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TIi€~dl61e le'guminous seeds are 'jrOpor­

tlll":sotiti!es-df prciteins, In: the dlcitaHesof 
m 'Qns'til'''jleople'in Asian, Atrican and 
9 H'IArllerieait Co)l'r\lries.h 2 Legum~~ 
have	 assumed great' importance as a: Sup­
~Ji.QkM~lil.q!p,,(ogd. iJ;< ..~ of" thl;, 
aCQl~~r~@gi j1'!,t~ IlfodUC\ipn 9f.lIIlimal 
1l~9tel' a,nd the wideprevalence ofprotein
diil'fq# .Mon ',In''~'!Ic countries mendonelj, 
l\1)~. 't ',J>UOIi'g. t~e~nt' yeat~ i,nvestiga'

' \:lave beencarned but by' several 
Ii '" ~ 'of"i¥otkers,op the util{slitiPn.. or 
I.~.: ea, 4Pc;t oi1s~el! ffil:lllsJn the 'pr~e.n. 
tlOD' alr1t ~t!"iel\(of ~totelO t'IIalnull'itlon 
i~"~bll4ren.t" , The' problem! involved i~ 
hel ,~qituctloband use of legumes as a 

s " ~;, qf.l'r9t~i,! In hU'11an diet.s were 
.d ' m a' Ja,lOt'conference of PAO 
A held in f958.7 A brief account I	~~"b1e-irlfdtmatlon on thc.lMritive 

vl!lue pf the Pfotein~ of leguminous seeds 
it~l~en,ih.tfils review, ., , '" , 

;1':! i 1 :'; ,2:. '~J;1' . 

The common leguminous seeds consum­

'. 

10.	 Supplementary value of legume ~ PCi)'
teins to cereal proteins ",', 

II: Processed protein foods based' Oil 
legumes 'o, 

12. Use of processed legumes and protein 
,., foods containing legumes m llIe 

treatment of protein malnutritloll 
in children '....,. ' 

13. Supplementary	 valUe of processed 
legumes and protein foods contain­
ing I¢gumes to cereal diets: " 
13.le"llxperIments with animals 
13.2 Experiments with preschool 

"children 
14" Conclusion ' .._.~ ",',,., 

", , 
., .Jt!(l 

,,'
ed in-differem parts of the world may be 
broadly grouped under three heads: 
(I) 'grams (iI) peas and (iii) be'ans.· The 
term pulse-is commonly usedin 1nd.ia for 
edibIe.legumes.8 Data-regarding thepro­
dactien 'of" IegulINlS (!lxclumng sbyabean 
and peanut) are givell"in Table 1. It is 
evident that India is the largest producer 
of Iegtjp1eJ in.the./Ii'OtW, the aYeraJl~ .pro­
duc!lanper head' QC)Jlll ,'aboul,6l.i/day 
pro~jdilJg."bqpllt to ISg of pril,teln. 

, . ,3., COIISumption 
Data regarding the' consumption' of 

legumes a\l'reVealel!"'by di,etsurVllyS are
8iven' in 'Table iIl:"It is evideet that,the 
Quantity of legumes consumed' varies 
widely frome'OUntryfo'counlTy.· '. ' 
4.' ~etb~ '1f' prel'at"ti~n foi~~umpti."
 
, Legumes, are prepared ~ consumption
 

in several ways such as whole ~e&UJlles.
 
dehusked dhal and legume flour. ,A large
 
number of reclpesfbr tbepteparation of
 
legumes i for consumption either by them­

seWell ormixed with .eereal or rorM flours
 
is available in different countries. The
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'09=,.
Coanlty ue I

'3"".~ --i",O~Ei 
"~'';:: .. 

Araootin.. ' 'JI 82:1;1[ 1.9·~· 

Australia " , 14 4.7 
Austria ,'. " 5 1.4J 

'311' ," 5.2 ' llel8ium-Luxemburll 
Canada 66 6.0 
C'eY1OD ' ,4 ' H.I 
Denmaik 36·{1l,.11.2"1.' 

Elll:pt 3,~ 24.7 
, J~ .,J 4.6Fmland 

Germany Federal Reppblic 
~'. ·'I"t ·"Jr .,:,:~, 
HpndlllU 401 ", 30.2 
India lo,~H, ,60.8 
Ireland ';}. 27 
Israel ,,' " 1.61 8:8 
Italy' 8'0' s , 16.2 
Netherlands , 105 7.7 
NewZealand 
Norway "~I, E" 
Pakistan 900 205 
Phillipines 40 5.3 
PortusaJ 55 17.3 
Switzerland 5.8 
Sweden 38 . 4.1
Thn~ ~2 , 26.3' 
Uoio!>of SQatlt Mrica·' .,,' '58, , 5.3 ' 
United Kingdem ' 9'fia 11.0 ,
United Stales of Ameiica l14 I~:g,,,UruS1laY ' ' 3.7, 

diffe~eBt method's ofc(J()kh\g'leallmeillll# 
be grouped as foIIoWS. 7..." • ' .. ' 

Whole legumu: (i) Soa"ibll and cooking 
in excess of water and.rejecting the water. 

(ii) toa!lting and . ".' , i 
(iii) cooking ll-fter gelrqin~\io~.!, " 
Dtihuslce4 split legume.c (I) soak illS and 

cooking ill waler and " ,'. 
(ii) cooking In water toa .mash ,'",'­
,Legu."!e, J!pw: Th,e Ip8ume flq!llSllre 

usUally mIxed 'with ceteaf and full\!i flouts 
and made into llDleavelllld bread; palJGllkes 
or puddin~.' . 

'·1 .' '. \ 

, ,S... AmiIIO acilitompollitiOll 
:The essential amino acid ,composition' 

of a Dumber of legumi DOUS seeds has been 
o! I Or! :,.;. >... 

Table1. Estimated ptDtlucllon and Q'IQiIabilily /01 Table II. Consumption 0/PUW& ill 'I"';"'" 
human consumption 0/ ugumu· coon/,i/?3 as ascertainedby diet ,..",.y.r+ 

.;j! I H; I'j , = ' 
, , ·U."/ Country , 

~~ \\,. 

g!m'" 
" 

305 The nlltrill.,. '1QIlle O/Ihe proteins o/legllmi""us .... 'r, ,f 

;~ . ;1 

'Rilmarb 

."14Phillipines

Rural W~ika:.··. ' 
uiban worbn" 
Poor Laden", 
·Otlier'.a........ !i-

Poor mdiooo. 
Other incl_ 
'::': 

,i, 
",' _ I,; 

WesternJava 
Mexico 
Venc:zuola 
VoiletUebt' , 
Guatemala 

.r-, .i 
Guatemala 

, ' 
fdsoU,nd " . 
Countries (13)
South of Sahara 

India 'It 
New Guinea 
New Guinea 
Japan 

. -I, 'I :J' 
Haiti' 

u~ 

6 
42 
80, 
89 
44 

r. 51' 
51 
5a, 

13~140 

,30 
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oooked lOy~ b",.. pl'>C!moted'Bdod growth,: 
Melnick et al." reported that the methto" 
DiDO,in~ SOya bean' was libem'M' more 
~" by JM' proeobtic enzyares of, lift; 
lutestl'ni!a thuLthe ot_jl58e11tial amino 
lIllid8.. 'fbi. concept. wes strengthened
b" itlie discovery.l""~· purification !"-U. and 
cbaracterislItiop "'-Il; of a heat Iabrle peo-: 
tlllo iD:llOYA bello whiahlinhibited the .prO" 
tIlO\yticactiYJitYIIX,1rypsio•. ACtive 'anti'; 
ICY"';C' foaotionsifrom unheated soya-beao 
hatye~D shOWn to retard the '«t'owm 'of 
ratl;li-lIO -rniee ., aed chicks.'o... 'Becaust 
lhe protein efficiency of partially heated 
soya b"c;an JIour~ ,i1l,CJ;4;il8ed.in proportion 
to th,e destruction of (he tryps,in inhilliWr, 
Wellilalland Hauge'S cOl)l:l\Ided that th~ 
frni~in'iinhibi\brwas the ll\ajQt,'ca,lse. of 
tbe'~O'r !!ti,l,i,satio!!.ot the pro,~~in in raw 
S(lYa . bean, . T~psm counteracted : the 
grQwlh depression observed wlrh cllicks'''S6 
andJ' ralss7 'reeeivinl!. d(ets. containing 
rawsoyll·bean.· .. ..". .:... 
'~Ther~ appeared 'ttl be IitfJ,e ~?ubt. thet~· 
fort'" th~t Ihe poor growt1j,p,omoting­
q'OllHty 'ofrliW soj4bean coul\i b/;, aUr!; 
buted to a large e.xtentt~ a trY~l11.lnl1.llbl­
lor.. Although' .Melniel·s· liypot'hesls," 
~brred to earlier,: wou1d'~ppe:ar ttl eXp'Il!-ill . 
tlit' 1I)0de of aC.tlOll of 11 trYPSIn .1l1hlbi~O~t· 
other 'obsefVlltlons tlo not support .-b.ls 
theory. In vitro studies have shown 'that 
tbei'~iII'ILItlibim£ does·tl04'~pecffical~ 
retard the e~tie"'lea_of-metbioniDe, 
but ,!Ieoms toaffJlct all the amino aoidll<co 
tilt. _: OI'leDt,"-" . Actlve antitryptw 
pr~P¥ations have been sbOWD -to. retard 
tbe'llfl>wth of rllU" anllmic.e"even when, 
alldef. to diets containing- i predillestlld> 
Pfmetn wben intJl!tinalllrotealysill would 
nq~PIaY a pal'! with res~t to Cbe availa­
hili\y,Qf' ~he.- _ntia! amino acids. ..~ . 

II ba~:~ DOlcd.1hat chickll.. ··UK1 
r~"" led r~ soya bean oil meal QevCr_ 
1l!lP mark:~ brpertroIiby,Qf tIlo panllJea&;.
COA\FlI.fY .tq,what had been, l!CoeralJ¥, WIS-' 
~the llm~t of tfy,paiD fountUn·lbc. 
in~JtiDes" of"rllt$;1''''~ ohioks'! fed 'taw 
soya be.a.,~ aet.uBlly greater thanbUlit. 
~~.injlnimals fed, lhe healed· so~ 
~t.\,erystlilliue Ptepara£ionlQ/ the tr,yp", 
sil!dpbillitorprQd.uced the slime'cffectll"lIlli. 
I'lIIIo:-WYII, bean ,oihmeal.47 ,It woulQ IIPpear;,' 
tblll1lforc, that· the growtb deplIllSloD', 

caused bl'tIw! trypllin lallibllot 'Its littlOt~ 
do·with QD Inhibition In''lnlClstina1IlrhtMly­
sill,;but 'lila)' 'be the mule 'ofan emibjenOulI 
loss of _otlllllUMi~ lIllids·(MhI.a' bjljllj~ 
active, palJCC'eM whiCh''18,.re!l/illR_ In' a' 
cOm~nsator.y..flishiooto tbee~ts or tI'le­
trypsin inhibitor. ,'Tbe loss!i>1'llIethlonine 
would be."pdrtiouillfly,acute ~in~Leoyal 
bean prooiil)l.3ci1d~.in Chis ~ 
acid. ,WhetheMbil~ationwinJ-YM1t. 
standi the, test· of ,fiJrtl'let''ex~rimentah' 
remains to'bc!8tCD.< -r-. ,·(n v .. ''.); (.j; . 

. TcypSIrLill!li.bitors have kill) Illien f6liCld 
io a larllO' lllII1Ib<S'Of- othepilClJl'l!«ltls. :wld' 
their presence provides the: Ml\8i '1iIIeI" 
explanaiion fot1h&ObIetYatiM.mat 'heat­
ing iner~.h6'iICWtrO lIIigestlblli~ of 
some IllIll12minoDS pl'01it:inii.~" la. 
observed that those legumes' whidr lIlld 
theibighellttllYP9in inbf.blIQr'aclll,llt9 • 
also those in ",hivbthe-Jodilles!ibility! .' 
lBeasaredin '\liVQl wi'th 'rllt~, .. 'WltSl m~J 
improved byeooklng. 'A diteet inhibitiO!l" 
o(,thd'grOWlb,ilfmlceJ\)y ptitiOOd ~.. 
tiQns'-of a:trypsm lilthibitocdrom"lilllfl' 
lleaDa was.monstraMi;by ·l'alllleNiI\IIf.*' 
but, SOhoaieSI ",tJ' were unable'to shOW' 
ally growth ,Inhibitiillrin rats by ,1m: iAib!ii' 
tor~urifiedoirool1be'tlouble Jberahl' 1l1W!llf: 
tbeesse of iioya·bean, itrls,no~erlaill.,,*· 
the'tty". inhibiliOr ellerts it~ deleoiMuIl" 
effect on' Stowth.by an Irlbibit10n or·iIIfcIo' 
tllllli proteolysisolince'X1<Ilise ellat." ,·ilMIlkt 
that fraatiOrls ofmlDa 'Wan'J'l:0lJIin ~0lI: 
wet'e"igb,inarItltrJlpticatetWllY.iillhibtMlfl 
the growtb!'oC rats ted lil'Qidi f hydrbI1!t<t ' 
caSein~-,' .ii·., .... , ..I' .- .... CJt '-:.: " ';: :I~" "~;. 

6:1 IUfIIlIWlulill(fI3ai1dgrol4ldlfttlllfJiPtlti.:· 
An eataminallion,of. tbe'data in' Ta'WO' IV; 
reveals no obvious relationship betwetn" 
the' b~nefi.I,eJrdcl ...hicb IRimI'lr«tuees 
on _. !ilBalDCSflanib'the .~~ lIt" 
ablCllcC or·atrypaii!:inhibilor.,w~' 
wblah .has allO been reaclted,by'Sotehlll'i. 
andLAekersnn'~'anti lalftll6Or" This 'CIi8Ol'8-o; 
pancyball'llerve,.l>to·/oaIl1allelltip onlhe 
~ble :.pre.mce ofptber'gl'O'Ntbc ifililbi'" 
tott'!"OJraWlqumn" ·..h:tnmi .deAioyIItJ 
br,btiB; INlJIIIIlI'owi:ft_t..~ \ieO&UIIt11. 
inthe:oldllll,litCrQtBr.e desdribiallJtbe£ib:ticf' 
eircllta, produoat1iD'"nimals ""t""in...'" 
tiolLtUl4OfDlI'Ieg\J1lIIS\ .' ilFlwslOsllol'ne and" 
McaQeL~1 ia 19U reiJitrtlld:d1at.mtsi ....aldn 
Dot grow if"he ~nrci of dielaryJl ~ein ' 



W!llllWrived from tbolcidney bean, (Pbw,,·
oiJu VUWiVis) and that pr.olon&'Cd inlllStion 
of,ra""beanll resulted ipdaath,~f. ralS. 
Si!UlO,!hal time, numerous Wo<;kers 01;5&-62 
bave ~POrle<;l'.lIimilar; observations on 
a'lIiIide vl!-rletY~<lf beanswbich arc botani­
cally cl&llllified. as . rphtnelllas vul,IITU.
In llddi.lioA to the, lattar.;, Jllffc:5"61 al80 
~und a high dearcc(j£ toxicil.Y:in ralll fed 
dic~,containinl ()plicho, lahillb. Coilavalin 
NUJ!ormi" and Pha,.o/Us "Iu_,. !ljnce 
this toxicity could not be ceunteracted 'by 
a ~in digelll. Jaffe'o' concluded, that,llhe 
tpxic.,llr~le invoIYe",hcu' was not a, 
tf)lplln llihalllor. ..','" . ~ .. ' 

The p_ce of lllbiitances io ,lugumes 
wbic:l) have the ablllt)' to 1l,g1l1tinate tbe 
red· -blood <:ells frotlJ yariol1s species of 
animals has 1001 been' reo:OInilled.6..... 
r~ hemalllutinins are. sometimes refCIt­
~ to as phytoagg!utinins or Ie;tios"'l and 
tilllir dilltri butioo amoog the leittmes is­
sbowu In Tab~<lV. ,AltitouBb &4OlIic 
r~tlp.. lIIay be produced-in animals by, 
tbe direct injeationof the JJUrifiedbemag., 
alutinin of the jack' hean<P". alid tho ac.ya I 
bea8,11"~.Liener"'" CIlllled atlentiDn to the' 
fllllt -.t the oral inlOstioD ,of the pnrified 
bel1Mll8lutinin .of the soya, bean would 
ialJOit tbe,arowth of rats, Tne helllll8" 
aJut.ininof Pha#olllS 'WIlgaris ,bas been­
reeontly< purifled""'6 and; ,.Jafti:" and 
HQillvar el at.'· hal/llshowD that' pu~ified 
Pl'llparatiOllS of; tbill hellllllilutinin can 
rQUUdly·inhlbit,thoarowth oftals. Jaffe" 
iii of tbe opinioa that Iho action of tho I 

hemagglutinin is to combino with the-cells 
linin. the intllStinal walland Ibpa·tO inter­
f~ wW1lhe inteSlinal absorption of rrutri­
enla. . 
,AUhi. point, it may be ,wdlto .point 

Ollt tilatlbe~ have been Beveral inlts.oces 
rq10lted in which milllifestatiens oflDxi~ 
city;.baYll becin observed in subjects .who 
ballO ealon insulficiently cookeci .scarlet 
rUIlD« bea.'.,· (PIllueolua" CfJCChNlIS or . 
nuUti/lw.u)odnadequatlybeatClC! kidney, 
tcanllour.80 '. CarllRight and·, Wintrobel¥,' 
diIrrilr~ syIlllPtOlln·.oc, D&USOB" 'vol1litinB' 
aPl1 diarrhoell in Japa.-' prisdnets:of' war 
wltQ"were lett raw-soya .Iiesn.! It would, 
appear, IoIkalto suspecHbe bema,ggluti­
Dinle. beillg responsible at leasl iD".part,. 
for the: 101lic lDaJIifestations observed In 

buman subjects ingesting. certain raw 
\ellUmes. ' -, ,", 
" 6.l OIMT toxicifactors : Otber, IMio 
fjlCtors present in lo.aumes ant 'llOitr~ 
factor,.2-" oyoogeRetic g1ucusides- and 
saponins,o"" In addition certaln classes 
of legumes contain specific toxic principl. 
e,a. the .toxic princiPles present. in, .the 
JOlliflleB of lalhynis family cause 1M 
disease lathyrism in human·boings.....,and 
odP1'Qtism in animals" end-the ~ic' prin. 
ciples ·Pl'ellODt in, .icin .f«Ja~ oauie c tbe 
disease 1(J~ism characterised by 'hemoly11c 
anemia in animals and human heinl'.l5,,!, 

7," ElitlIiDillielI' of'toxle facton ;.' 
'(he toxic factors present' in tegu~;ca~ 

beefiminated by heat processing 'Und~ 
controlled 'condltlons and byleacbinl0ut 
the toxic ildnciples by aoaking in cold ?fl 
war~ water and disca,rdi/lg the w~te~,)1h 

. Heat processing: The tOXIC pllnclPICll 
which are inactivated by controlled heat 
Processing are trypsin inhibitors,',' hOJDllg­
g1ut.lnlns lind growth i,nhjblt~rs" goitefR-' 
geDlcageiitS,06 sapoDlns,.' and Ihe tQ~ 
prioci'pl~s 'c;ausingfavism"~.;· . t, • ,~ 

Ul1cb",g In water; TIw toxic pslnclpl~ 
w.htcb en: Jeac~¢d.out' iq wate~ inclu., 
cyno.,enetlc, gll!~osldes." 'and toxic factors 
present in legllm~' of . l!tp ,1Ilthyr\14 
family·I'.'· '. '< " ' 
ll. . E1Iectof ....~ _lIMllllltrltlw : 

., . value Qf. legDIIe ~iIIs ", ... 
,Most of the anlinutril,l)nalor toxlil 

effects of legume. which have betiI dlll­
cribed canbe part>aily oT'wholly eliMIIlti" 
ted by the properapplicat«>n of' heat:.....· 
1'IUs-' effect is' manifested by a' geMbl 
enhancement of tho nutritive value of. t1Ie 
proteins of legumes (fable V). .It islllili 
relative case with which these tOXic ~IIlP(J· 
oents .can be romllved. in most cases, by 
appropriato I1lClthodii of cooking that It.Ii' 
no doubt contributed-Io the j)o!'Ularity '4tI; 
leglJt1l$ asntaple fdod in tho'ditt iit_') 
coantriell Motbodll'Of prepsrhlll hlllUdMis" 
for lunnan :<oobsllmptiOO'·haye; beenties- ' 
cribldlln dotail bY.seYallalJ wort!ees;,'"'l>,''' 
l'bo notritive' \laluC' of"'the'PToleltll itt 
sO'lorat, '10lgWM" have,bello, -oonIpalW' 
when fed. raw and a!\er.au:rocla'ringi(Thblll 
V).-Tboae ·found to improve 00 11elKl-' 
proeelllni inclUde the field bean\OO (DIlII-' 
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Table V. fJ!a:t Q/heal procu~i"l on 'he nu'riti~ value o/legu",e prot.i", OJ j,dged by powlII 0/rats: 

,i, il." e i
i '~i I:i 

ConditioDS oflleatSource of protein 
lrealmf?1 I	 ~8 ~!:81 P.B\l 

CI g .!3~ 

.~ ! ·i	 !', 
I •. ,( ~ A 0 

~"---_--,1 ,_--=~~2 , ~_=4 __ 5 " ' 6 

, ' .• .1 

ci z 
§ 
!
 
U 

~" 

, 7--­._-­
Black beau (PllfJsool•• VIlI,.,is) Raw 14.1 28 201 ,. " AuIoclive<! al 161b' ' 

pressure for 30 mts. HLS u, '12,5 
Auteclaved 16 Ifji..,..	 .';1 n'"	 pressure for 60 mts, ' 14.8'" .. 8.8
RawBlack ....m (P1IfJI..hu _'0)	 1 -" 12 21 6.7 .. AlIl(jc\a~ a. I~ 1Iis•	 

141 

pressure for 30 mll.	 7,0
Raw ...Blackeyed pea(l'1,na sinensis) 9.8 
Autocllived' at 15 lbs,'," ..	 ,.'" .. 

.. 
pressure for 30 mts, 1M 

Chickpea (ieihplel) (elcor arietilUlm) Raw 11.3 141 
Autoclavedat ~5 lbo. 

.. '" ~iJre for:)O mts.: 1],6 
(sample 2) Raw" 5,6 ],3 143 .. Autoclaved al15 lbs." press"!" for 15 mts.	 14.7 

Raw ' 10,0 tj3' 
Cookod for 2 houn ,''1).6 .\',':: (~ifP1Pie 2) j .: ! 'I	 \l;Iw" ' ..9.9 
Coolied for 2 haUl'" 10.0

Fidli'boan1&l~laIJI~b) Il... ' -1,8 Neiplive .ioo
 
Autoclave<! at I"!bs
 

.;;. . pressure/or 30 mtB. -1.4 Nesative' ,:. ,t
I 

GRell ara", (Samp~ I) (Pb4"!!11lM.r ,rMilatus)Raw ' ,	 $<a , ·141 : 
II J ",' Autocla.vod afts ·JPs· 

press"", for 30 ml.;, .." '.. (\;ample 2) Raw,' ". J:~, ,1.4 IllO"
 
AutocD~ al15 Ibs ,
 

" "
 fl::1llII for 15 mts,'	 9,9 1.1 : 
Hline beau (l'lcl4/aba)	 20 n.c U !,~S_. 

-It ..	 A'utoclave<! alUlh,< •	 

1>_for 3Dmil . ~;(~ .! (i " ... L , '! t4!7 
.~"'" , 12.' 36. 4.4 on 
, Autoda~~ 01 151b!\. . ;;;. .j ...... 

"pressure for 15 ,rotS . 1.7 ,~:' '" 
Raw'~ I . . ­ '. 5' '" , :,.. . 

" ~ .. Autoctaved al·151bs: 
",' ,p"""uro for 36-Jnt3' ' 

Kea'ari I\hai !tolhyna sotiVllS) Raw" ,,' , 
9.8

',21 2..0 J41;!:..	 Autoclave<! at l51bS, , 
pressure'tOr 30. rirts.· .. .J: 2.4 

j 

~ beu (PllfJseolus ""I,arls)	 RlIW " 56' ' 
AUloclaYed al'I5 lbo. ' ­- ,". ", pressurefor 4$ m$8..:., ,, : .. , 0,8 

Lelllil ~ple 1)'(Lens e",.leirta) Raw " ' '12;u 2.0 
, Aulilclave<! at 15lbo.' I. " 

" " pressute for 30 _. " 5.11 ,. (sample 2) i~W.·. '\:', " , '35<: 7.2 0.9, UlO) 
, lilt' Autocla:ve<! a. U Ibs. .. 0]; I .: i:.· 

" " PresSuteJOt 15 mts. 6.5 0.8 " 
UJrlI'beall (sample-I) (Plrtiseitlw IimIllli,YltllW ,,; 10 28 -2.7 169" . I 



\- "-'2 ' 3 4 5 6 

Lima bean (sample I) (PhQ3",ms luiJqlus) Autoclaved at 15 lbs. ..pressure for 30 mta. 6.2
 
Navy bean (Pha,eQluJ¥ullar~) Raw 56
 

Autoclaved at 15 lbs .
 
lJl8SSUle for 4j mts. 0.9
 

Pioto beair (Pluuetilus VuJlloris) 28 -4.5' " 169
 
.. .. 

~~;:;cJ,;v~ ~t15 lbs... 
.. 

pressure for 30 mts. 2.5
 
Pea (sample I) (Pisuni sallv,.,,) Raw 12 21 3,3
 

Autoclaved at 15 lbs.
 
pressure for 30 mts. 5.5 

(sample 2) Raw 10 56 3.6 1.I..Bakedfor90mts.atI4O"C 25 0.8 
Autoclaved at 17 lbs,.. l':9" , '0.6~r~~I/l~ fqr ~Illts."

Pea (Alaaka),(PisulH Jallvum) 10 42 5.6 1.4.. .. 5.9 1.1
 
Red 'gram (sFlple'i) (Cajonu, cajO/.,) 12 21 -1.6


Baki!il, '", ','" ' 
Raw, ,'j'Aut'oelavea'at 15'''''' J.Di'I]," "r~ 
pl)08S~fe fo, 30 Blts.; , , '7.6 
Raw " ,'" 28 11.8 2.1 

,. " ~'::'-': ,} t .IAutot\~vedcat'1'5Ibs 
pressurefor. I 5 mts,.. 8:3 1.7
 

Snap bean (PhaseQ'tp"vulgari.) Raw . .'.. ..,.~ ..'!. 10 10
 
cooked , 0.07
 

vet~t bean (mucQ~~ (hering/anum) 12 20' -1.8

~fodl\;'~.t r~jk~n, , 
pressurefor 30m'ts~ '" 8.8:. "-':") .J.> 

--~---- -------,-,~--,-,~-, - -- ------_.-.~~,--~------

chM lablab), navy bean" (Phaseolus v'ul- -As rioted in Table IV .those legume· 
Karis), Jack beaG" (Canavalia ensi/ormis), proteins whose nutritive value. is enhanced 
velvet bean" (Mucuna deeringianum)" , by heat' generally contain more' than one 
adsuki bear;l.~5. (P1J4seo/¥s angularis), hbrse" toiic.cqmponent, so tbatjt fr;~q!lA\ltl¥'IMl-,
bean," horse grdm"" (Dolichos bifiorlls) .comea.difflcutt to Know which toxic factor 
and, khesae}. ,dahl'llO·lOl tLathyrus sati,u.)' "is'm fact responsible for the poor nutri­
These reported dOt to 80 improve include tire valpeoftt'ltunheafed legumepr(/teins: 
the partridge pea" (Chamaecrlsta fast«, ::1,ri"'aucb, cases an observed correlation 
c"",ta), guar bean" (Cyamopsis psoralol- between an improvement in nl1llritive value 
des), Lespedeza tLespedeza slipulacea)"and, 'and, tbe destruction of a specific toxic 
the common vetch.' (Vicia sativa}, There I component does not necessarily ~lablishl 
are -some reports iri the-literature" to, the ac~sual relationship. In ,1008t inslaqces 
effect that the nutritive value of pea pr-o.", .when heat treatment does produce a
ten. is impaired as a result of heat- positive' effect, it seems to' t\:tll~ IIttIe' 
processing, but there are also a couple of 'ultre~tice whether the legumes are cooked 
rep'Qrts to the conl'tary,," Conflicting data' "ih'Vliaiefl; autoclaved or parched, l'i\otab\e' 
have been reported regarding the effecsof; exceptions, however. are Phaseolus vulgaris 
heal-processing OIl the biological value',of;' and JOollchoslablab which require prelimi­
the proteins present in 'a number of other ,(lary soaking prior tocooking or a'OtocT1l' 
legumes such as Bengal gram,'oo"., llfgeol\', ",in$ inorder 10 eliminate completely the 
pelill and cow peas""· (Vigna sinensis). toxicity of the raw bean.' ...•..., Do, ~ 
Parching improves the nutritive value <of, .and vander Lee'o, suggested that a kidney 
the proteins in the Bengalgram (chickpea)' bean paste might be subtituted foq~llllO.\ld, 
green gram, black gram, horse gram. and paste in baked foods provided the ~ans 
dried peas.'o, Data regarding theeJfect were soaked in water for twelve to twenty­
of,beat processing orethe nutritive value four hdurs followed by autoclaving ·for 
of the legume proteins are given in Ta~1es': 1I~!1f',~orty J.IIinutes at 105 to IIO"C. 
IV & V. " RecOlillne\l<daIJoQll"fq,r the"oUSe of tbtNM:' 

http:bean.'...�
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legumes in products intended for human 
consumption without prior soaking. such 
illo the kidney bean for extending wheat 
flour ''''06 and Dolichos lablab for making 
bean cakes'o' should be viewed with 
caution. That the trypsin inhibitor of 
soya bean is destroyed by heat is amply 
supported by experimental evidence, roe 
and there appears to be in fact an inverse 
correlation between the trypsin inhibitor 
content of partially heated soyabean 
meals and their nutritive value," The 
heat lability of trypsin inhibitors from 
other legumes has not been investigated to 
any great extent. but the available infer­
mation would indicate that some of those 
inhibitors. such as those from the lima 
bean,5. Phaseolus vulgaris"'" and Faba 
vulgaris 1I0·!1I may be more heat stable 
than the soya bean trypsin inhibitor. The 
increased digestibility of cooked legumes 
as measured in v/frO""'" and in viv06' is pre­
sumably due to the destruction of trypsin 
inhibitors contained in them. The hema­
gglntlnin of soya bean is destroyed by 
autoclaving, and the improvement in 
nutritive value effected by heat parallels 
the extent to Which hemagglutinin has 
been destroved.!» Partial heat inactiva­
tion of the purified hemagglutinin from 
Phaseolus vulgaris showed a parallel destru­
ction of toxicity and hemagglutinating 
activity. 77 

9. Ammo acid supplementatIon of Legume 
Proteins 

Legume proteins are good sources of 
lysine and threonine but are deficient in 
sulphur amino acids and tryptophan.'IS 
The nutritive value of several legume 
proteins is seriously affected by the growth 
inhibitors present and the'. proteins of 
several raw legumes do not promote 
growth in animals." Optimal heat process­
ing has 'been shown to . inactivate tbese 
and bring about an increase in the nutritive 
value of the proteins l' Tbe protein 
efficiency ratios of optimally hearproce­
ssed legume proteins range from I 5 to 2.0 
depending on the legume." When supple­
mented witb methlonine.the nutritive value 
of legume proteins are known to improve 
toa marked extent.!'! Fqr example the 
nutritive value of the proteins of Alaska 

field pea is increased almost to tbat of 
casein when supplemented with rnethio­
nine '15 In tbe case of split pea. lentil and 
pigeon pea, addition ·of tryptophan and 
threonine along with methionine brought 
about a : marked improvement in the 
nutritive value of the proteins, '0­

10. Supplementary Value of Legume 
Proteins to Cereal Preteias 

Since legume proteins are rich in lysine 
and threonine; they supplement to a 
marked extent tbose of cereal proteins 
which are, in general. limiting in these 
amino acids A mixture of cereals and 
legumes contains proteins of superior 
nutritive value as compared with that of 
cereal or legume proteins. 116.119 The 
proteins of Bengalgram (chickpea), black­
gram, green gram and red gram (Pigeon 
pea) supplement the proteins of wbeat, 
sorghum and· pearl millet to a marked 
extent. 118 

. 11. Processed Protein Foods Based 00 
Legumes 

Among tbe legumes. parched cbickpea 
has been used rather extensively either by 
itselfor in combination with other protein 
foods as a supplement to the diets of 
children and for the treatment of protein 
malnutrition in children.' Otber legumes 
tested so far with children include black 
bean and cow pea.> A brief account of 
some processed products based on 
Iegumes and suitable for use as a' supple­
ment to the diets of children is given 
below: 
. Parched chickpea:· This is prepared 
extensively on .8 cottage industrial basis 
throughout India. The process is briefly 
as follows: The chickpea is soaked in 
water and then parched by keeping, it in 

.contact for.a few minutes on a bot sand 
bath in a sba!19w vessel. The parched pea 
is dehusked. Since it is a precooked pro­
duct, it is widely used along with parched 
cereals as a snack by children arid adults 
i6. India.tw . 

Roasted chickpea dhal : this is prepared 
by roasting the dehusked dhal iii an electric 
roaster at l20-130"C for8-tO minutes 
The roasted dhal is powdered coarsely 
and used in the preparation of processed 



313 ThtJ nulr;ti.,. va416 0/tM prf)lll;na oj legumll'lOUJ seeds 

protein foods. ego Indian Multipurpose 
food. ,"0 Malt food etc. m 

Balanced Mall Food: The balanced malt 
food consists of a blend of cereal malt t31$) 
low fat peanut flour (30%). roasted chikpea 
flour (20%) and skim milk powder (Illi) 
and fortified with essential minerals and 
vitamins.ut Two ounces of the product 
will provide about one third to one half 
the daily requirements of protein; calcium 
and certain vitamins of preschool children. 

Indian Mutripurpose Food: Indian multi. 
purpose food consists of a blend.of 3 parts 
of low fat groundnut flour and one part 
of roasted chickpea flour fortified with 
calcium salts and certain vitamins."? It is 
available in three forms (I) Formula A: 
Seasoned; Formula B: Unseasoned and 
Formula C : with added skimrnllk powder 
(&0 parts of formula Band 20 parts of 
skim milk powder). Two ounces of the 
product will provide about half the daily 
requirements of protein, calcium and 
certain vitamins of preschool children 

Protein food based 01/ chickpea, coconut 
meal aud low fat' groundnut flour : This 
consists ofa 1:1:2 blend of roasted chick­
pea flour, expeller coconut meal and low­
fat groundnut flour. fortified with cal. 
ciurn salts and vitamins.". 

Precooked roller dried prorein food: 
This consists of a blend of roasted chid<­
pea flour 30 parts. refined wheat flour 2S 
parts and groundnut flour 4S parts. The 
blend is cooked wuh water fortified with 
calcium salts and vitamins and dried on a 

.roller drier.'" The product contains about 
32% protein. Two ounces of the product 
will provide about one third the daily 
requirements of proteins. calcium and 
certain vitamins of weaned infants. . 

12. Use of processeillegomes and protein 
foo<ls containing legomes in the' tre.tiBeat 
of protein malnutrition hi cbIlclr~ 

Several investigators have reported the 
results of studies on the treatment of 
kwashiorkor with legumes 'or blends of 
legumes with oilseed meals or cereals." 
The legumes so far tested include chickpea, 
cow pea" black bean, and a 'mixture of 
chickpea and blackgrarn or chickpea and 
certain oilseed meals. The results are 
bfiefly summarised below. 

Chickpea and blend ofchickpea and skim 
milk powder: The efficiency of parched 
chickpea or a combination of chickpea 
and skim milk powder (4 parts of protein 
from chickpea and I part from skim milk 
powder) in the treatment of kwashiorkor 
has been studied by some groups of 
workers ,"124 The results (Table VI) showed 
that a mixture of chickpea and skim milk 
powder was more effective than chickpea, 
alone in initiating cure of kwashiorkor.' 

.Chtckpea-btackgram dha! blend: A J : I 
mixture of chickpea and black gram dhal 
(Table VI) was found to be less effective 
than chickpea in initating cure of kwashi­
orkorv 

Chickpea-oilseed meal blend: The efficacy 
of two blends viz. Mysore Food A (a 
blend of roasted chickpea flour 2S parts. 
low fat groundnut flour 74 parts ,and 
lucerne powder, I part) .and Mysore Food 
B (roasted chickpea 2S parts" low fat 
groundnut flour 49 parts; low fat sesame 
flour ,15 parts and lucerne powder I part) 
in the treatment of kwashiorkor has ,been 
tested. The results (Table VI) showed 
that both the blends were moderately 
effective in initating cure of kwashiorkor.' 

Indian Multipurpose Food: Indian Multi­
purpose Food based on a I: 3 blend of 
chickpea flour and low fat groundnut 
flour' has been found to be moderately 
effective in the treatment of kwashi­
orkor. '"'''' Indian Multipurpose Food 
Formula C (based on a 20: 20 : 60 blend 
of chickpea, skim milk' powder and low 
fat groundnut flour) has been reported to 
be highly effective in the treatment 'of 
kwashiorkor.w' , 

Maize-blackbean : 'The research group 
on Infantile malnutrition of the children'S 
hospital in Mexico City. have investigated 
the nutritive value of a mixture or lime­
treated maize (irstortillas) and black beans 
in the 4':5 proportion by weight common 
in some Mexican diets. The slope of (he 
weight gain of rats fed this inixtureWas 
only 0.93±0 037 as compared with 'l.84 
±0.040 when 22% of the protein carne 
from milk'!" Similarly, the absorption 
'lind retention of nitrogen' by malnourished 
children was variable from child 'to child 
much lower, than with isocaloric diets 
containing isonitrogenous quantities of 

• 
J. 

I 
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Table VI. RnUJ" o/treatmtrrt ofchl/dren wjfering from Kwashiorkor wllir skim milk l11Id vegetable 
protei" mixture· . 

Diet 

---'._._­
Mysore food A 

Mysore food B 

Mysore food A 

Mysore food B 

Skim milk powder 

Ctcer ariettnum and skim 
milk powder (4 : I) 

Cicer ariettnum and pha­
seolus mllngo U : 1) 

Skim milk powder 

Clcer arie/inum 

Cicero arle/inum plus rice 
(I : 1.3) 

Skim milk powder 

~ 

~ ~,., '0 1i.8 ~ 
0 lsi~ I~~u .... ~~'OII ...~~ ._s ~ 0. 

" 0a 
~ is e i ~ I 

I 
J 

21 4-22 2·18 
12.5 7.1 

31 2-30 3-21 
13.1 8.6 

25 1-29 1·20 
5.4 6.4 

25 I-Il 1-15 
4.6 6.4 

28 1-16 1·20 
6.6 8.3 

21 9-33 2-31 
19 I\.7 

7 13-40 8·37 
28.0 20.7 

26 9·37 2·23 
18.8 9.1 

56 4-45 1·111 
18 5.8 

19 4-68 3·8 
\7 5.2 

49 3-33 2·18 
12 5.4 

• Ref. 4 Patwardhan, V. N., 1962. 

milk. The addition of tryptophan and 
lysine to the Maize-bean diet greatly 
improved nitrogen absorption and reten­
tion in all 4 cases.» Scrimshaw et al. ISfJ 

also found that a mixture of corn masa 
and black beans was not effective in 
intiating cure in cases of protein rnalnutri­
tion in children. The obvious need is to 
find an inexpensive- local protein source 
which will supply additional protein and 
also help to correct the tryptophan and 
lysine deficiency of maize or a mixture of 
maize and beans as above. 

Maize-cowpea-maize germ: In common 
with other investigators. Hansen and co­
workers'" found that milk initiated cure of 
kwashiorkor without dificulty. A two-corn­
ponent mixture of 66% maize meal, and 
33% cow pea meal, however, did·" not 
initiate cure in the 3 cases treated with. It 
while a 3-eomponent mixture made up of 
equal parts of maize meal, maize germ 

'0I~s~ u 5- .!l 

~~;..."a "0 e­
"8's "6 ~'" 
.D • 8~ 
..e.l!'~ ll'O 

i!~'ai:: o . 

i:i~~l 
,,~ 

~o

l
Rise in serum 

I albumin IS/100m1) 

I , 

: 10th : 30th d 
day I ay 

~

1·30 2-2.7 0.14 0.86 
7.4 7.8 

1·\7 2·16 0.12 o.n 
6.1 6.3 

7-30 2·7 0.5 1.42 
16.8 4.3 

4-30 . 2·]0 c. 0•6 154 
14.2 4.2 

6-25 2-12 0.8 1.90 
13.8 6.4 

3·11 5·15 0.3 1.22 
6.4 9.5 

1.36 

4-10 8-22 0.76 1.66 
6.1 15.3 

0-51 2·13 0.4 1.04 
9.5 5.7 

0-64 3-19 0.20 0.63 
14 8.0 

0·24 2-23 0.75 1.24 
7.3 10.5 

ISrikantia and
Gopalan 

1960 

t Chaudhuri etol. 
' (unpubo'. 

, lished 1959) 

} Achar 01 al­
(unpublished 

, ·1959) 

1Achar 01 Q'.
(unpublished 
1959)IVankatochalam
el QI. 1956 

and cow 'pea, did bring about satisfactory 
recovery in the I case in which it was 
employed. It should be noted that it 
would require 238g of the dry 3-compopent 
mixture and 267 g. of the 2-component 
mixture to supply the essential amino 
acids contained in 100g. of skim milk. 
Since these formulae also required relati­
vely greater dilution after cooking, it was 
diftkult to feed enough of the vegetable 
formula to supply protein needs. It appears 
likely that excessive. bulk for protein 
content is thecause for the lack of success 
in initiating cure in kwashiorkor with 
mixtures of maize and. beans, and thIs 
is the same problem encountered with 
other common legume preparations.'.. 
The differences in biological value of the 
protein are clearly reflected in the nitrogen 
retentions which averaged 13-14% for 
milk, 8.8~ for. the 2-com)1Ol1ent mixture 
and only 5.7% for the 3·component 
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mixture. The percentage of nitrogen 
absorbed	 was also low with the vegetable 
mixtures.	 It was concluded that either the 
2 or the 3-(;omponent mixture is satis­
factory to promote consolidation of cure 
and to prevent kwashiorkor, but only the 
3-component mixture is of sufficiently 
good concentration and protein quality to 
be satisfactory for use in treatment. 

Bean-peanut blend: The nitrogen balance 
data furnished by De Maeyer and Vander­
borght on the supplementation of a mixed 
diet with either skim milk. a combination 
of beans	 and peanuts, peanut flour or 
soyabean fed to children convalescing 
from kwashiorkor, merit further mention. 
Their basal diet supplied from II to 47% 
of the nitrogen intake from rice, bread and 
banana flour, and the remainder from the 
test supplement. Nitrogen absorption and 
retention	 were measured from each sup­
plement at intakes varying from 2.0 to 5.8 
g. protein per kg. Skim milk had the 
highest supplementary value by a Con­
siderable margin and the combination of 
beans and peanuts came next, followed by 
soyabean flour and Peanut flour. 

13.	 Supplementary value of processed 
legumes aud protein foods contaiulng 
legnmes to poor dietsbased oucereals 

or a blend oftapioca-cereals 
The supplementary value of certain pro­

cessed legumes and protein foods contain­
ing legume to poor diets based on .cereals 
or a blend of tapioca flour and maize has 
been studied by several workers in albino 
rats and in children.""'" The results are 
summarised below: 

13.1. Experiments with albino rats: 
Desikachar et al is showd that chickpea 
when incorporated at 15% level exerted a 
significant supplementary value to poor 
Indian rice diet. Tasker etal. m found that 
chickpea when incorporated at 20% level in 
'a low protein rice-tapioca diet so as to pro­
vide about 4% extra protein promoted a 
significantly greater gain ·in body weight 
in albino rats than that observed with the 
control rice-tapioca diet (Table VII). In a 
later study, Tasker et 0/. 136 observed that 
chickpea when incorporated in a low 
protein maize-tapioca diet so as to provide 
about 15~ extra protein made up the 

protein deficiency in the diet and-promoted
good growth in albino rats. Processed 
protein foods based on a blend of chick­
pea, low fat groundnut flour and coconut 
meal have been found by the same 
workers to supplement effectively poor 
diets based on rice or a mixture of maize 
and tapioca flours (Table VII). 

Table VII. The supplementary value 0/chick pea 
/lourand other proteinfoods 10 poor taotoco-rtce 

and tapioca-maize diets· 
(Results of experiments with rats 

in 8 week period) 

Diets 

Series] 
A. Tapioca-rice	 5.3 4.1 
B. .. +2Cf,{ chickpea flour 10.3 7.8 
C. .. +2Cr.lo groundnut flour 15.6 10.0 
D. .. +2:()D).; coconut meat 10.7 11.6 
E.	 .. +200.10 protein food contain­

ing chickpea 12.9 15.0 
F. +20% skim milk powder 129 16.0" Seri~ll1 
A. Tapioca-maize	 5.08 0.6 
B. .. +27.6% peanut flour 19.40 17.5 
C. .. +29.1% of 3: 1 blend of 

-peanut flour and skim 
milk powder 19.40 18.5 

D. + 53.3% chickpea flour 19.80 17.2 
E.	 .. +51.1% of3: 1 bleod of 

chickpea flour and skim 
milk powder 19.80 17,8 

F.	 +35.3% Indian multipur­
pose food (formula C) 19.80 18.3 

G.	 + 38.2% of protein food 
containing coconut meal 19.60 19.0 

H. .. +40.6% skim milk powder 19.40 19.1 

• Ref. No s. 135 and 136. 

13.2.Experiments with preschool children: 
The growth rate and nutritional, status 
of children fed on a diet. based predomi­
nantly on cereals and legumes has been 
reported to be inferior to those ofchildren 
on a mixed diet containing animal 
foods.'" On the other hand, Baptist and 
De Mel rss reported that the growth rate 
of children aged 1·6 years on an entirely 
vegetarian diet containing a varied mixture 
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of plant proteins from three cerealS' (rice, trot group receiving a daily supplement of 
l'8!i and wheat), four legumes (lentil, green 2 ounces of rice (Table IX). Ganapathy 
gram, black gram and pigeon pea), coconut "/01.'''' conducted two feeding trials in 
and several vegetables was of the same children to assess the value of legumes or 
otder as that observed with a control protein food based on a mixture of chick­
group receivi ng the same diet together pea and low-fat groundnut flour as compa­
with half an ounce of skim milk powder red with skim milk powder to the diets of 
daily per child (Table VIII). In a feeding preschool children. In the first experiment 
experiment ,.. extendillg for 9 months, three groups of preschool chiidren were 
weaned infants (aged 9to 20 months) fed given one of the following supplements for 
a supplement of 2 ounces daily of a malt a period of One year: (I) a 80: 20 blend 
food or Indian Multipurpose Food contai­ of parched chickpea and skim milk powder 
ning 20% skim milk powder (formula C). Iii) A protein food containing 7S parts of 
showed highly significant increases JD groundnut ftour, 2S parts of roasted 
height, weight. red cell count and haemo­ Bengalgram ftour, 1 part of lucerne powder 
pobin levels as well as improvement in and 1 part-of calcium phosphate and (iii) 
nutritional status, as compared with a con- skim milk powder. The children in each 

Table VItI. 'I"M growth rat'· o/'p,eschool clrild"n 01' a diet COIItal!;lng vegeta"', proteins and tire101ft' 
suppftmenUd with Jklm milk powder 

! Mean percentage I I Protein from 
l 

increase in
Diet and protein I No. and age Duration of protein sup- I Protein Intake 
. supplement !of children experiment plement I I 

(S/day) i~e~;;T ~:i~~ 
I ' . (glday) 

Basal diet containing 15 (1·3 years) 26.4 
.......ble protein. 1-6 years 17 weeks (3,-6 years) 29.7 9.87 2.09 

Basal diet + O.S ounce IS (1·3 years) 3U. 
skim milk powder (t-6 years) .. S.I (3...6 years) 34.8 8.40 2.31 

• Ref. 138, Baptist etal., 19S5. 

Table IX. The 6/fKI of$lIppll11lenla,y",oteln foOd on the row/II rale ofundernourished weaned infants 
'. and p,,,ellool child,en 

, 
0­I . I'~ I ,~ I Increase in 

I 0."&~ i 
~e 

I ~= I ee~ I-~ -~--_ .. --- -8 
Expt. Diet and protein I No. and age ofl -0 ~ I o'Q.lI:I">' .~~ I ! 0¢: Q,~No. supplement I children I· § '-' I 

e~" 's 3 : Weigh. ! Height I'll Z._CI'I_ 
I, H'6' !Ie . 0 ' (kg) I (em) ..: 

0'· 
", ­I . " I ~ e , ~" I 0:	 I . 10 I 

I Rice'diet (control) 8 boys 9 21.0 (i:74 4.30
 
10 girls 21.3 1.02 HI
 

(9-20 months) 
Rice diet+ Indian multi- ·s boY' 9 20.3 41.3 1.9S 6.38 138 
purpose food (Formula C) 10 girls 19.3 40.6 2.34 6.17 

(9·20 months) 
Rite diet +malt food 8 boys 9 13.4 34.4 1.91 S.46 

. 10 girls 13.6 34.9 2.29 6.18 
(9'20 months) 

II	 Basal diet-t-skim milk 36(610 60 12 7.S 10 2O.0g 1.66 8.09 
powder months) depending on age 
Basal diet + My""" 36 (6 to 60 12 .. _ .. 2.00 7.36 140 
Food A montbe) , 
Basal diet + Be_lsram+ }7 (6 to 60 . ,12 2.10 8.36 
skim milk powder months) 

- ----~._--' -------, 
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group received daily varying quantities of 
additional protein (depending on their age) 
from the different supplements as indicated 
below : (a) 9 to 12 months, 7.5g protein 
(b) 13 to 24 months. 109. protein (C) 25 to 
36 months, 15.0g protein and (d) 36 to 60 
months, 20g. protein..No sigmficantdi­
fference was observed in,the mean increas­
es in weight and height or in the nuerltion­
al status between three groups -at the end 
of the experiment (Table IX). In thesecond 
experiment.ithe rate of growth and nutri­
tional status of two groups. of children 
receiving a vegetarian diet lind a mixed 
diet containing skim milk powder were 
compared over a period of 9 months. In 
the first diet cereals contributed about 40% 
and pulses about 60% of the proteins while 
in the second diet cereals.contributed about 
40% and skim milk powder about tiO% of 
the proteins. The mean daily protein 
intake of the children of different age 
groups on the two diet's was as follows:' 
(a) 12-24 months, 20g (b) 25·36 months 
29g (c) 37-48 months. 33g and (d) 49-60 
months 38g. The quantity of legumes 
consumed ranged from 54g for the age 
group 12-24 months to lOOg for the age 
group 37-48 months and of skim 
milk powder from 33g for the age group 
12-24 months to 71g for the age group 
37-48 months. No significant differences 
were observed in the mean increases in 
height and weight between the two groups 
but the increases were significantly greater 
than those observed in a similar group of 
control children subsisting on their home 
diet. (Table X) 

14. Conclosloo 
The data presented in this review have 

shown that legume proteins possess wide-

Iy varying nutritive. vallie.• Even .th0\l8h 
the. nutritive value. of the proteins of raw 
legumes is adversely affected by the trypain 
and growth inhibitoes present tne Ihem, 
cooking inactivates tQ, a large extent-the 
inhibitors lII).d thus brings about an impro­
vement in the nutritive valueof paoteins.P 
Some of the legumes .such as chickpea and 
peas with a low inhibitor content but con­
taining proteins of fairly high nutritive 
value deserve to be. widely cultivated and 
used as a cheap source nf protein in-the 
diets of people in the tropical and sub-tro­
pica! countries <,5 Even though legumes 
are being used widely in .the diets of older 
children and .adulta, they are not at. pre­
sent being used to any significant extent 
as a supplement to the diets of preschool 
children.s» From the experience gained 
in feeding experiments using cereals and 
legumes with preschool children Ganapathy 
et aJ.'''' concluded as follows: .. In the ex­
periment where full feeding was done, 
wastage of food served was relatively more 
in the age group I to 2 years. It will be 
necessary to find out whether it would be 
possible to evolve vegetable protein meals 
of smaller bulk to meet the needs of this 
age group and whether 'a concentrated 
supplement has to be resorted to ". The 
results reported by several workers have 
shown that processed protein foods based 
on legumes and oilseed meals eg Indian 
Multipurpose Food and containing about 
twice as much proteins as common Iegu­
mes could be used as effective supplements 
.to the diets of preschool children.'''''''''''' 
Such foods contain also about two to four 
times as much calcium, and riboflavin as 
common pulses. They are also good sources 
of vitamin A in which pulses are deficient. 
In view of this, processed" protein foods 

Table X. The growth rate" 0/ preschool childr~fJ on die/J containing veg~table pro/elm and a mixl"" 0/ 
vegefable proteins and milk proleIns (expe~i1ll"lIat per~~_9_mo_,,~~~) _ 

. Increase in 
Protein (rom pro­

Diet and protein No. and age of I Protein intake itein supplellitnt children . (g/doy),supplement Weight HeightI'<S/doy) . (ltg)'."(em) 

Basal diet + legumes 44 10to 20 (g) 20 to 30 (g) 1.90 S.4 
(12 to 60 months) depending 00 "tie i1epeoding 00 _ 

Basal diet + skim milk 54 
powder (12 to 60 months) 1.79 6.4Of 

----~--------~-------------. __._-.. 
• ReC. 140. Gonopathy:" al.. 1961. 
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based on oilseed meals and legumes 
would be ideally. suited for supple­
menting the diets of weaned -Infants, 
Consumption of even one ounce of the 
food will provide about 10/1' of additional 
protein to the' ¢hild's diet. Further these 
foods can be readily manufactured on a 
large scale at low cost and used to over­
come the high incidence of malnutrition 
among preschool cbildren in the develop­
ing countries. .; 
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