'-::{63: 

1~5: 

,174 

li6' 

181' 

198 .. 

TABLEi5_ \~~otit;.inµed) -., Ani~a.-1 

... ._ 

· .Feed GiyE:!1:{ 

gt.ams 

.J5 
18 
18 

·:18 
i8 
.36'.,· 

.: ·· .. · _: 

------·.1e 
:21 ·.· 2i'' 
21--· 
21 

: 42 

-21·:. 
21 
21 

Foed• Le f.t · · __ -._. Feoi~E~'t~ri 

grams 

1.-2 -
·_·t.i. 

:~i} 
·/1~2 
:,6:6 . 
6~8 ... 
,{;.:2 

·-.-._:9.9 
11.,:~8 

8.1 
_. -7. 7 
···-·12.2 
:_ 10~9 ., 
' 9 .(:}" 
17: 1 

9;4-
_._ 8_.2 
·,4~1 

,gr~ms 

'13 .8 
·13.·9• 
i2~1. . 
26;.6 -

-J~,-~--­
, _1L4 

11~2, 
·s.10~ ~:; 

,_8. L 
24~2 · 

-.... 9.;j 

f3'.;~---··­
. __ 8.8 · -

:10.1 
:12~-o 

·. 24.J) 

11.6 
12.8 
1_3.9•' 

--. Nq,rmat _ and 
}fermal and 
Nermal 

·. i~!ldi°"~pus r11lht 
-- _. Termin:ated 



·Ear Marks 

1-Left 
Green Head 

t>ate 

1970 
March 

11. 

12 
13 
14 

16 
17 

18 
19 
2-0 
21 

Weight Gain 

grams 

56 

6.6 

80 

84 

95 

102 

U4 

Food Given 

15 
15 
15 
30 

15 
15 

15 
15 
15 
30 

15 
15 
15 
15 
15 
30 

15 
15 

- Animal No. 12. 

Qyer . Food· Eaten 

7.1 
7 .. 6 
8.1 

15.0 

8.4 6.6 
9 •. 4 5.6 

9.3 . 5.7 
8.4 . 6.6 

. 6. 8 .8.2 
14.5 15.5 

9.0 6.0 
8.3 6~7 
7.7 7.3 
8.2 6.8 
.5.3 9.7 
12.9 17.l 

Normal and Active 

Normal fur 

Normal 
Normal 
Normal 
Normal 
Normal· 
Normal 

Normal 

00 
0 



Ear Marks Date Weig!}t Gain 

1-Left 1970 
Gre€n Head April grams 

1 
2 
3 118 
4 

6 
7 116 
8 123 
9 

10 123 
11 122 

13 
14 127 
15 
16 
17 l38 
18 

20 
21 146 
22 
23 150 

TABLE 5 (Continued) - Animal No. 12 

Food Left 
Food GLven Over Food Eaten 

grams grams grams 
15 6.5 8.5 
15 6.1 8.9 
15 4.7 10.3 
30 17.8 12.2 

15 6.4 8.6 
18 6.0 12.0 
18 7.0 11.0 
18 8.9 9.1 
18 13 .4 4.6 
36 12.2 23.8 

18 10.8 7.2 
21 9.0 12.0 
21 10.9 10.1 
21 9.5 11.5 
21 9.0 12.0 
42 17.2 24.8 

--

21 6.6 14.4 
21 1 .3 8.7 
21 '1 13. 9 

Remarks 

Weight-loss 
Weight gain 
Dump food Jar, OK 

Normal 

Normal 
Normal 
Normal 
Normal 
Normal 

Normal 
Normal 
Normal 
Terminated Weight 

00 
I-' 



Ear Marks· Date 

1970 
Green Tail March 

11 
12 
13 
14 

16 
17 
18 
19 
20. 
21 

23 
24 
25 
26 
27 
28 

30 
31 

TABLE6; 

SIX WEEKS RECORD OF FEEDING THE.EXPERIMENTAL DIET II 
(Animal No. 13) 

Food Left 
Weight· Gain . Food Given Over Food Eaten 

grams grams grams grams 

56 15 9 .. 4 5.6 
15 ···s.9 9.1 

63 15 9~·5 5.5 
30 18.2 11.8 · 

15 9.9 :s .1 
74 15 8.9 6.1 

15 8.3 6.7 
15 .7.1 7.9 

79 15 8. 4 · 6.6 
30 19~5 10.5 

15 9.0 ·. 6. 0 
83 15 · · 10.1 4.9 

15 10.4 4.6 
. 15 T.O · 8.0 

83 15. 8"'7 6.3 
30 15.0 15.0 

15 6>1 8.9 
.95. 15 9.1 5.9 

Remarks 

Normal and Active. 
Normal.and Active 
Normal and Ac.tive 
.Normal and. 

Normal ap.d 
Normal and 
Normal and Active 
Normal and .Active 
Normal .and Active 
Normal and Active 

Normal and Active 
N"brrital and Active 
Normal and. Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal and Active 

00 
l'v 



..... :,:· •') ·, .. ·. 

EarMarks 

·if~i..eft 
·Green Tail 

··• Date· .. 

i970 .····•·· Aprils; •. 

I 
2 
3. 
4 

6. 

Weight Gain · 

grams. 

99 

1. ··. ·n6•·· 
.. 8 

:<. ··9; 
· .. ·.• .. f(f :121. 

··11 .. ·· 

13 
. 14 128 

15 
16 

17 .139 
·.rs 

152. 

;166. • 

TABLE 6. (Coria.ri{i~(l) ·- Animal No. 13 
• • . . ~.· : . . ! 

. Food GivJ~· . ~ Fd~!~;eft 
>grams 

15 
15· .... 
15. 
30 

'15 
18 
l8 

.18. 
18•.· 
36 

18 
•.. 18 
18 
n 
21· 

. 4z-·· 
' .. ' 

2~ 
21 
21 

:.s.i 
. ..•.. lLO 
·5.0. 

·•11.s 

. L2 
.tfJ;9. 
\ 4.5 
. 7. l ·. 

··<.::~>·· 
·. i2-. i 

8.0. 
7 •. 2· 
4.6 

·· .. 9.T 
16~7 

·14.4 · 
. 1;,.7 

.8. T. 

· Foocl Eaten , R~~rk.{: 

. g:ta~s".· 

9.9 , 
7 .0 . 

10.-0 
18.5\ 

13.a.·· 

.. • .. 7.1 
•. 11:s· 
. ;1<>. 9 . 

9 .• 2. 
27 .l·. 

... 5/3. 
. 10.·0 

.. 10;8. 

16 .. 4 
11 ~·3 
25.3 

.. ·. 6.6· .· 
15.3 

' . . . . 

12 ~,3 

:. . . . ~ . ·.· , 

:·: .. : _:.' 

Normal and Act:ivg 
Nonna! andActive 

• ... Normal 
'Norm~l · 

·. ,No~al. 

~o:OUal 
, .N cir.ma 1 
-.-Normal 

. . . :J:'l'o:t:rnal .. 
Normal 

· .. Nonnal 
Normal 
Normal 
Nonnal. 
Normal 

· Normal 

Dump:.~he food· Jar 

·· Terin:i.µate<i Weigh{· 

< 



Ear Marks Date Weight Gain 

11 
12 
13 
14 

16 
17 
18 
.19 
20•· 
21 

23 
24. 

.25 
26-
27 · 
28 

30 
31 

grams· 

· 60 

70 

97 

118 

128 

143 

TABLE 6 (Continued) - Animal No .. 14 ·· · 

Food Given 

grams 

15 
15 
15 
30 

15 
15 
15 
15 
15 
30 

15 
15 
15 
15 
15. 
30 

15 
15 

FbOd.Left 
Over 

grams 

7.9 
7.5 
6.8 
1.,5 

.5.9 
. 5.5·· 

6.3 
5 .. 8 

. ·\5;3 
7.1 

3.2 
3:9. 
2 .• 9 

.2.2 
3;2 

··l.4 

Food Eaten 

grams 

7.1 
7;5 
8.2 

18.5 

9.1 
9.5 
8.7 
9.2 
9.7 

22.9 

11.8 
. 11.1 
12.1 
12. 8 · 
1L8 
28.6 

13.3 
13.8 

Remarks 

Normal 
Normal and Active 

· .. Normal .and Active 
Normal and Active 

Normal and Active. 
Normal and Active 
Normal and.Active 
Normal and Active 
Normal .and.Active 
Normal and Active 

Normal and .Active 
• Normal .and .Active 
Normal and Activ:e 
Normal and Active 
,Normal .and Active. 
Normal and Active 

Normal and Active 
Normal and Active 

00 
~ 



Ear Marks 

2-Right 
Red Head 

Date Weight Gain 

1970 · grams 
April 

1 
2 
3 150 
4 

6 
7 165 
8 
9 

10 176 
11 

13 
14 192 
15 
16 
17 .· 198 
18 

20 
. 21 202 

22 . 

23 205 

TABLE 6 (Continued) - Animal No. 14) 

Food Left 
Food Given Over Food Eaten 

grams . grams grams 

15 2.2 12.8 
15 1.5 13.5 
15 o_ 7 14.3 
30 3.0 27•.-o 

15 1. 9 13 .1 
18 1. 7 16.3 
18 . 3.0 15~0 
18 4.6 13;4 
18 4.0 14~0. 
36 11.4 24.6 

18 4.9 ·. 13.1 
18 6.4 11.6 
18 L9 16 .1 
21 6.6 14.4 
21 4.6 16.4 
42 16.5 25.5 

21 3.9 17.1 
21 9.1 11. 9 
21 5.4 15.6 

Remarks 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

·Normal 
Normal 
Normal 
Normal 
Normal 
Normal. 

Normal 
Normal· 
Normal· 
Normal 
Normal 
Normal 

Normal 
Normal 

.· Normal 
· Terminated Weight 

co 
V1 



TABLE 6 (Continued) 

Ear Marks Date · Weight Gain Food Given 

2-Left 1970 grams grams 
Green Head March 

11 58 15 
12 15 
13 64 15 
14 30 

16 15 
17 78 15 
18 15 
19 15 
20 92 15 
21 30 

23 15 
24 103 15 
25 15 
26 15 
27 110 15 
28 30 

30 15 
31 118 15 

- Animal No. 

Food Left 
Over 

grams 

8.1 
9.3 
6.9 

18. 2 

7.5 
8.9 
6.6 
6.1 
3.8 

12.7 

6.3 
7. I 
6.3 
5.1 
4.3 

10. 7 

5.5 
6.2 

15 

Food Eaten 

grams 

6.9 
5.7 
8.1 

11.8 

7.5 
6.1 
8.5 
8.9 

11. 2 
17.3 

8.7 
7.9 
8.7 
9.9 

10.7 
. 19.3 

9.5 
8.8 

Remarks 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal·and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 
Normal and Active 

Normal and Active 
Normal and Active 

co 

"' 



TABLE 6 (Continued) - Animal No. 

Food Left 
Ear ~arks ~~Date ·Weight Gain Food Given Over 

2-Left 1970 grams grams grams 
Green Head April 

1 15 6.8 
2 15 4.4 
3 123 15 5.7 
4 30 9.5 

6 15 4.7 
7 132 18 8.3 
8 18 9.2 
9 18 8.4 

10 133 18 8.4 
11 36 17.0 

13 18 9.2 
14 142 18 6.5 
15 18 6.1 
16 21 10.7 ..,,. 

17 150 21 11. 2 
18 42 19.4 

20 21 7.7 
21 163 21 7.7 
22 21 9.0 
23 170 

15 

Food Eaten 

grams 

8.2 
10.6 

9.3 
20.5 

10.3 
9.7 
8.8 
9~6 
9.6 

19.0 

8.8 
11. 5 
11. 9 
10.3 

9~8 
22.6 

13.3 
13.3 
12.0 

... .. ,., . ., ~ - " 

" ~ 'f ~ U " • .._ W V - 0 

Remarks 

Normal and Active 
Normal and Active 
Normal 
Normal 

Normal 
Normal 
Normal 
Normal 
Little Gain, OK 
Normal 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 
Normal 
Normal 
Terminated Weight 

co 
--.J 



.... ·.:' :··. ·' . 

. T~LE ·-~ '{contiqµep) •-.. Animal No;_ 16 . 

Eat :M~tk2 • ; , • Date · ~ Weight· Gai~ 
-._ :,:\-

.. · ... _· . :."·· . .. -, 
·. -f~Le.f t . 

·,· :.,.;;~J::tt':f ' 
,·,, 1970' 

~arcf 

11 
lZ .· 
13 
~l+ 

16 
17 
18 
19 -
-20 .. -. 

-···•21·-
·< :23 

,< 24 
25 .. -. 
,26 · 
27' 

'28. 

jo'. . 
31.· 

grams 

58 

68 

.TB .. 

····-·.s3 .· 

·. ·93 \ 

•·. 104 ,,,, 

· rt2 .. ·:_-.· 

' - ' 

· F.o~ ::iiiven 

grains 

15 
,' 15. 
·.15 
'3Q 

15 
·15 
15 

>J;,: 
30 

rs··. 
·15 . 

15 
15 

· .. 15 · 
.30 

·,· 

. {si··· 
15 

·;":,: 

Fo~:~;ei:t:'_·_.- "i,£}_oo~Ea-ten--:- -)~~3:k;,s,,,-::, 

.:· grams 

··_ 6 .7 
9~7 

•g.s 
··_14.:7. 

-7:~9 ··-··· '.· 8<4. <·' 
1~1 :' 
6-~2.·.· 

.·:9.i•:' 
'·15.8 

lL6:.• 
· 6. 5 
f.3···· 

:· :f.4 
6::6. 

1~ •. 2-

!Lo '· 
'·9.) 

-•. grain~ 

8.3 
5.3 

.. 5.2 
15~3·· 

. .. - {i7 .1 . 

· 6.6 · 
7.9 
'$~8. 

·,'•, , 5;3 
.. 14.2 

,', 6.4 
·, )8.5 

7.7 
11.6 
. 8.4 
1.3.8 ' 

·12.0 
5.} 

Nor~l at1~ Active 
No:rtii.aL aria Active 
N<;i;maiand Active 
Nor.1!1.a.t.iuw .A~tiv,e - . ·-::--_,,: ··.; ··-~--- .. " 

Normal arid Active . 
Normal and Active 

.Normal and.Active 
Normal .and. Active 
Norinal and Act:ive 
Normal arid Active 

. Normal and Active 
·· Norma 1 . and Active 
:Normal and Active 
,Normal arid- Active 

, Normal and Active 
Normal and Active 

Normal.and. Active 
Normal and Active 

' 00 
00 



. TABLE 6 (GontiI1ued) · - Animal No. 16 

Food ·Left 
.Ear Marks Date · Weight Gain ·.Foe>_Q_Giyen ·Over Food Eaten · ~emarks 

1-Left 1970 grams grams grams grams 
1-,Right: April 
Red Head 

1· 15 3.7 11.3 and Active 
2 15 6.8 8.2 NormaT and Active 
3 · 113 15 3.2 11 .. 8 Normal and Active 
4 30 13.1 16.9 Normal and Active 

6 15 L. l 13 0 9 Normal and Active 
7 124 18 5.3 12.7 Normal and Active 

: 

8 ·· rn 6.7 11.3 Normal and Active 
9 18 6.2 11.8 Normal and Active 

10 131 ··18 2.8 15.2 Normal and Active 
11 36 11.8 24; 2.. Normal and Active 

13 18 5.9 12.1 Normal and Active 
14 148 18 · 4.2 13.8 Normal and Active 
15 18 6.9 11.1 Normal and Active 
16 21 .9.8 11.2 Normal and Active 
17 154 21 7.2 13.8 Normal and·Active 
18 42 14.5• 27.5 Normal and Active 

20 21. 8.4 12.6 No't"mal and Active 
21 166 · 21 6.7 14.3 Normal and Active 
22 21 10.2 10.8 Normal and Active 
23 173 Terminated Weight 



Ear Marks Date Weig_ht Gain 

Green Head 1970 grams 
March 

11 59 
12 
13 69 
14 

16 
17 84 
18 
19 
20 94 
21 

23 
24 110 
25 
26 
27 120 
28 

30 
31 133 

TABLE 6 (Continued) - Animal No. 

Food Left 
Food Given Over 

grams grams 

15 8.1 
15 6.2 
15 7.8 
30 12.3 

15 7.0 
15 9.9 
15 4.1 
15 4.7 
15 4.9 
30 9.3 

15 4.4 
15 2.4 
15 2.9 
15 5.5 
15 3.6 
30 2.7 

15 2.8 
15 4.9 

17 

Food Eaten 

grams 

6.9 
8.8 
7.2 

17.7 

8.0 
5.1 

10.9 
10.3 
10.1 
20.7 

10.6 
12.6 
12.1 
9.5 

11.4 
27.3 

12.2 
10.1 

Remarks 

Normal 
Normal 
Normal 
Normal 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Normal 
Normal 

\C 
0 



1 
2 
3 
4 

6 

11 

20 
21 
22 
23 

TABLE 6 (Continued) .,. Animal No. 17 

Weight Ga in · 

grams. 

144 

163 

167 

172 

·.186 .. 

209 

217 

Food Given 

grams 

15 
15 
15 
36 

18 . 
18 
18 
18 
21 
36 

21 
18 
18 
21 
21 
42 

21 
21 
21 

Foo.d Left 
Over 

grams 

.5 
2:0 

.2 
8;8 

5.4 
. 6.8 

2.2 
12.1 
6.9 

28.6 

.1.8 
i1. 7 

13 
5.2 
3.4 

16.2 

2.1 
6.3 
3.0 

grams 

14.5 
13.0. 
14.8 
27.2 

... 12.6 
1L2 
15.8 
5.9. 

14.1 
7.4 

19.2 
6.3 

16.3 
15.8 
17.6 
25.8 

18.9 
·· 14.7 

18.0 

Normal 
Normal 
Normal 

,Normal 

Normal 
Normal 
Normal 
])ump Food Jar 
Normal 
Dump.Again 

Normal 
Dutnp Food 
Normal 
Normal 
.Normal 
Normal 

Terminated Weight 

\.0 
I-' 



TABLE 6 (Continued) - Animal No. 18 

Food Left 
Ear Marl<s ___ _pate Weight Gain Food Given Over Food Eaten Remarks 

•Red<Head ·1970 · grams grams grams grams 
March 

11 56 J.5 9.3 5.7 Normal and Active 
12 15 9.6 5.4 Normal and Active 
13 63 15 9.0 6.0 Normal and Active 
14 30 15.0 15.0 · Normal and Active 

16 15 8.8 6;2 .. Normal and Active 
17 76.· 15 8.4 6.6 Normal and Active 
18 15 8.7 6~3. Normal and Active 
1.9 · 15. 6.7 8 .. 3 Normal·artd Active 
20 84 15 .5. 7 9.3 Normal and Active 
21 30 12.3 17.7 · Normal. and Active 

23 15 6.1 8 .. 9 Normal and Active 
24··· 105 · 15 3.1 · 11.9 Normal and Active 
25 15 4.9 10.1 Normal and Active 
26 15 1. 9 13.1 Normal and.Active 
27 .. 120 15 2.4 12.6 Normal and.Active< 
28 30 ·7.8. 22. 2 Normal and Active 

30 15 1.3 13.7 Normal and Active 
31 136 15 2.4 12.6 Normal and 



TABLE 6 (Continued) - Animal No. 18 

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

Red Head 1970 grams grams grams grams 
.April 

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 30 3.7 26.3 Normal and Active 

6 15 L7 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 

\0 
w 
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