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o e Introductlon'

TliE' ecﬁBle leguminous seeds are :mpor-
sourcesvdf proteins In'the dietaties of
nsﬁF 'péoplein Asian, African and
"Ardiérican Cotmtnes 2" 1egumes
have assumed great’ 1m[fortance as 4 sup-
Rlsmentary. sxatein food . in view of. the
acpie shariage in the production of animal
Hi;)tel and the wide prevalance of protein
% on n t"he c0untnes
a rmg cent’ yeas, irivestiga-.
have been carried” out by several
gé%;ﬁs ‘of Workers on the utilisation of
es_and oilseed ‘meals in the prevén-
tion and treatment of protein malnutrition
E “chiliiren.£s "The problems involved in
the’ ,rbductioh‘ and use of legumes as a
3f protem ir human diets were
4' joint “conference of FAO
A he!d in 1958.7 A brief account
aviillible’ infdtmation on the, nitritive
value of the proteins of legummous seeds
|$‘§i\fen jh this review. ' ,

sl ,.:3-,_2. Producﬂon

The common leguminous seeds consum-

»

enuohed.

10, Supplementary value of legume . pm-
teins to cereal proteins s

11 Processed protein foods based On
legumes

12.. Use of processed legumes and protein
- foods containing legumes in the

treatment of protein malnutrition
in children

13. Supplementary va'luc of processed
legumes and protein foods contain-
ing lggumes to cereal diets :
131, Experiments with animals
13.2- Experiments with preschool

“children

14.: Concluslon S

Hant

ed in-different parts of the world may be
broadly grouped under three. heads :
(i) grams (if) peas and (iii) beans,  The
term pulse-i$ commonly used in Tndia for
edible legumes.? Data-regarding the pro-
daction of ' legumes (excluding sbyabean
and peanut) are givert'in Table 1. Tt is
evident that India is the largest producer

legumes in the world, the avgrage pro-
d’q‘ uct 1ogmper headwgem’s ‘about.. day
provndxqg, abaut 12 to 15g of progeln.

. RS Cmsumptlon

Data regarding (he- consumption of .
legumes ad" revedled: 'by diet surveys are
given. in ‘Table 'IL ¥t is evident that the
quantity of legumes- comumed vanes
w1dely from-cduntry t¢/ conntry.-

Method of preparition for c&nsﬁhipnon

I.egumes are prepare.d fos consumptlon
in several ways such as whole {egumes,
dehusked dhal and legume flour. A large
number of recipes for the'preparation of
legunzes: for cdnsumption either by them-
selves or mixed with cereal or root flours
is available in different countries. The

f:jn‘v’:ﬂ:j }ﬁ?ﬁ{;’"
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Table 1. Estimated productlon and availability far
hurnan consumption of Legumes™

The nutritive volue of the proteins of leguminous seedy ' - . .

Table I. Consumptian of puises in various
counliries as ascertained by dlet surveys+

i i: . Al ’g:ﬁc/' SRS L T P B I 4 _ TIMe e gt
R &
Country * Ble | - i - Countey ' By ' Remarks
S i
SRl S ; Sa
Argenting. - T 827 89" Phillipines 14 e S !
Australia T - 14 4.7 Western Java 6 e
Austria o S, ., 14 . Mexico 42
Belgium-Luxemburg 38 5.2 Veaezuela 80 Rural workers
Canada 6 - 60  Venenfela © 89 Urban workens
Ceylon - ‘ 4. 13l Guatemala 44  Poor Ladenos
Denmask = .- i - 360 112 .o Lo 81 .Othier Ladatidsi |~
Egypt . ST 3_03: L, Aa Guatemala 51 Poor Indigos.
Finland AL 46 L e Otl}er Indians
Germany Federal Repyblic co18 48  Tdgoland - T 13- 140 e )
Grééce - Tl Lteer 10 Countries (13) R
Honduras . . ¢ 01 - 302 South of Sahara . 10-150 ..
India o g MG6H . 608 e -lf-ll‘l B ccummpuon unit
Ireland 22 | 2.7 New Guinea 3
Israel ! ot 26 88 New Guinea 27 ' Includes peanyts
Raly B T B30 . 162 Japan - 55—78 Exduswe of34 to 65
Netherlands 105 1.9 pe oL . - lon‘. and its
New o M 32 clon o Sy e -products. |
Norway 1 N Ha1t| L300
o " 23 IS Ref. 4 ra‘m \flk O A
illipines . edbdn; V.* 1 T
Portugal 55 17.3 ¢ M
Swiuzriand 3% 31  determined by several workers.!*)*  Some
Turkey p At ngg 223 of btlhe availabls data: is symmarised in
Ummro Sﬁuh tica: o 98 " Table III, The legume proteins are, in
United Kingdom - 11.0 ,
United Stales of Amefica o4 1o ' Seferal, 3°° sources of lysipe and threo-
Urugnay ‘ 37 50" They.

* Exclusive of paamn and loya b&m tRef
Patwardhan, V. N. 19@ - :

r.,‘

d:ﬂ'erent methods of cooking: legume's' ma’y
be grouped as follows, 1
Whole letimes : (i) Soakibi and cooking
in excess of water and.rejecting the water,
(i) toasting and . fi
(iii) cooking after ge;rqmatxon O
Dehusked split legumes . (i) soaking and
cooking in water and o
(ii) cooking in water to.a mash ..
Legume flour : The legume, flours are
ustially fifked ‘With ceréal‘ and tubEr flours
and made into un]cavened bread, pan&akes
or puddmgs

.5, Amino acid compoﬂtmn

Thc essential amino acid compoclunoil
of a nurnber of legummous beeds has been

(]

nine in whi ‘?h cereals afe deficient.’
afe, hpwe _pogy, sources af, sulp]mr
zh‘mgor acids and t;ypfopha.n.

6. * Toxic factors in ‘certain legmpes -m
“efffect:op the hutritive vilhe of the- putd-

‘The resu]‘rs af investigations carried ou :
bY d{ﬂ'éi'ént W?i bers’ ﬁqveﬁ;how that
I¢gnmes doritain toxic factots Which a
adve {Sely the nutritive value of thelr pro-
tél 15 Most _of these factors ‘ch
mactrvated A obqimal heat treatmqm and;

or by leachi g outlo water.” The. varmus
tpkic “factors ' mnay - broadly tr
mmbltors (i)’ hémagglutmms and {ﬁg
inhibitors and (iil) "other  toxic ;

un@er 1he following ﬁeads, (|) 1
The, avdilable mformatmn is,, summatm '

in Tablc Iv. . 7
6.1 Tripsin’ fnhtb:rors Osbomﬁ and
Mendel's first observed that raw soya

bean will not support growth of rats while

CEil S "!i
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it 1 o8 VENKAT RAO AND ORHERS -

cooked soyx bean promoted gdod growth.
Melnick er al.\7 reported that the methio-
pipein Taw s0y& bean' was liberafed' more
slowdy. by the: proteokylic enxymes of - xhe
tmtestines . tham the other essaatiat amino
asids. . This concept. . was strengthened
by ithie discovery, P19 purification %2_and
characterisation 2% of a heat Jabile pro~
toin insoya bean which iohibited the pro-
teolytic activily1of trypsin. - Active ~amti’
iryptic feactions; from unheated soya bean
have jbeen shown to retard the growth of
raty;#5¢ mice 3 and chicks.2™32 Because
the protein efficiency of -partially heated
soya bgan flours ,increased in proportion
to the destruction of the trypsin ighibiter,
Westfall -and Haoge™ concluded that the
trypsin*inhibitor wds the majot caise of
the' poor utilisation of the protein in raw
spya 'bean.” Trypsin countérdcted ' the
growth depression observed with chicks®+%
dnd' tags” ‘receiving dlets ¢ontaining.
rawsoyabean. =~ Y 0
“¥Theré appeared t§ be liftle gipubt, therd-
fote, that the poor growth:gromoting
qaality ‘of iw soya bean’ could be attri-
buted to a large extent to a tri\;p_sin_fn_ ibi--
tor, - Although- Melnick’s * Hypothes]s,”
referred to eatliet, woulddppear to explain
thé¢’ mode of action of a trypsin_inhitsior,”
other ‘obsetvations @0 not support “his
theory. Invitro studies have shown that
thei trypsint1whibitor does a0t 'specifical iy
retard the eozymatic release of methionine,
t seems to affect all the amino aciddo
the same; oxtent ’8-¥  Active - antitryptic.
prepagations have been shown to. retard
the gipwih of rats¢ angd mice’-even whesn.
added. to- diets containing,; predigestett
profein when intestinal protealysis would
nohiplay a part with respect to the avaita-
biliy,of the assential amino acids. L
It _bas been moted.that chicks? -and
rate*™+ fed raw soya bean oil meal dever.
lap marked hypertraphy.of the pancseas..
Confrary .ta,what had been. generaliy ass-'
wmedl the amaunt of trypatnr found in -the .
ingestines' of rats, 46 and ohicks?’ fed raw
soya
observad.inanimalks fed the heated- soyill
bwain- A crystalline preparasion: of the tryp-.
sidphibitor produced the same. effects-es.
raw-g0ya bean oilmeal.*? It would appear,<
therefore, that the growth depression-,

bean was actually greater thapnpthmit.

308

caused by the trypein IaHibitor g5 littte 16
do-with an (phibition ofintestinal prbteoly-
s, but may be the résult of an endbgenous
loss of cssential amine advids from 4 hypeirc
active : patcceas whichi 8 redponting i a'
compensatory. fagshion 10 the éffscts of e
trypsin inhibitor. - The loss in"methionite
wouid be pdrticutasly - acute sinéd isoyal
bean proesins.is ddficiont. in this tamino
acid. : Whether-thiscexplanation with with
stand the, test. of .firther ‘experimentation:
remdins to'be!seen. . GO vau CE
Trypsin inhibitors have hiso been fouad
in a large mmber-of- othepilegumias dand’
their presence provides the st 1iely’
expianation for the obsetvationthat ‘hedt-
ing increases the in:vitro digestibility of
some leguminous protting -5  Jaffbsr
observed that those legumes: whiclr Mg
tiwe highest trypein inhébitor gativivy werd
also those in which the.digedtibitity o
measured . in “Vivar with rats, ‘ was! mosi’
improved By cooking. ‘A ditect inhibitiof
of the rgrowth:of miceoby purified prephrss
tions:of & trypsm rikhibitor- from:ilirmd!
besns was idemonstrated: by Fauber braf, &
but; Sohonie 1.4l were unable’ to show
any growthiinhibitionin rats by bty ifibis:
tor purifisdfrom thesdouble tbean: 1 AN,
the case of ébya bean, itiisnot-corthin $hee’
the-trypsim inhibitor enerts ite deletdridus:
effact on growthiby an inhibitton of intes:
tios! protectysis since Klose o g5 .fownd
that fractions ofilissa “béan ‘prowein wirioh :
were: high-in amtitryptic: actwity inhibited!
the growth:tof rats fed acidi-hydrolyzed:
caseins ' o~ Ao ilge T
62 Hemagglatinins andgronthinhibisors:’
An examination.of the-fata ity Table TV:
reveals no obvious relationship betweén:
the - benefidial. efidct which hext prodices
on some legumesiand 5:thé preschods b
absence of-a#rypstil ‘inhibitor,.& conctuyies
which - has also bean reached: by Borchers -
and: Ackersoni® and. Jaffei5: ) This disom-:
pancy had-servedito faclis attention on the
possible _presence of :pther gnowth: idkilbin
toryidn:maw légumes: whichi kré' desfloyed!
by:heat, Nymerous:reporty may befound.
in theiolden iteratare describi stokier
cffeots.: producedlinsanimals by thesunges
tion.ofsome legitmaes. - Thus Osbotme and:
Meadel®l ta 1912 reported:that-rats would:
not pgrow if4he source of dietary: ppétein

(S0 EE TR b4
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was derived from the kidoey bean, (Phase-
olys vulgaris) and that prolonged ingestion
of -raw.beans resulted ip -death of. rats.
Singo that time, numerous wockers 38,56-62
have reporied-similac, observations on
awide variety of beans whichare botani-
cally classified as - Phaseslus valgaris.
In addition to the  latter,- Jaffe55l also
found a high degree of toxicity.in rats fed:
diets containing Dolichoz lablab, Ganavalia
ensiformis - and - Phaseolus lunatus. Since
this toxicity could not be counteracted -by
a cagein digest, Jaffe'® concluded. that.the
toxic .pringiple involved-hese was not a.
teppsin inbabitor, - - - S
The preseace of substances in Jegumes.
which have the ability to aggiutinate the
red: ‘blood ceHs from various species of
animals has loog been: recognised.si®
These hemagglutibins are sometimes refes
red to as phytoaggiutining or le:tins® and
their distribution among the legumoes is-
shown in Table AV. Although 2 doxic
reaction may be producedin animals by:
the direct injection of the purified hemag-.
glutinin of the jack:bean®®?* and the soya:
bean,/1'7# Liener?¥7+ galled attention to thei
fact that the oral ingéatian -of the purified
hemagglutinin of the soya .bean would
inbibii the:.growth of rats. Tho hemag-
glotinin of Phaseolus -valgaris has heen:
recently: purified”’® and: Jaffe”? and
Hoaavar ef of.”® have shown that- pucified
preparations of - this - hemagghutinin can”
markedly inhibit the growth of rats, Jaffe””
is of the opinien that the action of the,
hemagglutinin is to combine with the celis
lining the intestinal wall and thus-to inter-
fere with the intestinal absorption of nutri-
enu. . . - .

« At this point, it may be :well ta. point
out that there have been several instances
reported in which manifestations of toxi-
city: bave been observed in subjects who
hawe e¢aten: insufficiently cooked -s¢arlet

runnec beany’® - (Phaseohir- coccinens or:
multifforus) orinadequatly -heated kidney:
bran four.3 - Castiright and: Wintrobe.,:
describad symspioms of. nausen, - vomiting

and diarrhoen in Japanese prisdners of war

wheo: were fed raw soya bean.: It would .

appear . logical to suspect the hemaggluti-
nina as being responsible at least in part,-
for the toxic manifestations observed In

The mtrRWe Wtfce of the proteins: of teguminous seeds

human subjeats
legumes, L R
. 63 Qther ftoxic - factors: Other: toxic
factors present ip legumes are goitragenic
factor, 38 cynogenetic glucosides™% and
saponins.’8 In addition certdin classes
of iegumes contain specific toxic principles.
e.g. the toxic- principles present. in. the
legumes of lathyrus family ceuse the
disease lathyrism in human beings®*. and
odaratism in animalss? and:-the toxic prin-
ciples present in. vicia . feba- cause - the
disease favism characterised by ‘hemdlytic
anemia ip dnimals and human beings. 9%
- 7. Eliminiition of 'toxic factors
The toxic factors present in fegumes. Cap
be eliminated by heat processing undex
controlled ‘conditions and by leaching out
the toxic principles by soaking in ¢old %E
warm water and discarding the water !>
Heat processing . The toxic principles
which are indctivated by controlled heat
processing are trypsin inhibitors,'> hemag-
glutining ﬁﬂ_d growth inhibitgrs'® goiterg-
genic agents," saponins,’? and the tox‘.i,.%
principles tdusing favism.% . =
Leacking in water . The toXic principles
which are leach¢d .out’ip water include.
cynogenetic glucosides,” and toxic factors

ingesting. certaih- raw

present. in legumes ‘of the lathyrus
e A . e
8. Effect of heat processing om the nutritiye :

valoe of legnme proieins
~-Most of the antinutritional ‘or toxig
effects of legumes which have beén des-
cribed can be partially or wholly elitalig-:
ted by the proper application oly' heatars’
This - effect is- manifested by a- gendral
enhancement of the nutritive value of- the
proteins of legumes (Tabie V). It is this
relative case with which these toxic compo-
aents ‘can be removed, in most cases, by
approptiate methods of . cooking fhat has:
no doubt contributed-to the popularity ‘¢of
legumes asastaple food in the diét i m&ry
countried: ‘Methods df preparlng légumes:'
for human Slcohsamption -have: been des-
cribédiin detail by sevezal: workers, 79129 -
The nbtritive - value of the proteins n
several: legumas have been - compdred:
when fed raw and after autoclaving'(Tabls-
V). Those found to improve on heme’
processing include the field bean!® (Doff-
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Table V. Effect of heat processing on the nutritive value of Iegume proteins as judged by growth of rats.

| § - i)
R
i = . °‘ -
. § g.,. L z
. Conditions of heit AR
Source of protein treatment §8 "a§ _gg . PBR g :
L o g -E‘S &2
-1 — [¥]
) ) - I [
=] - ] b
(I & 6 o
1 T 3 56 .1
Bilack bean (Phaseolut vulgaris Raw ' ~ 14.1 -— — 201
" (Phas ”u wigaris) Autoclaved at 16 Ibs . N
: pressure for 30 mbs 155 " 125 11 "
v . Autoclaved 16 Ibs. ) o »
pressure fqr 60 mts.’ };8 '2'] 5_8’ 09 ' l:l
Black gram (Phaseolus mungo) Raw i _
" gram ( . Autodawd at 15 Ibss,
prqsurc for 30 mts, v ;:0 ;g — ’5’5
Blackeyed Vigna sinensis " . —
"ey pea { x,, ' ) Auloclaved‘ at1s lbs, . .
' it '( prcssure for 30 mts, ” ‘2’1 ﬁ; - - ]" '
Chickpea (3athple 1) (Cieer arletinum) S . - 4l
‘e ,3 - Autoclaved at 15 Ibs, '
R focomts” D NS G
”» le 2 aw i . . 3
' (samp ,), Autaoclaved at 15 Ibs.
to 1) B4 ‘ %r:ssu',te for 15 mts. " ;‘} }3(7} 24 - ;';3:
Come (Samp 'tgna- catiang) w ' g - Y — .
-.Pu )1 s L %oknd for 2 hours . v 1395 - "
. - s e 2 n ) 1 KX \ . - -
.au M;a::; !al)n' b) ﬁomd for2houy ) 1 ¥ 18 Negtive 'f00 "
Fitdd bes 4, mo -1, egative 100
. o » -~ Autoclaved at 15 Tbs Che # R
y e ( haseolus lpirlasmfor 30 mts. ];:1, \ ‘2'1 -15:5 - Negative - ,:ﬂ
Green gram Sample 1) (Phase md!ams w . o L R I )
" »” ) ) UlOGIB\"Dd at 15 lbs S . = 3 i
: o) %Tnum for 30 mis. . " Z.O < 13 mo .
”» mp e ) ’,’ -.4' - L ’
” BT Astodaved at 15 lbﬁ . . T i A
. ﬁ:ssumfor 15 mts. »” " 9% - 1. RELL
Horse bea.n (Victa faba) aw ) ” 2 Lo -1
ey T o Autoclaved at 15 Ibs L - ] . L
Lo i . pm for 30 mtg. <=1 10 ,; r4!1 .-‘_]_ ;I;J 2
Home gan, 'Do!idmsb! ras) - . Rawr-. ' 2. 36 . 44 17 -
Y - o .( [T ﬂo ) Amved at ]5“78‘-. Lo W) ' jee T
! o i pressure for 15 mis. [ 1 § _hlg.'l L7, .
Juck bear (Canamlm ensiformis) Raw ¢ 1 YooW-721 — "5
. " ... Autoctaved at:15 1bs. A N
; al B ot %r:um for 30mts: . . - LM ’2' g.ﬂ —w ’J'l':“:;
Kesari thym saﬁws A 3| Q — i
» * W » ) Autoclaved at 15 Tbs.,] . L o
. %ressm ‘for 30 mts, e ;6 7t 2.4 -, ';, "
Kldmybun Pha.veolu.rw aﬂ.l ' aw 104 O — — '
", ¢ », 8 ) Autoclaved al 15 lbs BN . . i
- e I[ir:ma.u'e for 45 mte. ;. ’12 ;1 . 2—0- e :4“1 :
Lentil tSa:m e 1y (Lens esculenta w . . L —_— .
e ple 1y ., ) " Autéclaved at 151bs,’ ‘ B . :
Cou ( . ptecsure for 3-0 mts. ’: ; 50 o : ;;n
- snmplez . Raw ? 3% . 1.2 A -
.:’- Y ) A‘lllocja"ed at ]_s lmo : YRS r T
Pressum.for 15 mts. ” i 6.5 08 , .,
Unﬁbm(samplel) (thm ﬁmm.v) aw - o 10 28 -27 — 168
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1_- 1

20 3 4

Navy bean (Phaaco!usqvulgaris) R

Pinto beair (Miaseolus }'uiggri:s) ST Raw

Pea (sample 1) (Pisumt sativien)

” ” -

(sample 2) Raw

¥?

L1}
n

"

Pea (Alaska).(Pisuni sativiam)

1

y ., Baked; ..,
Red gram (sample 1) (Cajanus cajqr) Raw

LI 1y ot
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” L}

t L

Raw
cobked
Raw
Aut

Soap bean (Phaseoiq.?_vulgaris)
Velvet bean (mucana deeringlaum)

i) 3,

pressure Tor 30 mis, ..

Autoclaved at 15 Ibs.
pressure for 30 mts.

Raw
Autoclaved at 15 Ibs,
pressure for 30 mts.

Baked for 90 mts. at 140°C
Autoclaved at 17 lbs.

pregsyre f mts,. »
Autdclaved at 15 Ths,)
pressure for 30 mts., -
Raw .. |, . .. .-
Autoclaved'at 13 1bs

pressurefor.i5 mis,,

ocTayed it rs;gb‘;'

Autoclaved at 15 1bs,
pressure for 30 mis.

Raw
Autoclaved at 15 lbs.
-pressure for 45 mts,
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21
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36

L

59

e
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chas lablab), navy bean™ (Phaseolus vul-
garis), Jack bean®’ (Canavalia ensiformis),
velvet bean® (Mucuna deeringianum),.
adsuki bean?. (Pgseolus angularis), Hoise "
bean,’s horse gram!% (Dolichos biflorus)
and- khesari. .dahl'®19! (Lathyrus sativus) .
These reported nibt to so improve include
the partridge pea’® (Chamaecrista fasin;
culata), guar bean% (Cyamopsis psoraloi-

des), Lespedeza (Lespedeza stipulaceayiand .

the common vetch® ( Vicia sariva). Theré!
are ‘some reports in the-literature!? to the
effect that the nujritive value of pea prow.
teing i8 impaired as a resamlt of heat-
processing, but there are also a couple of
reports to the conttary,!? Conflicting data’
have been reported regarding the effect-of..
heat-processing on the biological value: of
thé proteins present in a number of other
legumes such as Bengal gram,'%>1¢! pigeon
peas and cow peastss® ( Kigna sinensis).
Parching improves the nutritive value «of .
the proteihs in the Bengalgram (chickpea)
green gram, black gram, hofse gram and
dried peas.'”? Data regarding the effect
of -beat processing omtthe nutritive value
of the legume proteins are given in Tables
IW&v., - : v

" "As noted in - Table 1V . those legume
proteins whose nutritive value is enhanced
_by héat generally contain moré' than one
‘toxic component, so that jt frequently be-,
-comes.difficult to know which toxic factor
«igin fact responsible for the poor nutri-
tive valpe of the nnheated [égume préteins.
“In"'such cases an observed correlation
between an improvement in nidritive value
-and. the destruction of a specific toxic
compoient does not necessarily establish,
‘a casudl relationship. In most instances
;when heat treatment does produce a
positive: effect, it seems to' mmdke Httle!
/diffevetice whether the legumes are cooked
ih'Water, autoclayed or parched. Notable:
exceptions, however, are Phaseolus vulgaris
and.olichos lablab which require prelimi-
,nary sodking prior to cooking or autocTa-
‘Ving in order to eliminate completely the
toxicity of the raw bean.!0%¢ De. Vnigs
and vander Lee!®> suggested that a kidney
‘béan paste might be subtituted for almond,
paste in baked foods provided the beans
wete soaked in water for twelve to twenty-
four hefurs followed by autoclaving -for
about- forty minutes at 105 to 110°C,
Recomhmendations. for .the .use of these:
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legumes in products intended for human
consumption without prior soaking, such
as the kidney bean for extending wheat
flour 7% and Dolichos lablab for making
bean cakes!%? should be viewed with
caution. That the trypsin inhibjtor of
soya bean is destroyed by heat is amply
supported by experimental evidence, 0
and there appearsto be in f{act an inverse
correlation between the trypsin inhibitor
content of partially heated soyabean
meals #nd their nutritive value® The
heat lability of trypsin inhibitors from
other legumes has not been investigated to
any great extent, but the available infor-
mation would indicate that some of those
inhibitors, such as those from the lima
bean, *® Phaseolus vulgaris'™® and Faba
vulgaris '®111 may be more heat stable
than the soya bean trypsin inhibitor. The
increased digestibility of cooked legumes
as measured i1 virrot®? and in vivod! is pre-
sumably due to the destruction of trypsin
inhibitors contained in them. The hema-
geglatinin of soya beam is destroyed by
autoclaving, and the improvement in
nutritive value effected by heat parallels
the extent to which hemagglutinin has
been destroyed.!’? Partial heat inactiva.
tion of the purifisd hemagglutinin from
Phaseolus vulgaris showed a parallel destro-
ction of toxicity and hemagglutinating
activity, 77 '

9. Amipo acid supplementation of Legume
Protelns

Legume proteins are good sources of
lysine and threonine but are deficientin
sulphur amino acids and tryptophan.i!s
The nutritive value of several legume
proteins is seriously affected by the growth
inhibitors present and the | protéins of
several raw legumes do not promote
growth in animals.'® Optimal heat progess-
ing has "been shown to imactivate these
and bring about an increase in the nutritive
value of the proteins V' The protein
efficiency ratios of optimally heat proce-
ssed legume proteins range from 1 5 to 2.0
depending on the legume.’* When supple-
mented with methionine,the nutrifive value
of legume proteins are known to improve
to a marked extent.!!* For example the
putritive value of the proteins of Alaska
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field pea is increased almost to that of
casein when supplemented with methio-
nine ''* [n the case of aplit pea, lentil and
pigeon pea, addition -of tryptophan and
threcnine along with methionioe brought
about a -marked improvement in the
nutritive value of the proteins.’o

10. - Supplementary Value of Legume
' Proteins to Cereal Proteins

Since legume proteins are rich in lysine
and threonine, they supplement to a
marked extent those of cereal proteins
which sre, in peneral, limiting in these
amino acids A mixture of cereals and
legames contains proteins of superior
nutritive value as compared with that of
cereal or legume proteins, 16119  The
proteins bf Bengalgram (chickpea), black-
gram, green gram and red gram (Pigeon
pea) supplement the proteins of wheat,
sorghum and pearl millet to a marked
extent. 118 :

.11, Processed Protein Foods Based on
Legumes ‘
Among the legumes, parched chickpea
has been used rather extensively either by
itself or in combination with other protein
foods as a supplement to the diets of
children and for the treatment of protein
malautrition in children,* Other legumes
tested so farwith children include black
bean and cow pea.® A brief account of
some processed products based on
legumes and suitable for use as a- supple-
ment to the diets of children is given
below : : '
_ Parched chickpea. - This is prepared
extensively on a 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 hot sand

bath in a shallow yessel. The parched pea
is dehusked. Sinceit is a precooked pro-
duct, it is widely used along with parched
cereals as a snack by children and adults
i India.102 - '

Roasted chickpea dhal . This is prepared
by roasting the dehugked dhal in an electric
roaster at 120-130°C for -8-10 minutes.
The rodsted dhal is powdered coarsely
and used in the preparation of protessed
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protein foods. eg. Indian Multipurpose
food, 1% Malt food etc.i2!

Balanced Mait Food: The balanced malt
food consists of a blend of cereal malt (37%)
low fat peanut flour (30%), roasted chikpea
flour (20%) and skim milk powder (i0z)
and fortified with essential minerals and
vitamins.'?! Two ounces of the product
will provide about one third to cne half
the daily requirements of protein, calcium
and certain vitamins of preschool children,

Indian Multipurpose 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 (1) Formula A4 :
Seasoned ; Formula B. Unseasoned and
Formula C ; with added skim -milk powder
(80 parts of formula B and 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 on chickpea, coconut
meal aud low fat' groundnut flour : This
consists of a 1:1:2 blend of roasted chick-
pea flour, expeller coconut meal and low-
fat groundnut flour, fortified with cal-
cium salts and vitamins.'2

Precooked roller dried protein food :
.This consists of a blend of roasted chick-
pea flour 30 parts, refined wheat flour 25
parts and groundnut flour 45 parts. The
blend is cooked with water fortified with
calcium salts and vitamins and dried on a
iroller drier.)*? The product contains about
329%, 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 processed legumes and protein
foods containing legumes in the' treatment
of protein malnutrmon ini children

Several investigators have reporfed the
results of studies on the treatment of
kwashiorkor with legumes or blends of
legumes with oilseed meals or cereals.s
The legumes so far tested include chlckpea
cow pea,. black bean and a mixture of
chlckpea and blackgram or chickpea and
certain oilseed meals. The results _are
briefly summarised below.

from milk, 128
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Chickpea and blend of chickpea and skim
milk powder . The efliciency of parched
chickpea or a combination of chickpea
and skim milk powder (4 parts of protein
from chickpea and 1 part from. skim milk
powder) in the treatment of kwashiorkor
has been studied by some groups of
workers #'12¢ The results (Table V1)showed
that a mixture of chickpea and skim milk
powder was more effective than chickpea.
alone in initiating cure of kwashiorkor.t

. Chickpea-blackgram dhal blend : Al ;.1
mixture of chickpea and blackgram dhal
(Table VI) was found to be less efiective
than chickpea.in initating cure of kwashi-
orkor *

Chickpea-oilseed meal blend: The efficacy
of two blends viz, Mysore Food A (a
blend of roasted chickpea flour 25 parts,
low fat groundnut flour 74 parts and
lucerne powder-1 part).and Mysore Food
B (roasted chickpea 25 parts, low fat
groundnut flour 49 parts; low fat sesame
flour 25 parts and lucerne powder 1 part)
in the treatment of kwashiorkor has been
tested, The results -(Table V1) showed
that both the blends were moderately
effective in initating cure of kwashiorkor.+

Indian Multipurpose Food : Indian Multi-
purpose Food based on a 1:3 blend of
chlckpea flour and low fat groundnut
flour has been found to be meoderately
effective in the treatment of kwashi-
orkor. 13°126 Ipdian Multapurpose Food
Formula C (based ona 20;20:860 blend
of chickpea, skim milk powder and low
fat groundnut flour) has been reported to
be highly effective in ths treatment ‘of
kwashidrkor.!2"

Maize-bluckbean :  The research group
on infantile malnutrition of the childrén’s
hospital in Mexico City, have investigatéd
the nutritive value of a mixture of linies
treated maize (as tortillas)and black beiris
in the 45 proporuon by weight comnien
in some Mexican diets. The slope of the
wdight gain of rats fed this mixture ‘Nyas
only 09320 037 as compared with '1.84
40,040 when 22% of the proteip came
Similarly, the absorption
ind retention of nitrogen by malnourished
children was variable from child to child
much lower . than with isocaloric diets
containing isonitrogenous quantities of
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Tdble VI, Resmirs of treatment of children suffering from Kwashtorkor with skim milk and vegetab!c
pram'n mixture®
: Bg5a _— ‘ Rise in serum
| - - 535 | = albumin (g/100ml)
3 | s 5 .§ 2285 | 59 |
S £ = B + E™
: . % | 588 | ¥z |¥E% | §3
o ERE R I
l @ | gg s | E s s |ege | 2¢ g:g' 30th day
O 3218z |33z | E2
A = £ ﬁ’ &
\ ‘ - g 2 J a
U SR 5 L - :
Mysore food A 21 4.22 2-18 1-30 227 0.14 0.86 Srikantia and
12.5 7.1 7.4 - 7.8 - Gopalan
Mysore food B 3l 2-30 3-21 1-17 241 66 0.12 0.77
. 131 B.6 6.1
Mysore food A 25 1-29 1-20 7-30 2-7 0.5 1.42 ; Chaudhuri efol.
5.4 6.4 16.8 4.3 - {unpub~
Mysore food B 25 1-11 1-15 4-30 210 .06 154 . lished 1959)
4.6 6.4 14.2 4.
Skim milk powder 28 1-16 1-20 6-25 2-12 08 190 Achar et al
. 6.6 8.3 13.8 6.4 (unpubhshed
Cicer ariefinum and skim 2| 9-33 231 311 5-15 03 122 1959)
milk powder (4 : 1) 12 11.7 6.4 9.5
Cicer arfetinum and pha- 7 1340 8-37 — — — 136 Achar  ef al.
seolus mungo (1:1) 28.0 20.7 (enpublished
Skim milk powder 26 9.37 223 4-10 8.22 0.76 1.66 1959)
18.8 9.1 6.1 15.3
Cicer arietinum 56 445 1-18; 0-51 2-13 04 104 Venkatachalam
18 58 9.5 L et al. 1956
Cicer arietinum plus rice 19 4-68 3.8 0-64 3-19 0.20 0.63
(1:1.3) 17 5.2 14 8.0
Skim milk powder 49 3.33 2-18 0-24 2-23 0.75 1.24
12 54 7.3 10.5

* Ref. 4 Patwardhan, V. N., 1962.

milk. The addition of tryptophan and
lysine to the Maize-bean diet greatly
improved nitrogea absorption and reten-
tion in all 4 cases.'?® Scrimshaw er a/1%
also found that a mixture of corn masa
and black beans was not effective in
intiating cure in cases of protein maloutri-
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
lysme 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-com-
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-component mixture made up of
equal parts of maize meal, maize germ

and cow pea did brmg about satisfactory
recovery in the | case in which it was
employed. It should be noted that it
would require 238g of the dry 3-component
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
difficult to feed enough of the vegetable
formula to supply protein needs. It appears
likely that excessive bulk for protéin
content is the cause 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 brological value of the
pmtem are clearly reflected in the nitrogen
retentions which averaged 13-14% for
milk, 8.8% for. the 2-compopent mixtuce
and only 357% for. the 3-component
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mixture. The percentage of nitrogen
absorbed was also low with the vegetable
mixtures. Tt was concluded that either the
2 or the 3-component 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 satisfactoty 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 convalesting
from kwashiorkor, merit further mention,
Their basal diet supplied from 11 to 47%
of the nitrogen intake from rice, bread and
banana flour, and the remainder from the
test supplement, Nitrogen absorplion and
retention were measured from each sup-
plement at intakes varying from 2.0 to 5.8
g. protejn 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 peunut flour,

13. Suopplementary valae of processed
legumes and protein foods containing
legnmes to poor diets based ou cereals

or a blend of tapioca-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 #5133 The results are
summarised below :

13.1. Experiments with albino rats:
Desikachar er a/ 134 showd that chickpea
when incorporated at 15% level exerted a
significant supplementary value- to poor
Indian rice diet. Tasker efal.13s 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 gainin body weight
in albino rats than that observed with the
control rice-tapioca diet (Table VII). In a
later study, Tasker et al.1% observed that
chickpea when incorporated in a low
protein maize-tapioca diet go as to provide
about 15z extra protein made up the

The nutritive value of the praveins af leguminous seeds

protein deficieney in the diet and-promoted
good growth in albino rats. Processed
protein foods based on a blend of chick-
pea, low fat groundout 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 VIT. The supplementary value of chick pea
flour and other protein foods to poor tapioca-rice
and tapioca-maize diets®
(Results of experiments with rats
in 8 week period)

B
=2 [Z4
L
58 |»°
o |
Dicts S _|858
238 %9
g8a
22 |82
8 g3
=9 >0
£° 1<
Series 1
A, Tapioca-rice 53 41
. s +20% chickpea flour 103 7.8
C. .. +20% groundnut flour 15.6 100
D. .. +2 coconut meal 10.7 11.6
E. ., +20% protein food contain-
ing chickpea 129 150 °
F. ,, +20%skim milk powder 129 16.0
Serfes 11
A. Tapioca-maize 508 06
B. ., +27.6% peanut flour 19.40 17.5
C »w +29.1% of 3: 1 blend of
. -peanut flour and skim
milk powder 15.40 18.5
D. .. +53.3% chickpea flour 19.80 17.2
E. ., +5L1%of3:1blend of
. chickpea flour and skim
milk powder 19.80 17.3
F. , +353% Indian multipor-
: pose food (formula C} 1980 18.3
G. ,, +382% of protein food
conlaining coconut meal 19.60 19.0
H. ,, +40.6% skim milk powder 19.40 19.1

* Ref. Nos, 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 of children
on a mixed diet containing animal
foods.!3” On the other hand, Baptist and
De Mel 1% reported that the growth rate
of children aged 1-6 years op an entirely
vegetarian diet containing a varied mixture
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of plunt proteins from three cerealy (rice, trol gfoup receiving a daily supplement of
ragi and wheat), four legumes (lentil, green 2 ounces of rice (Table 1X). Ganapathy
gram, black gram and pigeon pea), coconut  ef-ql.'* conducted two feeding trials in
and several vegetatles was of the same children to assess the value of legumes or
order as that observed with a control protein food based on a mixture of chick-
group receiving the same diet together peaand low-fat groundnut flour as compa-
with half an ounce of skim niilk powder red with skim milk powder to the diets of
daily per child (Table VIII), Ina feeding preschool children. In the first experiment
experiment ' extending for 9 months, three groups of preschool chiidren were
weaned infants (aged 9 to 20 months) fed given one of the following suppiements for
a supplement of 2 ounces daily of a malt a period of one year: (i) 2 80: 20 blend
food or Indian Multipurpose Food contai- of parched chickpea and skim milk powder
ning 20%, skim milk powder (formula C), (i) A protein food containing 75 parts of
showed highly significant increases in groundnut flour, 25 parts of roasted
height, weight, red cell count and haemo- Bengalgram flour, 1 part of lucerne powder
globin levels as well as improvement in aAd 1 part of calcium phosphate and (iii)
nutritional status, as compared with a con- skim milk powder. The children in each

Table VIII, The growth rate* of preschoo! children on a diet containing vegetable protelns and 1he same
supplemented with shim milk powder

. l_
I | Protein from \ Mean percentage

~ Diet and protein { No. and age | Duration of | protein sup-' Protein intake ‘ 7_'_"2:'????_"_‘_”_“
supplement i of children | experiment plement (g/day) : .
_(g/day) . Weight | Height
Basal diet containing 15 : (1-3 years) 26.4 ¢ o, 2.09
vegetable proteins 1.6 years 17 weeks = (33-6 years) 29.7 : .
Basa] diet + 0.5 ocunce 15 (1-3 years; 3.8, 3.40 231
skim milk powder (1-6 years) ” 5.1 (346 years) 34.8 ’ .

* Ref. 138, Baptist ef al., 1955.

Table IX. The effect of supplemeniary protein food on the growth rate of undernourished weaned infants

 and preschool children
|| E@!I g8 8 Increase in
|88 g8 (8o |8
Expt. Diet and protein ! No. and age of | S E | é'ﬁ-.g 23 | E P
No. supplement i children | 5:« : 8 5‘3 ..“..-53 | Weight | Height «%Z
o 18§ ©co BT (k@) | (em) |
\ ' . B8 g% =
. - Y sl | ] |
I Rice-diet (contrel) 8 boys. 9 — 21.0 0.4 4.30
10 girls 213 1.02 3.5
{9-20 months)
Rice diet + Indian multi- ‘Bboys . 9 20.3 41.3 1.95 6.18 138
purpose food (Formuia C) 10 girls - 19.3 40.6 2.34 6.17
(3-20 months)
Rice diet 4- malt food £ boys 9 134 344 1.91 546
.10 girls [ 13.6 34.9 2.29 6.18
(9:20 months) - '
IT Basal diet+skim milk 36 (6 to 60 12 7.5t0 200g -— 1.66 8.09
powder months) depending on age
Basal diet + Mysore {Eto60 12 ' — 2.00 1.36 140
Food A months)
Basal dict + Bengalgram + 37 (6 to 66 - 12 » — 2.10 8.36

skim milk powder months)
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group received daily varying guantities of
additional protein {depending on their age)
fromthe different supplements as indicated
below:.(a) 9 to 12 months, 7.5g protein
(b) 13 to 24 months, 10g. protein (c) 25 to
36 months, 15.0g protein and (d) 36 to 60
months, 20g. protein. No significant di-
fference was observed in.the mean increas-
es in weight and height or in the nutrition-
al status between three groups at the end
of the experiment {Table 1X). In the second
experiment, the rate of growth and nutri-
tional status of two groups. of children
receiving a vegetarian diet and a mixed
diet containing skim milk powder were
compared over a period of 9 months. In
the first diet cereals contributed about 409,
and pulses about 60x of the proteins while
in the second diet cerealscontributed about
40% and skim milk powder about §0% of
the proteins. The mean daily protein
intake of the children of different age

groups on the two dicts was as follows:’

(a) 12-24 months, 20g (b) 25-36 months
29g (c) 37-48 months. 33g and (d) 49-60
months 38s. The quantity of legumes
contumed ranged from 54g for the age
group 12-24 months to i00g 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 the:r home
diet. (Table X)

14. Conclusion
The data presented in this review have
shown that legume proteins possess wide-

The nutritive volue of the preteins of legiminous seeds

ly varying nutritive value. : Even .though
the nutntwe value of the proteins of raw
legumes is adversely affected by the trypsin
and -growth inhibitoes. present in-them,
cooking inactivates te. a large extent the
inhibitors and thus brings about an impro~
vement in the nutritive value of proteins;!5
Some of the legumes such as chickpez 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 saurce of pratein in: the
diets of people in the tropical and sub-tro-
pical countries 5 Even though legumes
are being used widely in the diets of older
children and adults, they are not at. pre-
sent being used to-any significant extent
as a supplement to the diets of preschool
children.* From the experience gained
in feeding experiments using cereals and
legumes with preschool children Ganapathy
et al '* conciuded as follows: “In the ex-
periment where full feeding was done,
wastage of food served was relatively more
in the age group 1 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 legu-
mes could be used as effective supplements

to the diets of preschool children.!25+126140

Such foods contain also about twe te 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* of preschool children on diets f:'anmmlné vegeiable proteins and a mixture of

vegerable prateins amd milk proteins (exper!mmtm‘ period—9 mamhs)

i Increase in
p . : « ' Protein from pro- .. - T
Diet and proiein No. and age of H , Protein intake
7 - tein supplement | - W
supplement children * (g/day) (g/day) | &1 t ‘ l—{gﬁt}ll
. NS il #‘l
Basal diet + legumes 10 to 20 (g) 20 to 30 (g) 1.9D. 5.4
(12 to 60 months) depending on age depending on m I
Basal diet + skim milk S
powder (12 to 60 months) " . 1.79 6.4

T *Rel. 140, Gapapathy_es al., 1961,
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based on oilseed’ meals and legumes
would be ideally svited for supple-
menting the diets of weaned -infants.
Consumption of even one ounce of the
food will provide about 10g. of additional

protein to the ¢hild’s diet.

Further these

foods can be readily manufactured on a
large scale at low cost and uvsed to over-
come the high incidence of malnutrition
among preschool children in the develop-
ing countries. ‘.
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