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I. INTRODUCTION
 

In recent Years. uoridwide attention has focused on 

tropical legumes as a Possible inaJor scurce c- enrral and human 

food (hational Acad, 1979; '79; N: tiona- - Ccad.o4 Sct,, Kay. c 

Sci., i975). Tc pub]icat-,n "Tropical Legumes: Resou-ces for 

the Future" very ably del reated the potentials an! probens of
 

these -elatively unde-uti'ized Dlants,
 

Although the proten contents of lecume Seecs are usually
 

hign. -om 20 !c 40%',and higher for a few types, their nutritive
 

values are low due to the limiting sulfur amno acids, cystelne
 

and methionine, and the presence of arti-nutritional actors-­

trypsin inhib!ors, nemanclutir:ns, ilatulence factors, tannrrs 

and others. Cther tox(ins mav occur in the leaves, oncs, and 

steds o1 these lecumes !ike c>arocenc :,-icosices :Ccni. '??Q), 

saoonins k.pietaua e! a , ?7 ), a! 'I'Iods,nonorotein amino 

acics like mirnosire irnLeuuicaaaa I auaha. 'owever, 4hese 

toxins may rae oro tective role -n tne olant aainst oezts .nd 

diseases (Applebaum et Ri. 1970: lerdoza and Pao, '.9e2: Prased 

and Ldeigie, 1976; Nienstaect. 153). Man'y trooi:a lecumes 

descr;bec in the acre-mentioned booys ,ere observed/reocried to 

be relatively resistant tc Dests and diseases. The role oi the
 

toxins in tropical lequn:es resistance to cests and diseases is
 

not Yet well established.
 

In the early 1?80's, the V~getab!e C-ops Sectior of the
 

Institute of Paint Breeding began the collection anc stud), o4
 

indigenous tropicji vecetables inc udinq :egumes. Ir co:peraTion
 



with this group, we initiated the analysis of the leoumes (both
 

mature seeds and oreen pods) for proximate cnemicai composition
 

4
and so'me anti-nutrht;ena actorB dIPB 4nnua: Report 198:).
 

The =oraoe ano Pasture Section also started tne collection
 

34 indigenous fcrage leaumes. However, n biocnem'cai evaluation
 

1
of tnese foracs eoumes was done due to lack of inenc:a suc:ort,
c 

'his stdv tierefore ,,as undertayen, uncen the 'JAED Progrm 

4cr Science an. T eChr'o*, COz, to ta-i h therce-tior. es 

nutritionai qualit c the seeds, leaves an; oos ro d 

forage lecunes indIoercus ctn e Philip '!nes an,. ur!e et3k 

relevant biochemina studies. -he ;nod egu-es z e: pioeion pea 

Ua.Z12xns C±J2-' i ak bean (louia anailnmis 1jrd ne ar 

(fl2anauaha .iadana sar'-samping (LIitzIa ±.zenaa , atac 

(Diz:bn) Iablab.), sabawel (tUuzrna ncnnmnt j 

:ncndno f.si5), jima bean -'Ensnnuls In.a.ts) "nd rice bean 

(L=n2 vmnaZi ) The foraoe 'eoumes includet joint vetch 

(Aeschynomene Calopo or Pr'sol iIa Calopcoonium.), Centrcsema, 

Croto'aria, (esmocium, 2bascns nnoivs and Fuerar a, Tese 

iegumes and tneir sources are listed in Table I and the r 

ohotooraohs 	skcujn H Fio. 1.
 

This research aimed to accomplish its coals throuch the
 

iolikw'no studies: 

Study I. 	 Determination o4 oroi imete !-emic al :c7TDn)ton, amine 

acid cornostion. and 'e'ets o" tr.%vs-n inhibit:rF, 

remaggulnLnirs. flatulence -actors. or'tetes, and 

tannins in the seeds, leaves and poos o' different 

indigenous !eoumes at various stages o' growmth. 



,s cyanocenlc
Study 2. 	!nvestioati:r of tc;ic substances suc^ 


ciucosdes, alkaloids. saponins, 
 etc. ir &+ferent
 

parts and di ferent stages of Lrcw-JT, Sirre vays of
 

n 
 heat treatment (rcasT!ng,
Doss:Dte detoxficatio liKe 


bcilin). leacring, and ash/bicarbonate treatment Were
 

investigated. 

Study 3. Biochemical, pnysicochenical and rutriticnal 

characterization of the seed oroteins of these 

indigenous 	legumes.
 

aid cur Plant

The results of this research are e-oecied to 


oene*ic: rescurces -or
in expinozn the
breeding 	 orocram 


oualit ? 
imcroveet of jest- anc disease-reVssrce, nutrit:onal 


o4 cur trad',ton< ecoumes.
vielc and tcleran:e to stresses 


a macr cotentil source o;

leourmes also contribute 


tesc tuies are
 

These 


.ood and *ivelihood fon our pecp' e. Tnus. 


-or the ut! i ation o these
 
e':oected to prov ide a sounc basis 


relat-ve'v uninon and underutIized Iegume spec!es.
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Table 1. List of indhgenous legumes and their sources.
 

Name Sources
 

Pioeon nea
 
Ca.aaus ca.an.
 

9P-B
 

Jack Dear
 
(Caaaiia saasiiozais)
 

A-I Sua!, Pangasinan
 

A-3 £sOaga, !DaY 
A-5 Muianay, Quezcn
 
A-8
 
8-8 

Sword bean
 

(Canauaiia o!adiaa.
 
A-3 Daraga, Albay
 
A-4 Romblon
 

A-9 Mulnay, uuEzor
 
A-12 Tacloban, Leyte
 

Sam-sampino
 

7-2 9!,UPL
 

Bataa
 
(.DnL~cns ablab) 
A-37 Pagudpod, Ilocos Nort
 

0-45 Banaue. I4uoao
 
Lezo, Ak!an
 

14-52 Bavbav, (evte
 

SaDawe! 

A-2 Cagavan Yalley
 

A-5 Cacavar .31ley
 

A-& Caoayan t)al ev 

Lima bean
 

(2basniu"s una.s) 
A-513 Narra, Palawan
 

A-517
 

A-50S Tabuk, K. Aoayac
 

A-525 Buenavista, Guinaras
 

A-535 Panitan, Cahiz
 

A-537 Tinigao, Aian
 

A-541 Alcala, Romblon
 

A-544 Mabo, Masbate
 

(A-546
 



----------- - - -- -- -- -- -- - -- -- -- -- -- -- -- -- --

Name Sources
 

Rice team
 

28
 
46
 

26
 

Forage Legumes
 

Jont veich
 
SAescnynomene) 

[PB-1 So, Masaya, Los 2aros,
 
Lag.
 

Ca!ovo, Frisolfla
 
(CaIO~oonium)
 

8M-1 Bo. Mlasa',a, Los Bancs,
 
Lag.
 

JS-: Jamboree Site, Los ganos
 

Balacono aso
 
ICassla ncanaia~is)
 

8P-i So. Putho, Los 3ancs
 

Centrosema
 
9M4- 9o. iasay'a. Los ancs
 
901-T! B], T!aorn, Quez:n
 
J3-I Jamboree Site, Lo Banos
 

Laguna
 
Crotolar'a
 

2M-I 9o. iasa-/a, ;.os Earos,
 
Laguna
 

FC-! NS 3c. Pai:sa/CaDa,, Tiaono
 
0uezon
 

PC-! We So. Pa:isa/Cabay, Tiaong
 
Ouezon
 

Desmodium
 
DO-i Dolores, Quezon
 
Acc 92
 
Ace 195
 

Es-p.A~js 1.unatrs 
A-539 Panitan, Quezon
 
A-527 So. Putho, Los Baros. Laguna
 
A-54d ambonee S~te, Los Banos, Lag.
 

Puerari
 
DO-! Dolores, Qjezor
 
BP-! So. Putho. Los Banos,
 

JS-] Jarrbcree cire, Los Eanos
 
Lacuna
 



Fig. Is. jack bean (Canavalia oniformis) 



Fig. lb. Sword bean (Canavalia gladiata) 
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Fig. Ic. Sam-samping (Clitoria ternatea)
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Fig. Id. Batao (Dolichos lablab)
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Fig. le. Sabawel (Mucunajpririns or cocihinchinensis) 
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Fig. If. Ltna bean (Phnscolus lunatue)
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IWO 

Fig. Ig. Rice bean (Viina umbellata)
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Fig. lh. Joint vetch (Aeechynomene)
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Fig. li. Calopo, Frisolilla (Calopogonium)
 



1 2 3 4 5 6 7 8
 

Fig. Ij. Balatong Aso (Cassia occidentalis)
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Centrosema spp. 

Fig. 1k. Centrosemaa
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'Crotolaria s
 

Fig. 11. Crotolaria
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Fig. Im. De3modiwn
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Pueraria spl.
 

Fig ,In.
Pueraria
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II 

Proximate Chemical Composition of Several Phillipine
 

Indigenous Food Legumef
 

Evelyn Mae T. Mendoza, Felicito M. Rodriquez and 
Ma. Jame'a R. ReviV*eza 

Siochbemistry Laboratory, institute cf Plant Breeding
 
College of Agriculture, UPLE, Coi'ece, Laguna 4021
 
Philippines
 

Abstract
 

Protein (18 to 30% and *a!bohydrates (50 to 60%" are the 

major constituents of the mature seeds o; 23 samples comprising 

seven legume species. U _i=2 urn Ua had the lowest protein 

content of 17.42 to 17.56% while fa.amaia ni~nn, £n.amu a 

4!Ia±a, tlurv.a pmc.ens nr niz~ and £.Lti~:a 

1.n.tnnatea nad similar orotein contents of 29 to 30%. Fat content 

ranged fcr 1.2 to 3.7* Dolibos labiah, £hasp-oIls Lu aals and 

Caaau.a a gladiaia had the largest (5-6%) difference in protein 

and carbohydrate contents. 

The proi-nate crnnositions of the irwature ard mature leaves 

and oods were alsc ootained: Misture 70-90%), carbohydrates 

(15-18.) proteins (3-i0%), fibers (2%). fat 1,2-4.) ash (0.5-47). 
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Introduction
 

Legumes are major sources of 
proteins any nutrients for
 

neople of the ceveicping countries. 
 In the Philippines and other 

countries :n Ssuth East Asia. only. 4 lecumes, name'y, mu-gbean.
 

peanut, soybean and to a lesser extent, 
 co'pea, are considered
 

of economic sionificance. However, there are severalt more 'egurne
 

species wnich are up to now underutilized and could be ootential
 

food sources. As with the more popula- leoumes, the various parts
 

of the leoume olant can be utilized for food, such as the young
 

immnature *eaves and pcds, 
 as well as the mature seeds. The seeds 

can also be germinated to orepa-e sprouts fo, vegetable dishes. 

Urderstandably. the ut iI zat on of these i ecumes is limited by 

the lack of knowledge about them. 

This study deals wht!- the chemica- compcsitien of tne 

different edible parts of seven legume soecies, namely, batao 

or hyac~ntb bean .iDni:b.s ,lz.b.cb), cesalnuse - ain_),E .f 

ima bean (32.ban.cUs 1umnsu ja:k bean (znauaiaa enl .=-nLE). 

sworo bear, at.a). :!u-u:na nniin n ­(auali Ad saoawel 

ccf-L.c.binensis), sam-samoino (flli inmaiazaaLa) and rice bear
 

or tapIlan (Uiia u=r.elata).
 

Materials and Methods
 

Lagu.a samal s. 
 Seeds of the a-zorementioned seven
 

legume species were 
 octained from the National Plant Genetic
 

Resources Laboratoryo of the Institute o- Plant Breedino 
 (IPB)
 

and were crown in the IP excerimental field. Different 
 parts
 

22
 



of the plants were obtained and used in the study.
 

LIhgmr.L..1 analXs.L. Seeds, mature and immature leaves,
 

mature and Immature pods were dried in a 110 C draft oven
 

overnight and ground to pass through 60 mesh. Proximate analyses
 

were performed according to official AOAC procedures (1980).
 

Results and Discussion
 

The proximate chemical composition of different parts and
 

accessions of the seven indigenous legumes studied is given In
 

Table 1. It represents the most comprehensive study of such
 

found
kind. Compilation of data for some of these legumes can be 


in several publications (Duke, 1981, FNRI, 1980).
 

Maiune seds. Protein (18 to 30%) and carbohydrates (50 to
 

60%) are the major constituents of the matur. seeds of the 33
 

samples comprising seven legume species. 5+.umba.LA.ta had the
 

protein content of 17.42 to 17.56% while n.Un.m-Ls. L.lowest 


.Lar.lafa, 1. =j.rdens Dc c.=blnrh3.s.s and £.tzn.Lea had 

similar protein content of 28 to 30%. Fat content ranged from 1.2 

to 3.7/. These values are comparable to thcse for mung bean and 

cowpea and other *starchy" legume grains in contrast to the oil
 

type such as soybean, peanut and winged bean.
 

di

LIa:.ab, 2-.iu"na.lus, and £..a1 L had the largest (5-6%)
 

difference in protein and carbohydrate contents among the
 

accessions studied. The other constituents had small variations.
 

anm=i l..e The protein content of
 

seven species with
 

.1mmatir.e u au. 

immature leaves ranged from 3.4 - 6.5% for the 


highest levels,
lima bean and pigeon pea having the lowest and 
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respectively (Table 1). Pigeon pea immature leaves also had the
 

highest fat (4.221), fibers (2.44%) and carbohydrates (15.51%).
 

Fat content (1.98 - 2.15%) of the immature leaves was similar to
 

the seed content. Moisture ranged fros. 70 - 83%.
 

The mature leaves had 60 - 81% moisture, Protein and
 

carbohydrate fibers and ash contents were higher by I0% and 20%
 

respectively in the mature leaves than in immature.
 

wIa ,.c.ezand ma.tu.e ponLs. Moisture (79 to 90%) and
 

carbohydrates (9-18%) are the major constituents of pods.
 

Protein contents ranged from 1.81 - 3.89;/ with sword bear and
 

sabawel having the lowest and highest levels, respectively.
 

Fiber and ash contents ranged from 0.88 - 2.10%/, and 0.68-1.40.,
 

respectively.
 

Moisture decreased in the mature pods (69,13 - 83.507.) Table
 

5). In general, there was an increase In the other constituents
 

during maturation.
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Table 1. Proximate composition of different parts of several Philippine
 
Indigenous food legumes. 

----- ------ ----- --- - -------- --------------

Variety oisture 
%) 

Fats 
'Th) 

% Protein 
(X N x 6.25) 

Ash 
% 

Fibers 
*%) 

NFE 
(%W 

- -- ------------------------- ---- ------ -------- ----- -

Batao 

abhI b) 

A-37 
:mmaiure leaves 
mature leaves 
immature oods 
mature pods 
mature seeds 

8!.86 
64.76 
89,26 
83.50 
6.94 

3.65 
4.51 
0.85 
1.08 
!.89 

4.22 
8.36 
2.37 
2.19 

21.34 

1.26 
3.65 
0.62 
1,01 
4.24 

!.39 
3.24 
1.26 
1.96 
5.36 

7.52 
15.57 
5.58 
10.26 
60.23 

A-45 
immature leaves 
mature leaves 
immature pods 
mature pods 
mature seeds 

82.10 
65.37 
86.04 
80.10 
6.78 

2.!8 
4.62 
1.0D 
1.27 
1.70 

4.23 
B,42 
3.45 
2.69 

2!,46 

1.07 
3.87 
0.86 
1.11 
4.05 

1.27 
3.56 
1.46 
2.26 
4.80 

7.62 
14.16 
7.19 

12.57 
61.21 

A-51 
immature leaves 
mature 'eaves 
immature oods 
mature pods 
mature seeds 

80.78 
62.36 
97.65 
80.74 
7.56 

2.74 
3.88 
0.92 
2.53 
1.95 

4.26 
8.12 
3.11 
2,59 

18.52 

1.25 
3.25 
0.7E 
1,14 
4.!3 

1.40 
3.18 
1.41 
2.0-
5.05 

9.47 
19.21 
6.!3 
11.07 
62.79 

A-52 
immature leaves 
mature leaves 
immature cods 
mature voos 
mature seeds 

91,15 
60.24 
88.!8 
94.21 
7.40 

2.56 
4.66 
0.86 
1.15 
1.92 

4.40 
8.59 
2.67 
2.10 

21.12 

!.48 
3.82 
0,70 
1.02 
4.05 

118 
2.29 
1.,34 
1.62 
5,05 

9,23 
19.40 
6.55 
9.90 

60.40 

A-57 
immature leaves 
mature leaves 
immature oods 
mature pods 
mature seeds 

80.56 
57.84 
87.42 
80.97 
7.10 

2.18 
4.55 
0.98 
1.49 
2.06 

4,04 
9.92 
3.08 
2.55 

23.24 

1.86 
4.44 
0.8! 
1.25 
4.20 

1.55 
3.18 
1.30 
1.98 
5.50 

9.91 
20.07 
6.41 
11.76 
57.90 

Pigeon Pea 

CIP-B 
immature leaves 
mature leaves 

69.75 
67.37 

4.22 
4.89 

6.50 
6.75 

1.58 
2.71 

2.44 
3.71 

15.51 
14.57 
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Variety Moisture 
(;..I 

Fats 
X 

X Protein 
(% N x 6.25) 

Ash 
C/) 

Fibers 
C/ 

NFE 
.) 

Lima bean 

A-513 
immature leaves 92.23 2.4E 3.66 1.62 1.04 8.97 

mature leaves 79.86 3.22 3.15 1.68 1.44 10.65 

immature Dods 83.87 1.24 2.42 1.10 1.39 9.98 

mature pods 
mature seeds 

81.82 
9.29 

1.23 
1.57 

2.33 
2i.38 

1.3i 
4.49 

1.74 
3.70 

11.57 
59.57 

A-517 
immature leaves 83.36 2.55 3.74 1.44 0.98 7.99 

mature leaves 79.96 3.22 3.15 1.68 1.44 10.65 

irmature pods 
mature oods 

79.31 
80.97 

!.46 
1.12 

2.87 
2.25 

1.36 
1.20 

1.90 
1.70 

13.!0 
12.76 

mature seeds 9.26 1.44 20.24 4.56 3.62 60.72 

A-508 
rnature seeds 9.71 1.46 22.45 4.36 3.42 58.60 

A-525 
immature leaves 
mature leaves 
immature aods 
mature Dods 
mature seeds 

82.51 
80.10 
83.10 
80.95 
10.06 

2.12 
3.6? 
!.37 
1.29 
1.26 

3.43 
3.45 
2.15 
!.94 

21.39 

1.7i 
1.74 
1.40 
1.30 
4.78 

1.12 
1.86 
2.10 
1.83 
3.54 

9.1! 
9.!6 
9.88 
12.69 
58.97 

A-535 
immature leaves 
mature leaves 

84.39 
90.35 

2.97 
3.97 

3.38 
3.32 

1.62 
1.72 

!.16 
1.32 

5.99 
9.32 

immature Dods 
mature pods 
mature seeds 

90.2d 
9.47 

1.29 
1.32 

2.38 
20.35 

!.52 
4.73 

1.95 
3.47 

12.63 
60. 6 

A-537 
immature leaves 
matune leaves 
immature oods 
mature pods 
mature seeds 

84.21 
81.45 
83.85 
80.36 
.0.20 

2.70 
3.36 
1.18 
1.20 
1.25 

3.33 
4.02 
2.54 
2.28 

21.65 

1.42 
1.86 
1.25 
1.39 
4.54 

0.95 
1.22 
1.94 
1.91 
3.20 

7.39 
S.0O 
.22 

12.96 
56.16 

A-541 
imamture leaves 
mature leaves 
immature pods 
mature Pods 
mature seeds 

83.58 
80.24 
84.43 
75.97 
9,87 

2.86 
3.48 
1.07 
!.53 
!.37 

3.61 
3.74 
2.2 
2.97 

20.16 

1.53 
1.28 
1.09 
1.54 
4.81 

1.20 
1.61 
1.75 
2.19 
3.25 

7.22 
9.65 
9.46 
15.80 
60.54 
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Variety Moisture Fats % Protein Ash Fibers NFE 
M (:1 (Y%N x 6.25) (7.) (%.X"0 

A-544 
immature leaves 84.!! 2.80 4.15 1.44 1.11 6.34 
mature leaves 80.07 2.78 3.20 1.85 i.09 11.01 
immnature pods 84.43 1.07 2.20 1.09 1.75 9.46 
mature 75.55 1.56 2.84 1.63 2.26 16.16 
mature seeas 9.54 !.19 26.12 4.61 3.45 55.10 

A-546 
immature leaves 92.47 2.39 3.82 1.32 1.07 8.93 
mature leaves ?9.8? 3.61 3.55 1.71 1.20 10.06 
immature Dods 87.77 1.36 2.31 1.31 1.65 5.60 
mature pods 79.97 !.39 2.46 1.32 1.82 3.4 
mature seeds I0..1 1.19 21.14 4.37 3.29 59.e7 

Jackbean 
(Car.- ia~ia. 

A-3 

immature leaves 76.95 2.91 5.60 2.65 -.55 10.44 
mature leaves 
immature Dods 

76.75 
74.56 

3.12 
1.57 

5.74 
3,14 

2.75 
1.15 

1.65 
1.57 

9,99 
19.0 

mature Dods 7!.E7 .9?7 2.'7 1.79 3.24 1S.I 
mature seeds e.20 2.46 28.I0 4.24 5.!5 51.73 

mature seeds 8.40 1.23 27.82 3.95 5.50 51.37 

A-5 
inmiature leaves 77.95 2.47 5.26 2.42 1.94 9.96 
mature leaves 75.45 3.02 6.19 2.E5 1.95 10.54 
imnature Dods 79.62 1.84 3.45 1.27 1.62 13.10 
mature nods 70.66 1.65 3.15 1.86 3.06 19.62 
mature seeas 7.1 2.58 28.17 4.10 4.30 53.07 

A-9 
immature leave. 79.83 2.39 5.73 2.36 1.35 8.84 
mature leaves 77.80 2.75 5.77 2.32 1.58 9.77 
:mmature odds 79.12 1.92 3.26 1.29 1.74 12.67 
mature Dads 74.12 1.84 3.42 1.94 2.98 !5.88 
mature seeds 7.97 2.60 30.75 4.07 .40 50.56 

9-8 
mature seeds 8.56 2.35 29.41 4.59 5.30 49.49 
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Variety Moisture Fats X Protein Ash Fibers NFE 
M'.) M (% N x 6.25) (%/) '.7) (.) 

---- --------------------- -----------------------------

Sabawel 
(M-U-.n.Da D.C..dams) 
A-2 

mirmature leaves 
mature )eaves 
immature Dods 
mature Lods 
mature seeds 

78.82 
62.05 
78.46 
72.44 
7.76 

2.5 
4.-1 
!.i6 
1.87 
2.66 

5.70 
8.6 
3.9 
5.21 

29.36 

1.60 
-.53 
1.21 
!178 
4.00 

1.79 
3.8 
!.47 
3.18 
4.40 

9.59 
17.12 
13.32 
15.52 
51.81 

A-5 
immature leaves 
mature leaves 
immature Dods 
mature Dods 
mature seeds 

78.32 
65,85 
76.5i 

70.76 
7.40 

3,64 
4.75 
!.84 
2.06 
2.67 

5.99 
9.21 
3.81 
4,3B 

29.42 

1.8, 
3,28 
1.08 
i.86 
4.10 

1-40 
2.90 
1.52 
3.52 
3.15 

e.41 
14.0, 
15.16 
17.42 
53.45 

A-8 
immature leaves 
mature leaves 
immature Does 
mature Dods 
matures seeds 

78.94 
67.36 
78.94 
73.8. 
7.15 

3.52 
3.90 
i.89 
1.98 
2,48 

5.29 
8.14 
3.66 
4.1? 

28.22 

1.27 
3.71 
1.16 
1.75 
4.1! 

1.52 
2.28 
1.65 
3.11 
4.00 

9.46 
14.61 
12.70 
15.22 
5.78 

Sam-samping 

I.iaaia. 

7-2 
mmature leaves 

mature feaves 
immature coos 

80.09 
72.73 

1,98 
2.48 

6.11 
7,.76 

1.50 
I.7 

1.08 
1.56 

9.24 
13,60 

mature Dods 
mature seeds 

Sword bean 

qladia6a) 
A-3 

mnmature leaves 
mature !eaves 
'mmature oods 
n.ture nods 
matuwi, seeds 

79.67 
76.58 
83,89 
69.13 
8.10 

2.49 
2.56 
1.26 
2.56 
2.20 

5.61 
5.40 
1,6 
3,67 

26.32 

1.94 
3.02 
.,04 
*.'1 

4,16 

1.52 
1.80 
0,86 
3.60 
5,42 

8.77 
1C.64 
11.29 
19.30 
53.63 

A-4 
ir-iature leaves 
mature leaves 
immature Dods 
mature Dods 
mature seeds 

80.80 
77.83 
84.83 
6.61 
8.46 

2.37 
2,73 
1.07 
2.74 
2.37 

5.63 
5.85 
1.81 
4.06 

22.59 

..89 
2.94 
0.95 
1.2 
4.47 

1,21 
1.72 
0.94 
3.37 
5.50 

0,77 
8.34 

10.49 
18.40 
56.32 



Variety Moisture Fats X Protein Ash Fibers NFE 
(%) (X N x 6.25) (') C%) 

--------------------------------------------------­

A-9 

immature leaves 
mature leaves 
immature nods 
mature oods 
mature seeds 

79.02 
77.94 
94.37 
70.35 
S.20 

2.73 
2.87 
1.15 
2.08 
2.32 

4.74 
5.29 
1.74 
3.,2 

26.38 

2.!1 
2.4c 
0.92 
1.64 
4.2A 

1.24 
'.48 
0,98 
3,39 
6.85 

10.!6 
9.96 

10,24 
19.42 
5!189 

A-12 

immature leaves 
mature leaves 
immature oods 
mature Dods 
mature seeds 

18.65 
76.67 
84.64 
71,82 
9.76 

2.66 
2.63 
1.07 
2.4' 
2,42 

5,77 
5.61 
1.84 
3,31 

29.05 

2.63 
2.7 
0.94 
'.64 
4.70 

1.? 
1I,5 
0.88 
7.92 
6.35 

9.02 
'0,70 
A.63 
17.11 
49,62 

Rice bean 

umhalllia) 
Tapilan 28 

:nnature leaves 
mature leaves 

immature oods 
mature Dods 
mature seeds 

74.65 
74.12 

9.04 

2.78 
2.46 

3.37 

4.51 
4.71 

17.89 

1.75 
2.35 

4.7P 

1.43 
1.84 

6,22 

14.29 
14.46 

58.70 

46 

immature leaves 
mature ;eaves 

!irmature cods 
mature pods 
mature seeds 

74,92 
75.66 

9.31 

2.61 
2.79 

3,6 

4.73 
4.35 

17.56 

1.44 
2,63 

4.31 

1.52 
1.57 

5,87 

14.7E 
13.01 

59.29 

26 
mazure seeds 2.94 3.54 17.42 4,55 6.90 58.65 

NFE. nitrccen-free extract 
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ABSTRACT
 

This study demonstrates variability in amino acid
 

composition among accessions of several Philippine indigenous
 

legumes. Moreover, two accessions of D lablab were identified
 

to have unusually high level of methionine (> 2/) and could oe
 

possible sources of methionine rich protens.
 

The IVPDs of the legumes under study ranged from > 70 to
 

79%. Raw mature seeds had relatively low RN s of 11-68% which
 

increased to 68 to 94X and 51 to 89'. after boiling and roasting,
 

resoectively, suggesting the presence of heat labile toxic
 

constituents in the raw seeds and their removal/inactivation upon
 

cooking.
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INTRODUCTION
 

The nu" riticna! cual tv of a prctein depencs primarily or 

ts capacity to satisfy the -eou~remen~s tor nitrogen and
 

essent!a! amino acids both -or maintenance of health anc -or net 

protein synthesls oi a growing body. Several revie'is and books 

on the nutrikicnal evaluation c- protetn are ajsilab'e *Pellet 

and ounc, 1980; Cecea! Chem. 1977*). qnaiysis -1 nutritiona­

qual ity usual'y consists of: determinazicn cf prctein and a.ino 

acid composition anc anma krat) assays to determine protein 

effienc' rat o (PER), bologi:al value ,8V), nitrooen orotein 

uiilzation and true digestibility. Hojever, because of the 

expense and long ericd of time for such animal assays, other 

less expensive ano more rao; methods have Leer. devel'oped fo7 

such purpose. Two ot these re usec ;n this study, rame1Y, 

relative nutr,t~ve va'*ue (Pl and in vitro protein 

H gestibi it;', ,QPD", 

-!om the amino asid comoos~tion, ti? chemical score cf the 

protein !s obtaineO. t ne chemical score o" amino a:, score is 

defined as the mo of essentif ' r? ac d per gram of test 

protein civiceo by mo of essential amino acid or c-em o 

reference prcteir Wm!I on egg) as set b.' FAOi4Hi 1'1973). The 

amino acid that shcs the lotest score is termed "1imit,no amino
 

acid' and the ratio ootained is the score.
 

Because of the iimiteo amounts oi samwles available, tne
 

microbiological assay using raia:mPaa pzLnEor_. s was utilized
 

in evaluating further the nutritional qualit:' of the indigenous
 

legumes instead of tne rat assay. A correiation of 0.9414 for
 

relative nutr!tive value 'RNY) and p-ctein efficiency ratio
 

J2
 



(PER) has been obtained for eight 
 foods (Landers, 1975). 
 In
 
contrast 
to cnenical 
score, the biological tests such 
as the . ,V
 

are able 
to detect the presence of 
toxic factors in 
a test food.
 

Plant proteins are lower 
in true p~otein cioestibility (81­

96X) than 
 animal proteins such 
as 
egg or milk no~eins (PAG.
 

1975). Rat assa)ys are 
 usually util:zed t oetermine true
 

digestibiVity. 
 However, Pfcoeolytic enz/mes naue been 
used to
 
assay -n 
u!-to protein digestibility IVPD) (Hsu et 
 al, .977;
 

Saterlee et 
al, 1979.
 

It is therefore essential 
to subject the indigenous legumes
 
under study 
 to various ana*yses to determine 
their nutritional
 

quality. For 
 this study, the following were used: amino acid
 
composition, relative 
nutritive values and 
 in vitro protein
 

digestibility, 
 The :ndigenous legumes studied were 
as follows:
 

sam-samping (CI.nn-LoL 
a ), batao or hyacinth bean (D1iz
 

Iab.lab), sabaw;el 
 u.MvcJ,,a 
 p .ens n: £nacnnznniS 
, lima bean
 

(Eka_.qo i±au.s),
Pp a..ts sword bean al.La .ia.Lata), rice bean
 

(Ud'aa .umben1z.a). jack bean (f ua..- ej3sif=.o,), 

MATERIALS AND METHODS
 

Materials
 

Seeds cf the above-mentioned legumes were 
obtained from the
 
Nat:onal 
 Plant Genetic Researcn Laooratory of the lpstitute of
 

Plant Breeding. 
They were plantea tz 
obtain fresh seed materials
 

for analysis.
 

All chemicals 
 used were of analytical 
 grade. eizahaa
 

,=m.s W ATCC 10542 was obtained from 
the National Institutes
 

of Biotecnnology and Applied Microbiology ,:BIOTECH, of UPLS.
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i~ino Acid Analysis
 

Defatted, ground samples containing 5 mg protein were
 

heated in 6 N HCI under vacuum for 24 h at 110 C. After sample
 

clean up, the acid hydrolysates were dried under vacuum and
 

redissolved in citrate buffer pH 3.2. The amino acid aralysis
 

was done using a Waters HPLC system with a cation exchange resin
 

AAA HPLC column P/N 80302), a post column reaction unit using
 

orthoaldehyde and hypcchicrite as derivatizirg reagents and a
 

fluorescence detector (Mil1i cre-Waters Assoc, 1983..
 

For determination of cysteine anc methionine, samples were
 

subjected to Performic acid oxidation.
 

Determination of PJV
 

The PINV ssay o-ocedure of Stott et al (1963) with minor
 

modifications was used.
 

Seed samples (40 mesh) containing 15 mg N were hydrated with
 

water to give a concentration of 3 mg N / 4 mL of test material
 

suspension. The pH was adjusted to 8.2 and 4 mL of said
 

suspension was olaced in a series of 2C x 160 mm screw capped
 

tubes. Two mL of solut~ons o minerals and nucleic acids prepared
 

according to Stott ?t ai were added to the test material
 

suspension. The resulting mixtures ,ere sterilized at 12* C for
 

10 mir.
 

Vitamin solutions 2tott et al, 1963) previously diluted ten
 

times and 15% (w,'v) glucose solution were autocleved separately
 

at 121 C for 10 min. One mL of vitamin solution anc one ,nL of
 

glucose solution were added to each test material. The tubes
 

were then inoculated with 3-day old broth culture of T.
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pxsiiocmis W, and incuoated at 25 C in an inclined position and
 

with screw caps left loose for aeration.
 

After 4 days of incubation, each culture tube was snaken for
 

about 30 sec and I mL cf the culture transferred to a 15 x 150 mm
 

screw capped tubes containing I mL of 3W% formaloehyde preserving
 

fluid, Iairaaaaa cells were then counted in a double cell
 

Lmia haeracytometer. The organism in e alternate squares were 

counted and the mean numbe oer mL square multipliecd by two
 

gave the final population of the test cuitures in u7,s of 104
 

organisms per mL. Pt'.was calculated usina the fornula of Holmes
 

and Rolle (1970) as follows: 

YRW = £1og (count for test protein) -log (count for ;noculum:C X !00 

log (count -or casein) - log (count for inoculum) 

Determination of IVPD
 

The IVPD of the samples was determined using the multienzyne
 

technique of Hsu et al (1977). Grouno samples were hydrated with
 

enough distilled water to give a 6.25 mg N/mL mixture for at
 

least one hr at 4 C. The UIPO was calculated according to the
 

regression equation Y = 210.464 -18.13 X where Y = in vitro
 

digestioility -- X the sample suspension after 10
%.)and = oH of 


mir digestion with the mulienzyme solution.
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Preparation of Samples for If
 

1) Baili-g. Samples (10 g: 200 mL) were boiled until
 

cooked.
 

2) Roastgia. Samples were roasted until cooked.
 

Nitrogen Determination
 

Ni:rogen content was analyzed according to the standard AOAC
 

method (1980) ano converted to protein by multiplying % N by the
 

-actor 6.25.
 

RESULTS AND DISCUSSION
 

Aino Acid Composition
 

Table 'a summarizes the amino acid Dattern oi the legumes
 

studied. Notably, batao A-45 and A-52 had very high methionine
 

content (2.0 and 5.8%, respectively). Such high levels of
 

methionine content for Dnlicb.s lab, nave oeen reported before
 

by our laboratory 'n (Laurena and Mendoza, 1986), (A study
 

on the methionine-rich proteins in a. lalbah is now underway in
 

this laboratory in cooperation with Dr. B.0. de Lumen of
 

University of California Berkeley). !n general, performic acid
 

oxidation of samples cave higher cys and met values fo7 the
 

samples since ordinary acid hydrolysis results in the destruction
 

of said aminc acids. Sabawei A-5 had hgher -2.8%)met in the
 

acid hydrolysaie run; this is being re-analyzed,
 

As expecteo, mcst of the legumes had met as first limiting
 

amino acid (Table Ib) with leu, lys, thr or tyr as the second
 

limitng amino acid.
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Results in Table la show the variability in ar,no acid
 

content of various accessions of eacn o4 the legumes studied.
 

Some of these obserwtl:cns cn the essential amino ac:c are at
 

foflctis: For 2- -ab.ab, met I.J- t. 0.05-0.21; thr, 3.!­'rp, 

5.2; phe, 3. -7.2"; !>'s, 3.1--11 .4X ' , 4.1-7.8; leu 3.9-4.0­

ile, 4.2-6.6; ty-. 4.2-6 . Fs- C- en- .f_j=i : rmet, . -.. 6; trp, 

0.09-0.12; thr, 3.4-4.5; phe. 3.6-5.4: 1)'s, 1.8-5.3; val, '1.3­

5.8; ;leu, 3.1-4.0: ile, 3.6-4.9; tyr, 2.1-4.1. For C- g .ad.aia: 

trp, 0.06-0.09; thr, 3.0-5.3; phe, 1.5-3.7; lys, 7.0-8.5; val, 

3.7-6.6; leu, 2.6-5.2; ile, 2.9-6.2 ana try, !.5-2.3. For 2 

IinalLs: met, 0.6-1 .3; trp, 0.10-0.18, ".nr 2.6-5.8; phe, 3.4-7.3; 

!ys, 6.6.-9.e; val 2.7-o.6; leu, 2.7-5.0; ile, 3.5-6.6; tyr, 1.8­

4.1. For t r..ii.:u met, 1.0-1.4; trp, 0.05-0,07; thr 2.4-3.9; 

phe, 2.7-5.9; b's, 2.4-5.2; va!, 3.4-5.6; leu, 2.6-3.7; ile, 

3.4-5.8 and tyr, 3.8-5.3. 

In vitro Protein Digestibility
 

The 1VPD o-: 'he raw m',iure seeds of 7 dif4erent *eumes 

studed .arged 4rorn 70 to 78% .7*able 2; for D- latlan A-51 and A­

57, respectively. All three access:ons Tf lima bean had lo,- 1'JPD 

(70-71'.) while jac, bean IYPD had a wider rarge o- 72-76". These 

results for raw seeds are similar to these reported for other 

legumes such as mun.g bean (Barroga et al, '.965), cc'wpea (Laurena
 

et al, 1994), norse gram and moth bean (Satwadhar et al. "9e1). 

Cookinc such as boiling vias shown to increase the IVPD of these 

legumes suggesting .hp presence oi heat-stable factors such as 

trypsin inhibitors wh-ch lower IVPD. Addition of 

po.yviny'lpyrolidone (71P) to munobean and cc W.a a:so increases 
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IVPD by 6-8,) (Barroga et al, 1985: Laurena et al !?84); this
 

increase was described to the binding PVP with condensed tannins.
 

Relative Nutritive Value (r.M)
 

The RN) of the raw mature seeds o the seven indigenous 

legumes ranged from !I to 66% (Table 3). Boiling and roasting to 

cooked condition resulted in large increase in PNV, 68-94% and 

51-89,', respectively. Raw -nature seeds zi{ D. b ,lalbhad 

relatively hgher leoels of RNW (33 to 66%? compared to otners. 

C- giadia±a A-12 had the lowest value of 11.3V. These low levels 

suggest the presence of toxic constituents in the raw.seed which 

are inactivated by heat treatment. 9siling ,;'et treatment' was 

more effective than roasting (dry, treatment). Th heat labile 

toxic constituents could be prote~ns sucn as lecins ano trypsin 

inhibitors. Cur seoarate studies on lec*ins stowed that bclinq 

and roasting decreased lectir's nemaociu4tnarting activity
 

(Sembrano and Mendoza, 19BEa). Boil ng could also remove
 

saponins present in seeds of jacl( bean and sword bean (Semb-ano
 

and Mendoza, !98eb). Removal or inactivation of these substances
 

could result in an increase in nutritional quality as measured
 

by RNV. For jack bean, ts major le:tin :cncanavalir could
 

account for the lw RNV of the raw seeds. 
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D; nature seeds of several Phil!Dpine indigenous food legues.
Table la. ino aric c tosizn 


!, prctein c.te: 
N x 6.2! Eys* Met* 

PninoAcd ( X Pino acid org a ino acid/lOD g samnle) 
Trp** Met Thr he Lys Val Leu lie Tyr Ely Ala Pre His Aro Asu 61u Ser 

:ack~ein A-1 

A-5 
-6 

A-! 
a-E 

27.22 
2,1.1 
24..7 
29.92 

30.75 
2?,.1 

1.3 1.2 
i.-431.4 

'.7 1.6 
!.1 1.6 

9 i.3 

M.a8 
0.99 

0.:0 
0.09 

0.12 
0.09 

1.? 
1.0 

1.1 
0.9 

0.9 
0.5 

4.5 
3.7 

4.3 
3.4 

3.5 
4.3 

4.7 
4.8 

4.7 
3.M 

4.8 
5.4 

5.3 
5.4 

2.7 
2.5 

2.2 
1.8 

5.8 
4.3 
5.2 
4.1 

5.3 
4.9 

4.0 
.12.: 

3.4 
2.6 

3.1 
3.3 

4.8 
M3.9 

4. 
3.6 

4.9 
4.4 

2.2 
343.4 

2.3 
2.2 

4, 
2.1 

4. 
414.1 

4.6 
2.5 
5.0 
4.2 

6.0 
4.5 
4.9 
3.8 
3.5 
4.7 

3.9 

2.3 
3.3 
2.3 
1.7 

2.9 
3.3. 
2.9 
2.4 
2.2 
3.9 

4.7 
4.0 

4.9 
2.6 
7.5 
5.5 

12.6 
IM.. 

1C.4 
7.5 

!!.? 
11.3 

12.8 
10.5 

M.2 
S.3 
2.2 
ID.? 

6.2 
. 

4.4 
3.6 
3.5 
4.7 

D:rean A-A 
P-9 
A-!2 

22.58 
2i.36 
29.5 

0.09 
0.06 
0.07 

0.7 
0.7 
0.4 

5.3 
3.3 
3.3 

1.5 
3.4 
3.7 

8.5 
7.4 
7.0 

6.6 
3.7 
4.8 

5.2 
3.5 
2.6 

6.2 
3.4 
2.9 

1.6 
2.3 
1.5 

5.1 
2.9 
3.6 

6.5 
3.4 
4.8 

2.2 
1.5 
2.4 

2.4 
1.6 
8.8 

7.0 
5.8 
!.9 

17.4 
8.4 

10.8 

16.9 
9.2 

12.2 

7.2 
4.U 
4.2 

3atai A-45 
A-51 
-2 

4-57 

27.13 
1?.!2 
21.'2 
23.24 

1.5 

2.3 
1.3 

2.0 

5.8 
1.5 

0.C5 
0.11 
E.!! 
0.21 

2.5 
2.2 
0.6 
0.4 

3.! 
5.2 
4.0 
3.7 

3.6 
7.2 
5.8 
5.3 

11.4 
4.6 
5.1 
3.1 

4.1 
7.8 
4.9 
6.0 

5.0 
4.9 
3.9 
4.0 

4.2 
6.6 
4.5 
5.3 

3.7 
4.1 
4.3 
2.8 

4.2 
6.6 
4.3 
5.0 

4.4 
7.2 
5.1 
5.2 

5.2 
4.4 
3.4 
1.9 

3.! 
3.5 
2.3 
3.3 

7.1 
6.7 
4.3 
5.8 

8.5 
14. 
14.4 
11.6 

11.2 
23.5 
18.3 
17,. 

4.7 
6.5 
6.5 
4.6 

Satatce' A-2 
A-5 
A-9 

29.36 
2,42 
2".:2 

1,O 
2.1 

1.0 
1.4 

5.18 
0.05 
0.07 

-

2.8 
0.9 

2.9 
2.4 
3.9 

4.0 
2.7 
5 

5.2 
4.6 
2.4 

3.4 
4.0 
5.6 

2.6 
2.9 
3.7 

3.4 
4.0 
5.8 

3.8 
5.3 
4.9 

3.3 
3.9 
5.7 

2.6 
2.7 
4.1 

4.3 
1 

1.7 

3.5 
6.8 
4.3 

3.3 
9.5 
8.9 

9.7 
7.2 

16.2 

6.0 
7.4 
1.2 

3.5 
2.8 
3.5 

Lima 4-533 
A-537 

-N 

2C.35 
27,5 

26.!2 

i.6 
1.1 
.8 

1.3 
0.6 

0.? 

0.10 
0.13 

0.18 

0.6 
0.6 

0.8 

3.9 
2.6 

5.8 

4.9 
3.4 

7.3 

S.6 
9.9 

7.0 

46 
3.7 
6.6 

4.! 
2.7 
5.0 

4.5 
3.5 
6.6 

2.7 
1.8 
4.1 

3.2 
2.5 
5.3 

4.0 
2.8 
6.4 

2.4 
1.8 
2.2 

1.3 
1.2 
4.2 

4.5 
4.9 
7.5 

12.0 
7.2 

20.4 

11.7 
7.5 

18.3 

6.2 
3.3 
8.9 

3;ce nv.n 26 

26 

46 

C.6 

5.7 

2.6 

1.0 

1.2 

M.6 

1.43 

1.20 

0.96 

3.82 

3.64 

3.48 

5.94 

5.97 

-5.43 

7.48 

7.17 

7.46 

5.08 

4.54 

4.75 

8.29 

8.28 

7.88 

4.4 

3.85 

4.19 

3.1 

3.32 

3.! 

4.30 

4.18 

3.93 

4.68 

4.70 

4.40 

3.79 

4.16 

3.75 

3.22 

3.19 

3.18 

6.45 

6.35 

6.02 

12.11 

1.96 

tl.3c 

M7.16 

:8.25 

17.15 

5.9 

5.86 

4.79 



score of seueral Philippine indigenous legumes.
Tan!e lb. Chemical 


Limiting

C% AA or g A4/100 c sampie)
amino acids
Essential 


Leu Val Pilno Acic
Met Th Phe & Tyr Ile Lys Second
Sa e •First 


acibean A-! 
A-2 

A-6 

S dnean A 

A 

>54 
>29 
> 1,d 

>26 
>26 
>14 

->20 

>!1 

112 
92 

107 

85 
87 
107 

132 
82 

77 

115 
127 
117 

97 
148 
125 

52 
95 

87 

120 
97 

115 

90 
122 
110 

155 
85 

96 
98 
49 

45 
40 
33 

154 
134 

127 

57 
44 
48 

37 
44 
47 

74 
50 

37 

116 
86 

104 

82 
106 
99 

i32 
74 

98 

met 
met 
met 

met 
met 
met 

net 

me4 

meu 

leu 
leu 
'eu 

eu­
lys 

e 

ieu 

Eaao 

A-52 
A-5? 

)4.6 
>62.8 
>17.4 
>!.43 

95 
130 
100 
92 

115 
188 
68 
135 

75 
115 
112 
132 

122 
84 
93 
56 

46 
70 

56 
57 

78 
15-

98 
120 

leu 
met 

met 
met 

met 
leu 

Ieu 
:YS 

Sab_.. -2 
A-2 
v-8 

-! 

80.0 
23 

70 
60 
97 

130 
133 
165 

95 
100 
145 

94 
84 
44 

37 
56 
53 

68 
so 
112 

met 
leu 
met 

leu 
thr 
lys 

Lima A-535 
e-53 

. _~ $ 

>!7
>17 
>23 

97
65 

145 

127
87 
190 

1 

112
87 

165 

10 

178 
!27 

58 

38 
71 

92 

74 
132 

met 

met met 
met 

leu 

euleu 
leu 

91 met
130 118
155 96
43 96
28 

136 113 95 met thr
 

104
142
97
38
46 




Table 2. In vitro protein digestibility (IVPD) of raw mature
 
seeds of several Philippine indigenous legumes.
 

Sample 


£.anat ai i~a Jnm
 

Jack bean 	 A-I 

A-3 

A-5 

A-6 

A-S 

9-9 


Ca,n a i.,al a _qg..zdiz.a 

Swcrd bean 	A-4 

A-12 


Sam-samr ino 7-2 


nlirh lablab 

Satao 	 A-45 

A-54 

A-52 

A-57 


tiucima pirur-as.
 

Sabawel 	 A-2 


Lima bean 	 A-535 

A-537

A-544 


Uiga umnallaia 

Rice bean 


IVPD
 

75.44
 
75.60
 
74.61 
75.36 
76,61
 
72,23
 

74.02
 
7262
 

76.19
 

73.71
 
70.18
 
7!.19 
78,57
 

72.19
 

71.00 
70.31 
71.45 

73,48
 
74.30 
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Table 3. Relative nutritive values (RNW) of raw, boiled and
 

roasted mature seeds of several Philippines indigenous legumes.
 

Sample Relative nutritive value (W) 

Raw Boiled Roasted 

fl.an'aa.I.a 
A.nsJQ .= s 

Jackbean A-1 47.39 +L6.40 85.31 4 5.08 60.46 ± 5.17 
A-3 25.31 + 4.05 75.74 5.64 76.22 6.30 
A-5 17.26 ± 0.00 83.32 ± 2.39 61.36 6.4E 
A-6 40.23 + 4.85 22.16 + 4.38 74.10 + 5.97 

A-8 28.00 + 3.02 78.40 + 3.74 71.07 ± 5.48 
8-8 18.54 2.22 59.!9 J0550.56 1 0 

gla.aa.j 
gladiaia. 

Sw.ord bean A-4 23.19 + 4.66 ?3.99 + 4.85 6.91 ± 1.73 
A-9 16.09 ± 2.02 96.38 ± 5.-2 58.17 ± 3.13 
A-'2 11.29 ± 2.19 86.69 + 3.44 93.18 + 0 

f.l. tnr_a 
Irn~i±a 

Sam-samping 7-2 54.09 90.86 + 3.52 88.49 + 4.60 

flnJ.L.b..s 
_a.La.b 

Batao A-45 65.97 ± 3.69 04.20 ± 3.40 82.!3 + 4.30 
A-51 32.49 + 3.52 92.3 + 3.79 76.46 + 1.63 
A-52 42.39 + 3.34 84.39 + 3.70 84.93 + 1.51 
A-57 48.59 3.1! 87.76 + 2.99 79.19 1 4.24 

t~ucu.a px~urians 
Sabawel A-2 38.01 ± 1.58 81.87 ± 5.50 81.55 + 9.30 

A-5 34..6 1 5.93 87.45 t 0.45 61.59 ± 3.45 
A-8 48.39 + 5.7 67.8 + 6.45 64.45 + 5.60 

Lba.aAMus 

Lima bean A-535 28.99 ± 3.23 67.75 - 5,72 51.77 2.78 

A-537 39.76 + 1.42 79.97 + 5.35 62,55 + 2.30 

A-542 51.23 + 5.40 83.01 + 4.25 77.17 T 6.12 

U-in iwbenllaLa 
Rice bean 28 22.62 + 2.64 79.42 41.97 60.40 + 6.72 

46 42.42 ± 6.11 67.68 + 5.90 55.57 + 5.35 
-
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IV
 

POLYPHENOLS, PHYTATE, CYANOSBEAIC GLYCOSIDES A>,D TRYPSIN
 
INHIBITOR ACTIVITY OF SEVERAL PHILIPPINE !NDICENOUS FOOD LEGUMES
 

Antonio C. Laurena, Ma, Jamela R. Revilieza and
 
Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant 3reeding,
 
Coilege of Agriculure, University of the Philippines
 
Los Banos, College, Laguna, Philippines 4031. Please
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ABSTRACT
 

Low levels of polyphenols with +lavanol qrojps and those
 

capable of precipitating proteins were observed in raw mature
 

seeds of six legumes analyzed.
 

Seeds of batao or hyacinth bian, jack bean and lima bean had
 

relatively h'gh levels of phytate phosphorus rangng frerri 6 to
 

11.6 mg phytate P/g samp!e. Lower values (<5) were obta~ned far
 

sabawel and sword bean as .ell as socme varieties of munqbean used
 

as control.
 

None of tne indigenous leguines had potentially toxic levels
 

of cyanide (<50 ppm) n the seecs, immatu-e and mature leaves and
 

immature pods. The lima bean samples had low HCN potential (0-10
 

ppm).
 

Among the legumes investigated, batao had the highest
 

trypsin inhibitor activity (TIA) ranging 1rom 14.25 to 27,05
 

units/mg sample for 4 accessions. Accessions 6-' of sabawel had
 

19.9 units/mg sword oean and jack bean had low levels of 1.20 to
 

4.95 units/mg except for one jacX bean accecsion (A-1) which had
 

1.45 units/mo. Rice bean also had low levels of TIA, 5-7
 

units/mg.
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IN'RODUCTI ON 

In addition to the low levels of sulfur-containing amino
 

acids in legume seeds, the presence of anti-physiolIgical and
 

toxic factors results in the decrease in their overall
 

nutritional quality. These anti-nutritional factors include
 

polyphenols, trypsin inhibitors, phytate, cyanogenic giucosides,
 

saponins, lectins and alkaloids.
 

Polyphenols (or tannins) are able to bind with proteins,
 

thus, lowering their protein digestibility. This effect has been
 

reported for cowpea (Laurena et al, 1984a), winged bean (de Lumen
 

and Salamat, 1990), mungbean (Sarroga et al, 1995). Trypsin
 

inhibitors belong to the group of proteinase inhibitors which are
 

polypeptides or proteins that inhibit proteolytic enzyme
 

activity, more specifically the digestive enzyme trypsin.
 

Tannins also have weak interactions with trypsin and thus also
 

inhibit the latter's activity. Kakade et a! (1973) reported that
 

approximately 40. of the growth depressing effect of unheated
 

soybeans fed to rats can be accounted for by trypsin inhibitors.
 

Trypsin inhibitors were also observed to cause hypertrophy In
 

rats and chicks (Rackis, 1965).
 

Phytic acid or myoinositol hexaphosphate is a common
 

constituent of plant tissue which has been held responsible for
 

the interference of plant materials in the availability of
 

dietary minerals. The .ormation of insoluble phytate-metal
 

complexes may prevent the absorption of minerals by the body.
 

Phytale-protein complexes also result in reduced solubility of
 

proteins which can affect the functional properties of proteins,
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Cyanogenic. glycosides are plant toxins which upon hydrolysis
 

liberate hydrogen cyanide. Some examples of plants which contain
 

cyanogenic glycosides are almonds (.umas Anmygdall-s), cassava
 

(lanih.:b.atsP.lp1a Crantz) and sorghum (Snn.uim i.an); they
 

contain amygdalin, linamarin and dhurrin, respectively. The toxic
 

effects of the free cyanide are well documented and include a wide
 

spectrum of organisms since its site of action is inhibition of
 

the cytochromes of the electron transport system. The exact
 

physiological effects of the glycosides are not well
 

established. However, oral doses cf pure linamarin had been
 

reported to produce pnystological and biochemical changes in rats
 

in the absence of linamarase activity (Phiibrick et al, 1977;
 

Barrett et al, 1979'1.
 

Because of the growing importance of legumes in the human
 

diet, the levels of polyphenols, TIA, phytates and cyanogenic
 

glycosides were determined in seven underutiliz:a legumes
 

Indigenous to the Philippines. These are: sar-samping (Cl..tito
i.a
 

+PrnafPA), batao or hyacinth bean rD-Lc.wbs l ab), sabawel
 

ftiriin priin n W .Cb!hnehnis) , lima bean (Phba.sen.lus 

I,,n;a.US), swordbean (LnAau aI A1Ad.La-ta), rice bean (U.gl.a 

nrnb&lI..a t a) and jack bean (roat,&JjLa e.o si mis). The other anti­

nutritional factors-- lectins or hemagglutinins, saponins, 

alkaloids and oligosaccharides are the subject of other reports
 

in this series (Barroga and Mondoza, 1988; Serbrano and Mendoza,
 

1998a, b; Revilleza et al, 198B .
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MATER ALS AND)METHODS
 

Smples 

Seeds of above-mentioned indigenous legumes were obtained
 

from the National Plant Genetic Resources Laboratory (NPGRL) and
 

planted to obtain leaves and seeds for analysis.
 

Chemicals
 

All chemicals used were of analytical grade.
 

Linamarase was partially purified from cassava cortex as
 

previously reported (Fukuba et al, 1982).
 

Trypsin and benzoyl-DL-arginine-p-nitroanilide (SAPNA) used
 

for trypsin inhibitor activity determinaUon were obtained from
 

SIGMA Chemicals.
 

Polyphenol Content
 

The polyphenol content of the seed samples (ground dry
 

mature seeds, 60 mesh) was determined using two different assays
 

modified vanillin (Price et al, 1978) and protein precipitation
 

(Hagerman and Butler, 1978). One V HCI in methanol and absolute
 

methanol were used as extractants for the modified vanillin assay
 

and protein precipitation assay, respectively. Catechin and
 

tannic acid were used as standard in the aforementioned,
 

respectively.
 

Determination of Trypsin tnhbitor Activity (TIA)
 

TIA was obtained by the method of Kakade et al (1974) by
 

the decrease in the rate In which trypsin hydrolyzed benzoyl-D­

arginine-p-nitroanilide (8APNA). TIA is expressed as trypsin
 

units inhibited, one trypsin unit being arbitrarily defined as an
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increase of 0.01..absorbance unit at 410 nm per nL of the reaction
 

under the conditions used.
 

Determination of Phytic Acid
 

Phytic acid was measured acccrding to the method of Wheeler
 

and Ferrel (1971). Five hundred mg of ground sample was
 

extracted with 15 mL of 3% trichloroacetic acid for 30 min with
 

mechanical shaking.
 

Determination of Cyanogenic Glycosides
 

Two methods were used in the analysis of cyanogenic
 

glycosides, namely, enzymatic and picric acid methods. In the
 

first, the distillation method of Reay and Conn (1970) was
 

followed using either linamarase or crude leaf/pod extract of
 

sample used. !n the second method, toluene was added to the sample
 

to liberate tne cyanide which was trapped in picric acid.
 

Samples were prepared by homogenizing 10 g ground dry seeds
 

or finely cut pods in 40 mL of 0.1 IqHCI; pH was adjusted to 6.5.
 

Total volume was adjusted to 50 mL. Crude enzyme for each legume
 

was prepared by homogenizing 4 c of green pods or lea'es in 50 mL
 

of 0.! M phosphate buffer pH 6.0
 

RESULTS AND DISCUSSION
 

Polyphenol Content
 

The seeds of batao, lima bean and sabawel had low level of
 

flavanols as measured by the vanillin assay (Table 1), about 4 to
 

!0 times less than in mungbean (Barroga et al, 1985).
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Seeds of jackbean and sword bean had no detectable flavanol
 

groups. The values obtained for protein precipitation, 0.44 to
 

0.79 tannic acid equivalent g of sample (TAE) are lower than the
 

values reported for sorghum (1.03 - 5.66 TAE) (Bullard et al,
 

1981), cowpea (1.44-4.77 TAE) (Laurena et al, 1984a) and common
 

beans (1.61-5.2 TAE) (Bressani et al, 1983) but comparable with
 

those +or mungbean (0.16-0.61 TAE) (Barroga et al, 1985).
 

These results indicate that sword bean and jack bean have
 

hydrolyzable tannins which are not anti-nutritional. Satao, lima
 

bean and sabawel have low levels of polyphenols which are not
 

large enough to precipitate proteins and thus do not seem to be
 

a nutritional problem.
 

Phytic Acid
 

Among the indigenous legumes tested, batao, jack bean and
 

lima bean had relatively high levels of phytate phosphorus,
 

ranging for 6 tc 11.6 mg phytate P/g sample (Tab!e 7). Lower
 

values (< 5) were obtained ior sabawel and sword bean as well as
 

some varieties of mung bein used as control. 
 The values obtained
 

for lima bean were higher than those for the varieties reported
 

by Ologhobo and Fetuga (1982 and 
 1984) which were about 2 mg
 

phytate P/g; this could be due to varietal differences, Horse
 

bean gram tac.raiyIoma aa..]anum (Lam.) Verde and moth bean 
 lnigaa
 

arnnaiifaium (Jaca.) 
 Marechal] had about 1.8 mg phytate-P/g
 

comprising 557 of total phosphorus. Phytate-phosphorus in soy
 

bean, cowpea and lima bean also accounted for 40 to 50% of total
 

phosphorus (gloghobo and Fetuga, 1984). Germination and cooking
 

resulted in 25:< decrease in phytate-phosphorus o+ horse gram and
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moth bean (Borade et al, 1984). On the other hand, germination
 

and soaking were very effective in removing 42-45X phytate­

phosphorus from cowpea and lima bean (0loghobo and Fetuga,
 

1984).
 

Phytic acid may be nutritionally important in batac, jacK
 

bean and lima bean because of their relatively high levels,
 

Phytate makes about 50% of the seed's phosphorus content
 

unavailable and also could complex with other minerals making
 

then less available.
 

Cyanogenic 61ycosides
 

Table 2 shcws that none of the indigenous legumes had
 

potentially toxic levels of cyanide in the seeds, innature and
 

mature teaves and immature Dods. HCN levels o4 50 ppm and less
 

are considered non-toxic.
 

The lima bean samples had low HCN potential (0-10 ppm) which 

correspond to levels measured in cultivated beans compared to 

246 to 1580 ppm in l,'Id lima beans (De la Vega ano Sotel3, 1986). 

£nza..LajgaqIdia_ia and L. enciiL~nnmis samples had 22-46 ppm HCN in 

seeds and hao none or tLery little HCN :n other parts. _Djajasukma 

(1977) also reported the absence o- cyanide in seeds of Canaa±aia 

spp. in contrast to the reported 97 ppm of HCN in immature sword 

beans tKay, !972) and 108 ppm in jack bean seeds (Tehon, 1946). 

The difference could be due to different varieties/accessions ano 

methodology used.
 

Mucura p.r.Lao. had 0 to 44 ppm HCN in different parts of the
 

plants (Table 2a and 2b). Other species of tiici-aa viz, igant a
 

and mairP.bIh a were also reported to be devoid of HCN
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(Djajasukma, 1977). 
 Rice bean seeds had very low (23 ppm) HCN
 

similar to previously reported (Kay, 
 1972), Sam-samplng or 

L-i.tza tz,&1.a also had very low (0-20 pDm) HCN. No reports
 

on the HCN of sarr-samping had been made before.
 

Unlike in cassava, the 
legume samples analyzed indicated
 

lower levels in leaves 
 than in seeds. This cou!d be mcre
 

sysiematically 
studieo with lima beans especially tne wi!d type
 

which ccntain high levels -f cyanooenic g1ycosides.
 

Two methods of determininc cyaride content 
 were used to
 

ensure 
 the accuracy of the results. 
 Tne enzymatic/distillatjon
 

method is considered as 
the most accurate (Mendoza et a], 1984)
 

although 
 this is limited by the need to use enzyme specific for
 

the type cf cyanogenic glycoside 
in the sample. :n this study,
 

crude enzyme preparation from leaves of 
the sample tested was
 

used 
aside frcn partially purified linarnarase which is specific
 

for linamarin found in lima bean and cassava. 
The picrate m*thod
 

tends to overestimate cyanide since
content 
 it also gives
 

positive test with 
 other volatiles 
such as H2S, aldehvdes,
 

thiocyanates and nit-iles. This method also failed 
to detect high
 

levels of cyanide in the samples.
 

Trypsin Inhibitor Activity
 

Among the legumes investigated, batao (fd.Lrns iablab) had
 

the 
 highest trypsin inhibiior activity (TIA) ranging from 
 14.25
T"r
~8). 
to 27.05 units/mg 
sample for 4 accessionsA Accession 
 6-1 of
 

sabawel had 19.8 units/mg sword bean 
and jacx bean had low leuels
 

of 1.20 to 4.95 units/mg except for 
one jack bean 3ccession (A-I)
 

which had 9.45 units/mg sample. 
 Rice bean also had low levels of
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TIA, 5-7 units/mg.
 

In this study one lima bean accession (A-537) was found to
 

contain !.89 units/mg. High amounts of TIA had been reported for
 

lima bean Del Rosar!c et al, 1980). Ologh.obo :,d Fetuga (1993)
 

reported levels of 29.43 to 36.65 un~ts/rig protein. However, it
 

Is difficult tc directly compare the results as the methodology
 

and units used were differen4.
 

Furusawa et al (1974) had purified a trypsin inhibitor from
 

.D. -*Lbiab which had a molecula- weight of 9,500. It contained 2e%
 

carbohydrate as gala:tose and 19% hexosamtne as glucosamine.
 

This inhib:tor had inhibitory activity aoainst a-chymct~ypsin
 

aside from that against trycsir.
 

Trypsin inhibitors have been shown by various studies to
 

cause pancreatic hypertrophy and growth depression (Rackis,
 

1965; Kakade et al, 1973; Chan and de Lumen, 1982), thus
 

underlining the importance of ;nactivating them before ingestion
 

of food.
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------- ------------------------------------------

----------------------------- ---------------------------

----------

Table 1. Poiyphenols and phytate phosphorus of dry mature seeds of
 
several Indigenous food legumes.
 

Vanillin assay Orotein precipitation 

Samples (mg catechin) (mg tannic acid/g) 


Batao A-45 0.73 0.22 
A-51 0.50 0,27 
A-52 0.59 0.35 
A-57 0.36 0.29 

Jack bean A-i 0 0.29 
A-3 0 0.16 
A-5 0 0.46 
A-6 0 0.62 
A-8 0 0.69 

Lima bean A-535 2.48 0.54 
A-537 2.15 0.38 
A-544 1.41 0.55 

Sabawel A-2 0.1!1 0.24 
A-5 0.12 0.77 
A-8 0.2! 0.77 

Sword bean A-4 0 2.34 
A-9 0 0.59 
A-12 0 0.53 

Rice bean 28 0.32 -
46 0.84 

------- --- - ------ - ------- - ---- - --------

For vanillin assay and phytic acid determination, average of 


For protein precipitation, average o; three values.
 

Phytate phosphorus
 
(mg P/9)
 

9.62
 
10.10
 
8.47
 
-


6.62
 
9.42
 
7.08
 
9.64
 
7.59
 

7.98
 
11.62
 
9.9!
 

3.08
 
3.79
 
4.6!
 

4.94
 
4.83
 
4.37
 

two values,
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Table 2a. 	 Cyanide content of pods and 'eaves of several
 
Philippine indigenous food legumes.
 

Sample 	 HCR, ppm
 

Enzymatic Picric acid
 
method method
 

I.Iaiut.e Pnds 

Lima bean 	 A-557 0.d5 0
 
A-537 1.02 0
 

Sword bean A-4 0 0
 
A-9 0 0
 

Jack bean 	 A-3 0.20 0
 
A-5 0.38 0
 
A-8 0.34 0
 

lmma.um.a 12.axets 

Sword bean A-4 0 0
 
A-9 0 0
 

Jack bean 	A-3 0.10 0
 
A-5 0.22 0
 
A-8 0.34 0
 
8-8 0 	 0
 

Sabawel 	 A-2 0.83 0
 
A-5 0 0
 

Lima bean 	 A-537 3.31 0
 
A-544 10.35 0
 

Sam-samping 	 0 0
 

maiz~Leaie-s
 

Jack bean 	 A-3 0.10 0
 
A-5 0.20 0
 
A-8 0.27 0
 
8-8 0 0
 

Sword bean 	A-4 0 0
 
A-9 0 0
 

Sabawel 	 A-2 0 0
 
A-5 0 0
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HCN ppin 

Sample Enzymatic Picric icid
 
method met hod
 

Lima bean 	 A-537 8.88 0
 
A-544 0.83 0
 

Sam-samping 	 0 0
 

Cassava
 

Lakan (edible)
 

immature leaves !60
 
mature !eaves 201
 
parencnyma 27
 
cortex 33?
 

Datu (poisonous)
 

immature leaves 182
 
mature leaves 135
 
parenchyma 105
 
cortex 637
 

Table 2b. Total cyanide potential of mature seds of sver-i
 
Philippine indigenous for legumes,
 

Sample 	 HCN, ppm
 

Batao 15-42
 
Sabawe i 24-44
 
Sword bear 22
 
Rice bean 23
 
jackbean 4
 
Sam-samping 20
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- -------------------------------------

Table 3. Trypsin inhibitor activity of raw mature seeds of
 
several Philippine 


Samples 


Food Legumes 

Jack bean A-I 
A-3 
A-5 
A-6 

Batao A-45 
A-51 
A-52 
A-57 

Lima Bean A-535 
A-537 

Swcrd bean A-4 

A-9 
A-12 

Sam-sampin 9 6-2 


Rice bean 26 

28 


Sabawel 6-! 


indigenous legumes.
 

TIU/mg sample
 

9.45
 
1.44
 
3.56
 
4.95 

27,05
 
14.25
 
25.44
 
24.90
 

* .89 

1.20
 
2,20 
3.40
 

16.50
 

7.0
 
5.0
 

19.8
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Oligosaccharides in Several Philippine Indigenous
 
Food Legumes: Determination, Localization and Removala
 

MA. JAMEL4 R. REV!LLE2A5 EVELYN MAE T. NENDOZAbAND
 
LEONCIO C. RAYMUNDOc
 

bInstitute of P~ant Breeding andClnstitute of Fooo Science 
and Technology, College ol Agriculture, University of the
 
Philippines at Los Sarfos, College, Laguna 402!
 
Philiovines. Please address corresooncence to EMTM.
 

Key wordst olicosaccharides, raffnose, stachyose. verbascose,
 
legumes, lima bean (Ehaspnlus Lunalus L., sword bean (Zaaaualia

gladiaia (JAcq.) DC.), jack bean (Caaaualia aasiomis (L.> OC.),

sabawel (Muruna gpri±ans or-chinchinaasis). oatao or hyacinth

bean (aichas lahbab L.) and 
 !ice bean (Uigra umbaLlaia
 
Ohashi.)).
 

Abstract. The oligosaccharide profile of raw mature seeds of
 

seven different legumes indigenous to the Philippines was
 

measured in 707 ethanol extracts of the seeds by thin 
 layer
 

chromatography using HPTLC plates 
 and ouantified by a
 

densitometer. Based on the results, the legumes could be ranked
 

according to decreasing cligosaccharide content or flatulence
 

potential as follows: Sam-sampin9 (.CLti=1a 1.tena-ta) ) Batao
 

(fnirbns .ablam) > Sabawel (iucuma DcL-ians) > Lima (E-seli±s 

1unaidjs) > Swjordbean (aa].a a d.abia-ta) I rice bean (&.@ina 

um.bniaiia) > Jack bean ( aa.ia en si-.-n.a).. Sam-samping had 

4.797 total oiigosaccnarides and batao. 3.78<. A jack bean
 

accession had !,79% oligesaccnarides.
 

Simple processing methods were tested to detoxify the
 

oligosaccharides. Soaking of batao seeds had no effect 
 while
 

boiling even resulted in a net 23-31Y increase in the levels of
 

raffinose, stachyose and verbascose. On the other hand, two min
 

b
 
Part of MS thesis of the senior author.
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of 
 dry roasting resulted in complete removal of oligosaccharides
 

whereav gernination resulted in about 30-40X decrease after 
I and
 

2 days, respectively.
 

Introduction
 

Mature seeds 
 of legumes contain olioosaccharides 
of the
 

raffinose family, 
namely, raffinose, stachyose and verbascose in
 

which galactose Is present in -linkage 
 (Calloway et al, 1971;
 

Shallenberg and Moyer, 
 1961). These oligosaccharides have been
 

shown to be responsible for flatulence manifested by rectal 
 gas
 

expulsions, abdominal rumbling, clamps, diarrhea and nausea,
 

following consumption of these beari (Steggerda, 1968).
 

Many 
 studies nave been made on determining the
 

oligosaccnaride 
 content and composition nf va-icus lecumes 
 such
 

as soybean (.GI.iLLnje ma) (Hardinge et 
al, !965; Murphy, 1973;
 

Cristofaro et al, 1974), cowpea (Lan 
 umbela.ta) (Hernandez et
 

al, 1981; Hardinge et a!, 1965, Upadhay anc Garcia, 
 1987,
 

Cristofaro et a!, 1974), 
red gram (Cajanu.s caian) Bengal gram or
 

chick pea (Qica ari_.iijum) (Rao and Belavady, 1978; Hardinge et
 

al, 1965; Cristofaro et al, 1974), black gram (21asaa.Lus muago),
 

field bean (Bbasjni.u.s .uugaaLd), 
 horse gram (DD!uctb.s umd-.U=i.n,s
 

Lam.), lentiis (.Leos .szc.Lea.a L.), lima bean (Ehasenaous 1na.±s
 

L.), green peas (2.Lsum -sa-iinjm) (Hardinge et 
al, 1965; Cristofaro
 

et al, 
 1974) and winged bean (Garcia and Palmer, 1990).
 

Several 
legumes indigenous to the Philippines are potential
 

sources of protein-rich 
 foods. This study focused on (a)
 

determination of the oligosaccharide profile and content 
in these
 

underutilized 
legumes, (b) ontogeny and localization o+ the
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oligosaccharide profile in selected legumes and (c) removal or
 

detoxification of oligcsaccharides using simple pre-cooking and
 

cooking methods. The legumes used in this stujy were as follows:
 

lima bean [Ebasealu. Iuomaius (L.)], sword bean (CanaialiLa
 

gladLaia (Jacq.) DC], jack bean ECaaa]iia e.si£cuni4(L.) DC.],
 

sabawel [luac.=a pziu.Ams ot cacbo mb.i batao or hyacinth
ic asial], 


bean [Dlorihos Ulab (L.)], sam-samping r]_Liri.a ie.raiaaa], and
 

rice bean [Uigma umbellaia (Ohashi)]. The results of this study
 

could aid in widening the utilization of these legumes.
 

Materials and Methods
 

SampL.s
 

Seeds of several accessions of the species/genera mentioned
 

above were obtained from the National Plant Genetic Resources
 

Laboratory and Vegetable Crops Division of the Institute of Plant
 

Breeding. These seeds were further multiplied following
 

recommended agronomic practices.
 

rhemirajS
 

Raffinose and stachyose were purchased from Nakarai
 

Chemicals Ltd. Verbascose was prepared from mung bean by e'hanol
 

extraction and gel filtration chrcmatography using Bio-gel P2,
 

100-200 mesh with distilled water as eluant. All other chemicals
 

used were of analytical grade. HPTLC plates precoated with
 

silica gel 60 without indicator were from Merck (West Germany).
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Maqii £mana n nlignrgarbharidrnnDt
 

The oligosaccharides of the samples were analyzed using
 

HPTLC and quantified by a Camag densitometer interfaced to an
 

Spectra-Physics computing integrator.
 

1. Extraction and Identification of Oligosaccharides
 

Samples (500 mg) were extracted three times with hot 5 mL of
 

70X ethanol with shaking for 30 min at 60 C. The supernatants
 

were pooled and concentrated in vacuo at 45 C to 1.0 mL. Four
 

drops of saturated lead acetate sclut;on were added to
 

precipitate non-carbohydrate material. After removal of
 

precipitate by centrizugation, the excess lead was removed by
 

adding one drop of saturated monopotassium phosphate. An aliquot
 

containing I to 5 ug of sugars was spotted on an HPTLC plate
 

(Merck Silica Ge! 60) with a 10 uL microsyringe and developed for
 

4 h in a fresh solvent system of pyridine: n-butanol: H 0 C3:04:4
 

(v/v/v)]. Triple develooment enhanced separation and eliminated
 

most of the tailing. It was carried out by drying the plates
 

under the hood for 30 min prior to redevelopment in the same
 

direction.
 

The sugars were visualized by using a modified procedure of
 

Jeffrey et al, 1969, consisting of spraying with a mixture of 100
 

mg diphenylamine, 0.1 mL aniline, 0.4 mL of 80% orthophosphoric
 

acid In 4 mL acetone and 15 mg benzidine in 32.0 mL glacial
 

acetic acid. The plates were incubated in a forced draft oven at
 

100 C for 10 min.
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2. Quantitative Analysis
 

Reference standards containing !0 mg/mL each of glucose,
 

sucrose, raffinose and stachyose were used. Response factor for
 

each sugar standard was calculated and plotted against the degree
 

of polymerization or the number of monosaccharide units.
 

Response f,ctor for verbascose was extrapolated from the graph
 

(Sosulski et al, 1982).
 

Individual sugars were quantified by comparing their
 

response factors with that of the corresponding sugar standard.
 

Results were expressed as g sugar/!00 g dry wt of the sample.
 

Several methods were used to remove oligosaccharides from
 

Batac A-45: soaking, boiling, roasting and germination.
 

Analysis was performed on the processed beans.
 

1. Soaking
 

Five g whole seeds were soaked in water at 1:3 and 1:10
 

(w/v) bean to water ratios for 6, 12, and 24 h at 25 C.
 

2. Boiling
 

Five g whole seeds were boiled in a oeaker at 1:3 and 1:10
 

(w/v) bean to water ratios for 15, 30, 60 and 90 min.
 

3. Dry-roasting
 

Five g whole seeds were roasted on an electric stove set at
 

high for 0.2. 0.5, 1.0, 1.5 and 2.0 min.
 

4. Germination
 

Five g whole seeds were washed first with mercuric chloride
 

solution to reduce surface contamination. Then, these were
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soaked overnight in water and allowed to germinate in sterile
 

Petri dishes lined with wet filter paper. Oligosaccharides in
 

samples soaked overnight and after 24, 48, 72 and 96 h of
 

germination were analyzed and described above.
 

Proximate analysis was performed according to the Methods of
 

Analytical Association of Official Chemists (AOAC, 1980).
 

Results and Discussion
 

EicnX~IMate analxsis
 

Carbohydrates (nitrogen-free extract) and proteins are the
 

major constituents of the legume samples Table 1., Protein
 

content ranged from 20-30% with lina bean having the lowest
 

level (20.35%) and sam-samping with the highest (30.12%).
 

Conversely, sam-samping had the lowest carbohydrate content
 

(44.37%) and lima, the highest (60.66%).
 

[aLgsAcc..ac.iLdP_ c.=antn amd prn~oiEie.
 

HPTLC of the ethanol extracts showed the absence of simple
 

sugars in the seed samples (Fig. 1). Sucrose represented 30-58%
 

of the total sugar in the mature seeds, the highest amoint being
 

found in sam-sariping (9.78%) which exceeded the range of 4.5-8.6%
 

for legume flours reported by Sosulski et al [19823.
 

Sam-samping had the highest total oligosaccharide content
 

(4.79%) followed by batao (3.66%), sabawel (3.46%), lima (3.08),
 

rice bean (2.40%, sword bean (2.35%) ano jack bean (2.25%) (Table
 

2). Except for jack bean, the values obtained for the total
 

batao, sabawel, lirra
oligosaccharides oz the two accessions of 
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and rice bean were similar. However, a closec examination of the
 

oligosacc.aride profile shows pronounced varietal differences.
 

The value of 4.79Y obtained for sam-samping Is lower than the
 

5.46% to 5.90% for lupins, chickpea and cowpea (Sosulski et al,
 

19P2). Ologhobo and Fetuga (1982) reported a high 9.50% mean
 

total o!igosaccharide for 11 varieties of lima bean.
 

Stachyose was the principal oliqosaccharide in sam-samping,
 

batao, lima, jackbean and sword bean with values ranging from
 

1.4-2.4% of dr' weight or 2.8-5.4% of total carbohydrates. These
 

legumes also contained significant amounts o raffincse (0.3­

2.!1%) and minimal verbascose (trace-0. 4%). Sosulsk; et al [11823
 

found a different oligosaccharide profile for lima bean using gas
 

liquid chromatography although the total oligosaccharide was
 

similar to that obtained in this study (3.75 vs 3.05). Stacnyose
 

was also +ound to be the major oiicosaccharide in D.. .ab.ab var
 

lignosus but other components differed (Salimath and Tharanathan,
 

1982).
 

On the other hand, raffinose was the najor galactoside of
 

rice bean with stacnyose and verbascose being minor components.
 

Verbascose was the -.
predominant galactoside in Aawel which also
 

contained a considerable amount of verbascose.
 

Lar.a.iz.aii
 

The vegetative parts and flowers of batao and sabawel were
 

also examined for the presence of oligosaccharides at mature and
 

immature stages of development (Table 3). Results show that
 

oligosaccharides accumulated only to a limited degree in the
 

different parts especially in the leaves and roots. Mature seeds
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had the highest concentration of the oligosaccharides. In
 

0 neral batao had a greater concentration of the sugars in the
 

different parts than sabawel.
 

D)e Im .caiAn= =ocze~liualj D-1 iqa r hbadAes 

Several simple pre-cooking and cooking methods were
 

evaluated to determine their effect on the oligosaccharide of
 

whole seeds of Batao A-45. Satao was selected for this series of
 

experiments because of its relatively high oligosaccharide
 

content and its wider utilization among the legumes studied.
 

The separations of stachyose and verbascose was not complete
 

in the detoxified samples. Verbascose a:counted for only 10.8%
 

of the total oligosaccharides in batao and this appeared as a
 

shoulder in the stachyose peak. These two fugars were therefore
 
$
 

estimated as a single constituent.
 

(a) .Savi g. SoaKing u? to 24 h did not result in any significant
 

reduct:on ir oligosaccharides content regardless of the time or
 

bean to water ratio used (Fig.2). Upadhvay and Garcia (1987)
 

reporteo 0 to 36X lowering of the different oligosaccharides in
 

seeds of 4 cowpea varieties soaked in water 4or up tc 18 hr.
 

They cited sclubility of the individual oligosaccharides and the
 

diffusion rate as two factors that could influence sugar losses
 

during soaking. The diffusion rate in turn would depend on the
 

thickness and permeability of the seed coat. Mature seeds of
 

batao have 
 a thicK and hard seed coat which could inhibit
 

significant diffusion of olgosaccharides.
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(b) B in.Llag. Boiling Batao A-45 mature raw seeds resulted in a
 

net decrease of sucrose in the 1:3 (16.4.) and 1:i0 (46.0%) (w/v)
 

bean to water ratios after 90 min. The level of raiinose and 

stachyose + verbascose increased at the 1:3 ratio (23.3% and 

31,1%, respectively), However, in the 1:10 ratio, only tne level 

of raffinose decreased by 62.5%. Stachyose + verbascose 

Increased by 22.2% (Fio. 3). 

Ku et al. (1976) and Silva and Braga (1982) reported the 

greater lcsses of oliposaccharides when beans were cooked in 1:10 

bean and water ratio than in the lower ratios, This is probably
 

due to the increased solubility or leaching of the sugars in the
 

medium at the higher bean tc water ratio. Higher losses (47-77%)
 

in various oligosaccharides were observed in cowpea after boiling
 

(Upadhyay and Garcia, 1987).
 

The observed increase in the oaigosaccharides could be
 

attributed to hydrolysis of oligosaccharides which are bound to
 

proteins or other macromolecules, or present as constituent of
 

high molecu'ar weight polysaccharides. Cerning-Beroard and
 

Fi-,atre (1976) 
 have reported the presence of high molecular
 

weight galactosides in some !egumes. A sim:iar trend of
 

increased oiigc:ccrid lovels after cooking was also observed
 

by Rao and Belavady (1978).
 

(c) Dcy cma.s..j. Dry-roasting at high temperature resulted in 
a
 

complete reduction in the oligosaccnaride content of the beans
 

(Fig. 4). The levels of sucrose and the oligosaccharldes were
 

higher at a roasting time of less than 0.5 min. However,
 

prolonging the roasting time to 2 mmn almost completely removed
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the oligosaccharide proDably because of non-enzymatic browning
 

reaction, oxidation of sugars or pyrclysis.
 

(d) rlnmin.ai. Raffinose and stachyose + venbascose cecreased
 

by 85 and 88E, respectively during germnation (Fig. 5), highest
 

decrease being observed at 4 days. Sucrose increased 3-fold
 

whereas no monossacharides were detected. This decrease is
 

comparable to the 89.5/ decrease reported for ha-s 3nais
 

mungim..u.s, a cross between black gram and green gram (Gupta and
 

Wagle, 1980) durlng a 4-day germination test, and 88.61 and 87.8.
 

decrease, respectively, in Bengal gram and red gram during a 3­

day germination period (Rao and Belavady, 1978). It is, however,
 

lower when compared to the 	100% decrease in black eye beans and
 

pink beans (Silva and Luh, !979). Reddy and Salunkhe (!980)
 

nave reported Increased -galactosidase activity in germinated
 

black gram bears which is responsible for the lower
 

Other investigators
oligosaccharide content of 	germinated beans. 


in different types of germinated beans
reported the same findings 


-

(Pazur et al., 1962 and Upadhyay, 1987). The increased 


galactosidase activity could be responsible for the increase in
 

sucrose and reduction of the oligosaccharide content. The
 

absence of monosaccharides indicates their rapid utilization. The
 

degree of decrease in the ol gosaccharides
difference in the 


during germination could be partially due to origin and cultivar
 

-galactosidase
differences in the levels of indigenous 


activity in different beans (Sathe et al, 1982).
 

70
 

http:rlnmin.ai


Of the several processing methods used for dry bean
 

processing, germination is a relatively simple method, does not
 

require intensive energy input and yields a natural product.
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----------------------------- ------------------------

Table 1. Proximate composition of 

indigenous food legumes.
 

Variety Y Moisture Y.Fat 


Sam-samping 7-2 .20 2.20 

ia-n a.taa) 

Batao A-45 6.78 1.70 
A-57 7.10 2.06 

1-abiab) 

Sabawel A-2 7.76 2.67 
A-5 7.40 2.48 

pz.uianr) 

Lima A-535 9.47 1.32 
4-537 10.20 1.25 

( hasaalus 
LL'aaitis) 

Rice bean 28 8.97 3.46 
(dLgiaa 

iabteliala. 

Swordbean A-12 8.76 2.51 

_laiiaia) 

Javkbean A-1 8.40 2.46 
8-8 8.56 2.66 

(Canaa±alia 
Paso=.rnis)
 

mature seeds of 


Protein 
( N x 6.25) 

30.12 


21.46 

23.24 


29.36 

29.42 


20.35 

24.65 


16.82 


28.05 


2?.82 

29.41 


Y Ash 


6.41 


4,05 

4.10 


4.00 

4.70 


4.73 

4.54 


4.31 


4.70 


3.95 

4.99 


some 

X Crude 

"0.54 

V Nitrogen 
Frei Extract 

44.37 

4.80 
5.50 

6t.21 
57.99 

4.40 
3.15 

51.81 
53.45 

3.47 
3.20 

60.66 
56.16 

7.43 64.73 

8.35 49.63 

5.50 
5.30 

51.87 
49.48 
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Table 2. Non-reducing sugar profile of seven Philippine
 
Indigenous food legumes.
 

7.Non-reducing sugar 

Sample 7 Sucrose % Raffinose % Stachyose 7.Verbascose % Total 
A 3 A B A B A 9 ollgo­

saccharides 

A 

Sam-samp iig
7-2 

(L.U inn ia 
4.34 9.78 2.11 4.76 2.42 5.45 0.26 0.59 4.79 

Batao A-45 1.62 2.65 1.20 1.96 2.!2 3.46 0.36 0.59 3.68 
A-57 

(floILc~os
ia2.ai) 

1.79 3.09 1.13 1.95 2.07 3.5S 0.44 0.76 3.64 

Sabawel A-2 2.60 5.02 1.40 2.70 0.97 1.87 1.20 2.32 3.57 

(Mucu,n 
A-5 2.37 4.43 1.12 2.10 1.02 1.91 2.22 2.26 3.36 

pa.aiie s) 

Lima A-535 1.68 1.77 0.93 1.53 1.87 3.08 0.09 0.15 2.89 
A-537 2.02 3.60 1.11 1.98 1.- 3.54 0.12 0.21 3.22 

(Ehase.aus 

Rice bean 28 1.86 3.17 1.4 !.?4 0.37 0.63 0.74 1.26 2.25 
46 3.50 5.90 1.73 2.92 0.37 0.62 0.45 0.76 2.55 

umbaJaia.) 

Swordbean A-12 2.57 5.18 0.91 1.83 1.44 2.90 t, tr 2.35 
(Laaiaal.La 

Jackbean A-I 1.49 2.87 0.34 0.66 !.44 2.78 0.01 0.02 1.79 
6-8 2.47 4.99 0.96 1.74 1.74 3.52 0: 0.22 2.71 

A- percentage o+ dry mature seeds 

8- percentage of carbohydrates (Nitrogen-free extract) 
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Table 3. Oligossacharide contents of the different plant parts
 
of Batao and Sabawel1 profile at the mature and
 
immature stages.
 

Plant parts 


Baian A-45 

Mature seeds 

Immature stem 

Mature stem 

Immature leaves 

Mature leaves 

Immature roots 

Mature roots 

Flowers 


aiaa A=5Z
 

Mature seeds 

immature stem 

Mature stem 

Immature leaves 

Mature leaves 

immature roots 

Mature roots 

Flowers 


Sauw=.I A: 

Mature seeds 

Immature stem 

Mature stem 

Immature leaves 

Mature leaves 

Immature roots 

Mature roots 

Flowers 


Sahaw.L A=5 

Mature seeds 

Immature stem 
Mature stem 

Immature leaves 

Nature leaves 

Immature roots 

Mature roots 

Flowers 


< Raffinose 


1.20 

0.37 
0.17 

0.24 

0.59 

0,05 

0.55 

0.79 


1.13 

0.32 

0.20 

0.26 

0.46 

0.03 

0.49 

0.55 


1.40 

0.01 

0.12 

0.02 

0.03 

0.03 

tr 

0.01 


1.12 

tr 

0.03 

0.03 

0.05 

0.02 

0.02 

0.01 


% Stachl:ose + Verbascose
 

2.48
 
0.18
 
tr
 
1.10
 
0.39
 
0.02
 
0.19
 
0.22
 

2.51
 
0.13
 
0.01
 
0.09
 
0.39
 
0,01
 
0.21
 
0.17
 

2.17
 
tr
 
tr
 
tr
 
tr
 
tr
 
tr
 
tr
 

2.24
 
tr
 
0.01
 
0.01
 
0.05
 
0.0!
 
tr
 
0.10
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Legends 	to Figures
 

1, 	HPTLC chromagtogram of sugars in the raw mature seeds of I-


Batao A-45, 2-Jackbean 8-8, 3-Sword bean, 4-Sabawel A-2. 5­

Sam-samping, 6-Lima bean and standards, G-glucose, S-sucrose,
 

R-raffinose and ST-stachyose.
 

2. 	Effect of soaKing in water on the soluble sugars of Batao A­

45 at 1:3 and 1:10 (w/v bean to water ratios. 

or 0 sucrose, U or U raffinose.& cr!_Xstachyose + 

verbascose: bean tc water rato, :3 and ---- , 1:10. 

3. 	Effect of noiling on the scluole sucars of Batao A-d5 at 1:3 

and 1:10 'W./v) bean to water ratios. 

0or O sucrose: or Li raff inose, 4 or L, stachyose + 

verbascose; bean to water ratio, , 1:3 and --.- , 1:10. 

4. 	Effect o4 dry roasxing on the soluble sugars of Batao A-45.
 

* sucrose; raffinose; &, stachyose + verbascose.
 

5. 	Effect of germination on the solubie sugars of Batao A-45.
 

' sucrose; raffinose, & stachyose + verbascose.
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Fig. 1. HPTLC of sugars in the raw mature
 
seeds of 1-Batao A-45, 2-Jackbean
 
8-8, 3-Swordbean A-12; 4-sabawel
 
A-2; 5-Sam-samping, 6-Lima A-535
 
with standards: G-glucose;
 
S-sucrose; R-raffinose and ST­
stachyose.
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VI 

Chnges In Oligosaccharides, Soluble Sugars and Hydrolyzable 
Polysaccharides in Deueloping Sepds of Batao 

(nnlirhn lah.la ) and Sabawel (H.unia priowians 
rnrhinrhinnciq)a 

Ma. Jamela R. Revilleza and Evelyn Mae T. Mendozab
 

Biochemistry Laboratory, !nstitute of Plant Breeding
 
College of Agriculture, University of the Philippines
 
at Los Balos, College, Laguna, Philippines 4031
 

Ksyumds: oligosaccharides, raffinose, stachyose, verbascose, 

batao or hyacinth bean (DoJLcbdoa Labla), sabawel (r.ua. 

prj±Pin% ot crmhin _inAaj.q),ontogeny, hydrolyzable polysaccharides.
 

Abstract: During seed maturation of batao and sabawel,
 

hydrolyzable polysaccharide increased in the cotyledon while It
 

decreased in the pod wail. As disaccharides decreased in the
 

cotyledon, the oligosaccharides raffinose and stachyose started
 

to increase. Verbascose was detected one week later in sabawel
 

and even later in batao. The cligosaccharldes were very low or
 

nondetectable in the podwall and seed coat of both batao and
 

sabawel. Monosaccharides were detected In the podwall and seed
 

coat but not in the cotyledon.
 

Part of MS thesis of the senior author.
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This study aimed at determining the levels and patterns of
 

the monosaccharides, disaccharides, oligosaccharides and the
 

hydrolyzable polysaccharides in the developing seed of batao and
 

sabawel. Results from this study are expected to give a better
 

understanding of the metaboism of carbohydrates in the maturing
 

seed with emphasis on oligosaccharide synthesis.
 

Materials and Methods
 

RampIPs 

Seeds of two accessions each of Batao (A-45 and A-57) 

(DA:Lr hn abab) and sabawel (Xinri 11a .pnLWPD.S 

rnnrhirhi.neZonsiS) (A-2 and A-5) were obtained from the National 

Plant Genetic Resources Laboratory of the Institute of Plant 

Bretding. 

Ten plants of each accession were planted I m apart. The 

first flowers that appeared in the lateral branches of the plants 

were tagged for subsequent sample collections. 

£fb.mLi raJ.S
 

Raffinose and stachyose were obtained from Nakarai Chemicals
 

Ltd. Verbascose was orepared from munc bean by ethanol extraction
 

and gel filtration cnromatography using Bio-gel P.2, !00-200 mesh
 

with distilled water. HPTLC olates precoated with silica gel 60
 

without indicator were from Merck (West Germany). Other
 

chemicals used were of ana-ytical grzde.
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WMdrnlyTah1abIXE qrharjgip.s
 

Total hydrolyzable polysaccharides were determined according
 

to the method of Dawson et al (1969). Fifty mg dry sugar-free
 

sample were hydrolyzed with 10 mL of 5*/H SO in a boiling water
 

bath for 2.5 h. An aliquot containing 2 to 10 ug sugar was color
 

developed with 3.0 mL of 0.2/(anthrone in sulfuric acid in
 

a boiliag water bath for 10 min. The amount of hydvolyzable
 

polysaccharides was calculated from a standard curve of gluccse
 

with a correction factor of 0.9 to account for the water that was
 

lost during the condensation of mortusaccharides to form the
 

polysaccharides.
 

n.±.an.Laaiaai 1211gaslac±har i ri Enoaia and Content 

The procedures described by Revilleza et al (1988) were
 

followed.
 

Results and Discussion
 

Dihyirl bna.s .d.=.iJlg Aeutnnmpn 

Pod wall and seed formation commenced immediately after
 

anthesis (Fig. 1). The start of seed maturation was indicated by
 

a decrease in the fresh weight of the cotyledon and seed coat.
 

For batao, maximum pod w.uil and seed coat weight was attained at
 

21 days after anthesis while cotyledon weight started to decrease
 

at 24 days. Batao matured after 28 days.
 

For sabawel, pod wall weight was highest at 49 days after
 

anthesis, seed coat and cotyledon weight were maximal starting at
 

42 days and started to decrease at 56 days. Sabawel matured
 

after 63 days.
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Moisture content of the different pod parts decreased
 

gradually as pod development progressed but declined sharply when
 

the pod was completely mature (data not shown).
 

The differences in rates of maturation for tod and seed
 

were similarly observed in deve!Coing chickpea (Singh and
 

Jambunathan, 1982) and french and soybeans (Onebedeany and
 

Chollet, !975).
 

CUages in mnnnsa.ccha_.ides, diLsac;akide.s, a _igasarrhac.Lde_ aad 

Blaiaa. As the cotyledon developed, disaccharides decreased
 

until maturity while hydrolyzable po!ysaccharides which represent
 

the storage polysacchar'de in the seed, increased (Fia. 2a).
 

Moposaccharides were not detected in the cotyledon. Raffinose
 

and stachyose were at relatively high levels (!%) at 14 days and
 

Increased steadily. Verbascose aopeared later at 24 days. In
 

contnast, oligosaccnarides were detected much later in the drying
 

ohase of the rioening luoin seed (Saini and Lymbery, 1983) and in
 

the later oeriod of seed develooment in chickpea (Singh and
 

Jambunathan, 1982). The seouential formation of the
 

oligosaccharides has been cited by several authors (Shallenberg
 

and Moyer, 1961; Saini and Lymbery, 1983).
 

In the seed coat, monosaccharides and disaccharides
 

increased up to 20 days after anthesis and decreased thereafter
 

(Fig. ?b). Hydrolyzable polysaccharide level was steady until 2d
 

days after which it increased concomittant with the decrease In
 

the soluble sugars. Stachyose and raffinose were very low (0.02-


0.03Y) and verbascose was not detected in the seed c It.
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In the pod wall, the increase in hydrolyzable
 

polysaccharides was accompanied by a decrease in mono-and di­

saccharides. Stachyose and raffinose were very low (0.01-0.2V)
 

in the maturing pod wall.
 

Although an increase in the accumulation of hydrolyzable
 

polysaccharides in the cotyledon was accompanied by a marked
 

decline of the same in the pod wall, it is not possible tc
 

determine whether the hydrolyzable polysaccharide in the pod wall
 

was mobilized and translocated in the cotyledon. Radioisotope
 

experiments with bean cultivars showed the non-dependence of the
 

seed on the pod for photosynthetic oroduct [Oliker et al, 1978].
 

It can also be noted that the decrease in the hydrolyzable
 

polysaccharide of the pod wall cannot account for its large
 

increase in the cotyledon.
 

Sabaiae.L. As the cotyledon developed and matured,
 

disaccharides increased and started to decline at 42 days after
 

anthesis (Fig. 3a) during the yellowing stage of maturation.
 

Hydrolyzable pnlysaccharide increased steadily. At 35 days in
 

the later stage of seed development, the oigosaccharides
 

stachyose and raffinose started to increase from 0.1 to 1.3%.
 

Verbascose was detected later at 49 daos.
 

Monosaccharides were detected in the seed coat t0.2-0.57.)
 

and oodwla (0.2-1.7/) but not in the cotyledon. The
 

oligosaccharides were ve-y low (traces-0.05/) in both seed coat
 

and podwall.
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In the pod wall, hydrolyzable Dolysaccharides decreased
 

steadil; , while both mono-ana dissacharided increased up to 35
 

and 42 days, respectively, and then declined.
 

Similar patterns of changes for the various carbehydrate
 

components were obtained for the two batao and two sabawel
 

accessions studied. Thus only the results for one accession for
 

each of the two legumes were presented.
 

The results above shcw variation in carbohydrate changes
 

in batao and sabawel. DOfferences were also evident in levels of
 

the mono- and dissacharides and hydrolyzable oolysaccharides for
 

the two legumes although the trends especially during the latter
 

Dart of maturation were similar,
 

The oligosaccharlde synthesis in both batao and sabawel was
 

accompanied by a decrease in dissacharide !sucrose). Part of the
 

sucrose is probably used in the synthesis of the oliQosaccharides.
 

It has been shown that raffinose could be synthesized with a
 

mixture of sucrose, -galactose-l-ohosohate and OJP in the
 

presence of crude enzyme oreparation for sword bean [Pridham and
 

Hassid, 1965).
 

In both batao and sabawel, raffinose and stachyose were
 

synthesized earlier than verbascose which agree with the
 

sequential synthesis pattern for the oligosaccharides.
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ABSTIRACT
 

Saponln content in mature seeds of seven iegumes range from
 

0.09 to 0.44%. Sam-samping had the nighest content of 0,44.. In
 

mature pods, saponin ranged from 0.!? to 1,6%, Batao pods had
 

high levels (1.00 to 1.63%) in four accessions, No correlation
 

was found bptween results of the froth test and Llebermann-


Burchard c-lorimetric test for saponins.
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INTRODUCTION
 

Saponins are glycosides of either triterpenoid or steroid
 

aglycone structure described as havino a spiroketal chain. They
 

have the ability to froth when aoitated as an aqueous so'ution
 

and have a bitter taste. They exhibit strono hentolytic activity
 

on red blood cells (RBC). These two properties--ability to froth
 

and hemolyze RBC, are the basis for biological assays for
 

saponins. Saponins are toxic when injected into the blood stream
 

but are harmless when takzn orally.
 

The exact mechanisms of the anti-physiolomical activity of
 

saponins are not well established but could possibly be either or
 

both of the folitlino: (a) they lower {ooc intake due to poor
 

palatability or irritation of the gastrointestinal tract and (b)
 

inhibition of enzymes and reduced availaoiiity of nutrients due
 

to the formation of saoonin-mineral complex (Cheeke, 1976).
 

This stuoy aimeo to estimate the level of saponirs :n fooc
 

legumes which are indigenous to the Ph:lippines by at least two
 

methods.
 

IATERIALS AND METHODS
 

Materials
 

Raw mature seeds of legumes indigenous to the Philippines
 

were obtained from the National Plant Genetic Resources
 

Laboratory of the Institute of Plant Breeding. These were
 

clanted following recommended practices an newly harvested seeds
 

and raw mature pods were used for the analyses. The samples used
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were: batao or hyacinth bean (Dalicos lablab), jackbean
 

(Coa.ua.liA el.siaormis) Iima bean (4EaseiIus Liati.q), sabawel
 

cc. seosis)
(Ltuc~uora r.uc.ePia caciaaU sword bean (Caaai.iai
 

gladia a), sam-samping (CQitLa icaalea) and rice bean (Ugna.
 

uzhabl.taia,. 

All chemicals used were analytical arade. Soybean as a
 

source of saoonin was used as a standard.
 

Preparation of Samples
 

Finally ground seeds (60 mesh) were defatted and extracted
 

with 80Y ethanol (0.5 o: 5 mL) unoer reflux condition at 50 C in
 

an evaco-mix for 15 min and centrifuged at 2000 ron in a Kubota
 

centrifuge. The samples were re-extrarted two more times using
 

above procedure. The supernates were combined and made to 15 mL.
 

About 3 mL of the extract was passed through a column of
 

polyvinylpyrollidone (0.50 x 15.0 c-) previously hydrated
 

overnight. Filtrates were set aside for the analyses.
 

Tests for Sapanin
 

(1) tadi££lad Liaberama=ubincad lesi. The Liebermann-


Burchird test was modified so that the color :s clear and stable
 

to determire saocnin ouantitat-vely. Plant extract (0.10 ,L)was
 

treated with 0.5 mL of concentrated acetic acid, followed by 3.0
 

mL of the Liebermann-Burchard reaoent (30% acetic anhydride in
 

52% sulfuric acid) (Oakenfull, 1984). One tube for eacn samole
 

was heated In a 90-100 C water bath for 10 min; another tube
 

which 	 isunheateo is used as reference to account for further
 

interfering compounds. After cooling to room temperature,
 

absorbance was read at 450 nm. Saponin values were calculated
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relative to soybean 'JPL SY2 (0.63% saoonin).
 

2) .Enb .1e. To 1 mL of extract was added 3.0 mL of
 

distilled water. The mixture was shagen by hand for I min,
 

allowed to stand for anotner min and froth formation recorded as
 

follows: - no froth: +, froth at s'de cf tube only: ++, froth 

covers tube surface and +++, froth height greater than 0.50 cm. 

RESULTS AND DISCUSSION
 

Among the legumes analvzee, sam-sampino had the highest
 

level (0.447) and two accessions of swcra bean nad the lowest
 

level (0.06 and 0.09%) (Table '). in ce.erai, the ua'ues
 

obtained for the samples were nuch lowe- than the 0.63X saoonin
 

of soynean.
 

In genei'al, no correlat:on was observed between the values
 

of the froth test and the L!ebermann-Surchard tests, similar to
 

those previously reported (Birk, 1969). The Lieber-mann-Burchard
 

test is a general test for triterpencids and steroids. Strong
 

hemolytic activity was also not always associated with frothing
 

ability and vice-versa (Birk et al, 1963; Gestetner et a!, 1963).
 

Since more of the tests for saponins can be considered as
 

uneouivocal indication of the presence of saponins, it is
 

necessary that at least two of the tests sh-w highly positive
 

responses.
 

Among the five samples of mature nods tested. -our
 

accessions of batao hao very noh saponin (0.98 to 1.63)
 

ollowed by a jack bean accession (0.74;/) 3nd sam-samoing (0.67%)
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(Table 2). The mature Dods had higner saponin than the mature
 

seeds. Notably, san-samping was high in saonin in both mature
 

seeds and pods.
 

Batao A-45 had high Liebermann-Burchard and froth test
 

results. Again no correlation was evident between the
 

colorimetric and froth tests.
 

Soybean saponins are the most widely studied perhaps because
 

of the economic uses of soybean in 4ood and feed industries. An
 

exhaustive study showed no adverse effects on growth, food
 

util!zation, blood counts, blood glucose, blood nonprotein
 

nitrogen and urine analysis or in gross or histological findings
 

post mortem, on chicks, mice and rats by soybean saponins
 

(reviewed by Birk, 1969). Saponins have also been reported to be
 

present in peanut (Dierhert and Morris,
s 58), navy bean, cowpea, 

northern bear. lima bean and lentil (Elicowics and Sosulski, 1982) 

but their nuiritional sign:ficance still has to estab!ished. 
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Table 1. 	Saponin content of mature seeds of several Philippine
 
indigenous legumes.
 

a 
Samp). 	 % Saponin Froth test
 

h.DniLr.s idala 
Batao A-53 0.27 	 + 

1-A ua ;.a~a rnni.SemLn 
Jaclbean A-I 0.11 	 ++
 

£.anaualla Diaiaa
 
Sword bean 	 A-9 0.06 +
 

A-4 0.09 +
 
9-4 0.19 ++
 
6-3 0.16 +++
 
8-6 0.0 +++
 
8-9 0.13 +++
 

tuLc.±a arnwrians 
Sabawel A-2 0.24 + 

6-i 0.12 ... 
6-2 0.22 ... 

Lima bean 	 A537 0.33 ...
 
A535 0.32 +
 
A544 0.17 ...
 

Sam-samo ing 7-2 0.44 	 nd
 

.Vnna .umhajLlala
 
Rice bean 46 0.33 nd
 

a 
Fat free basis: used soybean UPL Sy2 as standard with 0,63% 
sapon in. 
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Table 2. Saponin content of mature pods of eueral Philippine 
indigenous legumes. 

Sample 
a 

MSanonin Froth test 

J.n1.ir.s 
Batao 

.lblab 
A-15 
A-35 
A-37 
A-45 
A-51 
A-52 

1.63 
1.20 
1.20 
1.00 
0.98 
0.18 

4+ 
+­
4 

+++ 

Caaual ia ezasia~is 
Jackbean A-! 

.A-3 
A-5 

0.10 
0.74 
0.7 

+ 
+ 

fa.analdia niadlata 
Sword bean A-9 0.31 ++ 

Sabawel A-B 0.27 + 

.c.Li.air.a .t±nJa~tae 

Sam-samoino 7-2 0.67 ++ 

a 
Fat free 
saoonin. 

basis: used soybean UPL SY2 as standard with 0,63/ 
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ABSTRCT
 

Eight legumes indigenous to the Philippines were screened
 

for the presence of alkaloids. These are: batao on hyacinth bean
 

(Dizh.ac.hs labab), jack bean (laaaua-iLa eas£i:ncm.s), sword bean
 

sabawel (Cijiia ierr-aiea), pigeon pea (-Czaaui.caa.), lima 

bean (EbaEaQLus Iunaaias) and rice bean (ligaa umbhe..laja). 4 igh to 

very high levels of alkaloids were detected cnl;, in mature and 

immature leaves of pigeon pea, iack bean and sword bean. Soaking 

the leaves in water at 60 C for 60 mmn reduced completely the 

alkaloids. Soaking at 30 C for 30 to 45 min and at 45 C for 30 

min did not remove the alkaloids while soaking at 45 C for 60 min
 

and at 60 C for 30 rrin partially removed the alkaloids.
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INTRODJCTION
 

Alkaloids are a chemically heterogeneous group. They all
 

usually contain nitrogen usually in a heterocylic ring and many,
 

If not all, are basic. Classification of alkaloids is based on
 

the ring system present, e.g.. pyridine, piperidine, tropane and
 

isoquinoline (Robinson. 19?5), Due perhaps to differences in
 

their chemical structure, alkaloids nave varying pn)sioioaical
 

effects; among these are emetric, anesthetic, antihemorracic,
 

antispasmodic, tranquilizer, cardiac depressant, etc (Robinson,
 

1975).
 

The physiological role of alkaloids are not well
 

established. Some o4 the roles ascribed to alkaloids are: (I)
 

for protection against herbivorous animals, insect pests and
 

pathoge:,s, (2) for removal of toxic substances such as free
 

ammonia, (3) for regulation as co-enzyme or precursors of co­

enzymes or activators or inhibitors of enzymes. However, there
 

seem to be nc general observations that could be made for any of
 

these. That they are not simply waste products of metabolism
 

could be proved by the fact that 90 or more percent of plants do
 

not form them and do manace w~ell without them (James.
 

Alkaloids are considered anti-nutritional oecause in
 

general, they nave a bitter taste which could limit food intake
 

and some have toxic effects. Scme also have medicinal uses, thus
 

the interest in screenino for alkaloids !n plants could be due to
 

their potential medical and pharmacologic uses.
 

Aguinaldo et al (198 ) surveyed a total of 640 plant species
 

located in selected areas of Luzon and found 43 species belonging
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to 23 families representing 36 genera positive for alkaloids.
 

This study aimed at determining the oresence of alkaloids in
 

several Philippine indigenous food legumes and how they can be
 

removed by simple methods.
 

MATERIALS AND METHODS
 

Materials
 

Seeds of indigenous food legumes were obtained from the
 

National Plant Genetic Research Laboratory (NPGRL) of the
 

Institute of Plant Broeding and planted to obtain fresh materials
 

of leaves, pods and seeds for analysis. The followino legumes 

were studied: batao or hyacinth nean (QoLLOs LabLalb), pigeon 

pea (Caaaus c. aa), jack bean (Caaaa.LLa eansiarm.Ls), sabawel 

Qdu.c.uiaa a==Las or- aa.~eai) sam-sarnping (CL~iQ-k 

.aLalta), sword bean (Craaa1ia-'a ad.aLa) and rice bean (U1Lgqa 

umb.liaia). 

All chemicals used were of anaiytical orade.
 

Samples of seeds, leaves and pods were dried at 45 C for
 

48 hr, ground and passed through 40 mesh.
 

Analysis for Alkaloids
 

Screening for the presence of alkaloids was done according
 

to Hultin and Torsell (1965). Each sample (4 g dried materials,
 

40 mesh) was incubated with 40 mL of methanol overnight and then
 

warmed for 4 hr at 50 C. The mixture was fil tered; tne residue
 

was washed with 29 mL of methanol ana the combined extracts
 

evaoorated Ln vac.un. (2
-. The residue was SUsDendec in methanol 


ml) and 12 mL of 1% HCl aoded. The mixture was shaken and
 

filtered; another 8 mL of 1% HC was used to wash the residue.
 

101
 

http:eansiarm.Ls


The filtrate was made basic with concentrated NH3 and extracted
 

with tree 20 mL -f chloroform (Fraction A). The aqueous
 

solution was next made ha!f-saturated with sodium sulfate and
 

extracted three times with 20 mL cf chloroform: ethanol (3:2 v/v)
 

(fraction B). The oroanic phases were washed with 5 mL o4 half­

saturated sodium tulfate solution and dried with anhydrous sodium
 

sulfate.
 

The two extracts were evaporated separately La Lacuo and 1.0
 

mL of HCI and 1.0 mL of chloroform were added to each with
 

vigorous shaking. The aqueous phase from each was pipetted off,
 

filtered through cotton and Civi3ed into six portions. These
 

samples were tested with the foiloining alkaloid reagents:
 

Mayer's, Wagner's, Dragendorff's. Sonnenschien's silicctungstic,
 

and Hager's reagent. The amounts of p.,cpitate found were
 

compared to tnose resulting fron caffeic acid solutions.
 

Treatments for Removal of Alkaloids
 

T-wo hundred a of aried around sample was mixed with 250 mL
 

of distilled water. The mixture was placec in a water bath at 30
 

C for !5 min and centrifuged, and the supernate removed. The
 

residue was recentr~fuged and the remaining liquid decanted. The
 

residue was dried and subjected to alkaloid extraction and
 

analysis, according to Hultin and Torsell (1965).
 

The process was repeated for the following treatments: 30
 

C, 60 min; 45 C, 30min; and 45 C, 60mn.
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RESULTS AND DISCUSSION
 

Screening
 

Among the 8 legumes analyzed, only pigeon pea, jack bean and
 

sword bean were positive to highly positive for the presence of
 

alkaloids (Table 1). In these legumes, only the mature and
 

immature ieaves had alkaloids. Jack bean A-8, sword bean A-4, A­

9, and A-!2 had high levels of alkaloids in both mature and
 

immature leaves. Batao, sabawel, sam-sampina, and rice bean were
 

all negative to alkaloids in all plant parts analyzed, viz,
 

mature seeds, immature and mature pods, and immature and mature
 

leaves.
 

Leaves of pigeon pea have been reported to have many folk
 

medicinal ,ses sucn as for sores, jaundice, to expel
 

bladderstuies, skin irritations etc (Mortcn, 1976). Such
 

medicinal uses could be accounted for by the alkaloids. No
 

previous report on such alkaloids in pigeon pea has been made.
 

Jack bean has been reported to contain choline and trigonelline
 

(Duke, 1981) both nitrogen containing heterocyclic structures.
 

Choline is an essential nutrient for man while trigonelline is a
 

product from the metabolism of niacin; it is devoid of the
 

antiblacktongue activity and is quantitative!y excreted on
 

administration to man and dogs (White ot al 1973). Some folk
 

medicinal uses have been ascribed tc sword bean but not to jack
 

bean (Duke, 198!). Aguinaldo et al (!99 ) singuiarly found leaves
 

of D. J.Laab and L-. cajmn to be positive for alKaloids.
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Remoal of Alkaloids 

Simple treatments consisting of soaking inwater at 30, 45
 

and 60 C for 30 to 60 min were tried on leaves of pigeon pea,
 

jack bean and sword bean. Soaking mature leaves of these legumes
 

at 60 C and for 60 min was the only treatment which waF .;;ective
 

in removing the alkaloids completely (Table 2). Soaking at 45 C
 

for 60 min or at 60 C for 30 min decreased the alkaloid leve.
 

Similar results were obtained with immature leaves (Table
 

3). Only the 60 C - 60 min soaking treatment completely removed
 

the alkaloids from the immature leaves.
 

Young et al (1983) showed that total alkaloid contents of
 

wheat ergot sclerotia were reduced by 90% w~tnin 4 hr by
 

treatment usino chlorine and heat (150 and 200 C) but only
 

slightly (< 20%) by sulfur dioxide and hydrogen chloride.
 

Autoclavino eroot sclerotia at 121 C for 30 min reduced alkaloids
 

by 26% only. The need for chemical treatment in reducing
 

alkaloids in eroot sclerotia could be due to the difficulty in
 

penetration of the sclerotial tissues.
 

Remarks
 

This study icentified pigeon pea, jack Lean and sword bean
 

leaves as rich sources of alkaloids. The nature of these
 

alkaloids can be further studied as we!l as their physiological
 

effects and medicinal uses.
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Table 1. Alkaloid content of the ro..ature seeds, mature and 
izaature pods and inature and immature leaues of sine 
indigenous food legumes.
 

Variety/ 
Accession No. mature 

seeds 

Alkaloid content 
immature mature 

pods pods 
immature 
leaves 

mature 
leaves 

1A.ab 
Batao A-37 

A-45 
A-41 
A-52 
A-57 

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

Cajanus cajan BP-W 
Pigeon pea - nd nd +++ 

Rhbaseno1uis 

Lima bean A-508 
A-513
A-517 

A-525 
A-537 
A-538 
A-541 
A-544 
546 

-
-
.....­

-
-
-
-... 
-... 
-... 

nd 
-

-
-
nd 

nd 
-

-
-
nd 

nd 
-

-
-

nd 

nd 
-

-
-

nd 

Jackbean A-i 
A-3 
A-5 
A-6 
A-8 
8-8 

-
-
-

-
-
-

nd 
-
-
nd 
-
nd 

nd 
-
-

nd 
-

nd 

nd 
+ 

4++ 
nd 
+.. 
nd 

nd 
+ 
+ 
nd 

nd 

Ulutna 

Sabawel A-2 
A-5 
A-8 

-... 

-... 
-... 

Sam-samDing 7-2 - nd nd nd nd 
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Variety/ Alkaloid content 
Accession No. mature nmature mature immature mature 

seeds pods pods leaves leaves 

Swordbean A-3 
A-4 
A-5 
A-9-
A-12 

-

-
-
-

+ 
.-+++ 

++ 
+4+ 

+ 
++ 

+4+ 
+4* 

umbe-lia 
Rice bean 26 

28 
46 

nd 
nd 
nd 

nd 
nd 
nd 

nd 
-

-

nd 
-

Higly positive ...; positive +; negative 
nd, not determined. 

-
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Table 2. Removal of alkaloids from mature leaves of pigeon pea, jack 
bean and sword bean. 

Accession Treatment
 
30 C 45 C 60 C 

30 min 60 min 30 min 60 min 30 min 60 min
 

Pigeon pea .++ + +
 

Jack bean A-3 + + + - ­
A-5 4 + + + ­
A-8 +4 4++ ++4 + 4 +
 

Sword bean A-3 + +- ­
A-4 +. +++ 4++ + + ­
A-9 +++ '++ .+ + + ­

A-12 + + 4++ ++ + + ­

High'y posltve. + +: positive, +: negative - .
 

Table 3. Removal of alkaloids from immature leaves of pigeon pea, jack bean
 
and sword bean.
 

Accession Treatment
 
30 C 45 C 60 C
 

30 min 60 min 30 min 60 min 30 min 60 mnn
 

Pigeon pea + + +
 

Jack bean A-3 + + + - ­

A-5 4++ +++ ++ + ' ­
A-8 + 4-+ 4 + ­t .+. 


Sword bean A-3 ++ + + + ­
A-4 ++4 ++ ++ + + ­

A-9 +L+ ... .++ + + ­

A-12 +++ ++ ++ + + -

Highly oosit've, +++: positive, 4; negative, -. 
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ABSTRACT
 

Several accessiuns each ol seven different legumes were
 

screened for the presence of hemagglutinins or lectins. Jackbean,
 

sword bean and batao had consistently high levels of
 

hemagglutininins while lima bean had the least amount. Batao had
 

a strong hemagglutinating activity against human type A RBC while
 

otners had strong reaction with either or both raboit and human
 

type 0 RBC. Varietal differences were also ooservec.
 

Keywords: lectins, phytohemagglutinins, legumes, lima bean 

(1-b.aspealus Luma~ts L.), sword bean 4Canaualia gI diaia (Jacq.) 

DC.), jack bean (Canau.aa e_.isLarmLs (L.) DC.), sabawel (tiuna 

pi.mie.o.s a. . batao or hyacinth bean (folnictoscr-cb.iac.hiamas), 


Labab L.) and rice bean (Vigna umbal.aia Ohashi.).
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INTRODUCTI ON
 

Legumes with protein content ranging from 20-40% are an
 

important inexpensive sources of protein. However, they are
 

limiting in the sulfur amino acids -- cysteine and methionine.
 

Moreover, they contain substances which have adverse effects on
 

men and animals, and in extreme cases, can cause fatal poisoning.
 

These so-called anti-nutritional faczors include cyanogenic
 

glucosides, phytates, trypsin inhibitors, saponins, alkaloids,
 

and phytohemagglutinins or lectins.
 

Lectins are of special interest because of their ability to
 

bind saccharides and saccharide-containing proteins in a highly
 

specific manner (Liener. 1976). The toxic effect of lectins when
 

ingested orally could orobably be due to their ability to bind to
 

specific receotor sites on the intestinal epithelial cells which
 

thus causes a non-specif~c interference with the absorpt:on of
 

nutrients across the intestinal wall (Jaffe, 1980).
 

Although, hemagglutinins are pnoteinous in nature and thus
 

could be inactivated by heat, inacequate cooking of some legume
 

seeds has resulted in reoorted cases of food poisoning
 

characterized by nausea ana diarrhea. Slctv cocking or cooking in
 

large cooking vessels where temperature could only reach 70-80 C
 

will not destroy hemagglutinins but actually increase their
 

toxicity (Bender, 1983). Thompson et al (1983) showed that
 

heating presoaked and kidney beans at !00 C for 15 min or at 80 C
 

for 2 hr or pressure cooking (15 psi) for 45 min without
 

presoaking lowered the hemagglutinin activity to nondetectable
 

levels.
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Amono the seven kinds of legumes tested by Bender (1983)
 

kidney beans (Eb~ase.alus w±Lgaais.) had 50 times as much
 

hemagglutinin as those with low levels such as split peas (Las
 

r.i Iz.Laa4is) and black eye beans or cowpea (!j.nn.a .nnuj.cjulj.a),
 

Varietal differences in type and amount of lectins in thirteen
 

cultivars (Puztai et al, 1979) and variable stability to heat
 

(Bender, 1983) have oeen shown.
 

This study aims to investigate the presence of lectins in
 

underutilized Phiiippine indigenous focd legumes.
 

MATERIALS AND METHODS
 

Materials
 

Mature whole seeds of Philippine indigenous food legumes
 

were obtained from the National Plant Genetic Resources
 

Laboratory of the IPS.
 

Red bloods cells of rabbit, bovine, human A and human 0
 

types were obtained from Sioma Chemical Co. All chemicals used
 

were of the highest purity available.
 

Preparation of Crude Extract
 

Seeds were grouna and sieved through 60 mesh. Grouno
 

samples (250 mg) were extracted with 5 mL o4 0.90Y NaCl for one
 

hr in a shaker and centrifuqed for 15 min at 3000 rpm in a
 

Kubota KA-!O00 centrifuge. The supernate was analyzed for
 

hemagglutination immediately.
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Hemagglutination Test
 

To each well of the microtiter plates, the following were
 

added: 50 uL of phosphate buffered saline (PBS) pH 7.2, 50 uL of
 

crude extract (diluted 1:1 with PBS) and 50 uL of 0.57 trypsin­

sensitized RBC (prepared according to the orocedure of Sigma
 

Chemical Co.). The contents were mixed by gentle shaking and
 

hemagglutination reaction was alloied to take place overn~ght at
 

4 C. Agglutination was cetermined and rated 1, 4+, and ++4 for
 

slight, moderate and strong hemaggutinating activities,
 

respectively.
 

RESLLTS AND DISCUSSION
 

Among the food legumes tested, jack beans sword bean and
 

batao had consistently high titers of hemagglutinins (Table 1)
 

against rabbit RBC. Three out of five sabawel varieties had
 

hemagglutinating activity (HA). Lima had slight or no
 

hemagglutinatino activity wnile sam-samping and rice bean had
 

more.
 

The jack bean varieties had little or no HA with bovine and
 

Human A RBC: however they reacted strongly with human 0 RBC.
 

Sword bean showed sirrilar reactions although a certain accession,
 

sword bean A-9 was negative tc rabbit and bovine RBC but slightly
 

and strongly positive to human A and 0 RBC.
 

The reaction of Sabawe) A-2 was very different from the 4
 

other accessicns. A-2 reacted strongly to all 4 types of RBC
 

while the others had no, little or moderate HA to any I or 2
 

types of RBC.
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Satao reacted differently from jack Dean and sword bean in
 

that it had strong HA against human A RBC.
 

Jackbean is known to contain the lectin concanavalin A.
 

Diets containing raw jack beans and concanavalin A were lethal to
 

conventional quail but non-letha! to germ-free birds (Jayne-


Williams, 1973). Similar resuits with diets containing raw navy
 

beans (1aiseniLs uu 14acds) (Jayne-Williams and Hewitt. 1972).
 

Jayne- Jilliams and Hewitt (1972) have suggested that one are more
 

of the biological activities of phytohemagglutinins could
 

be to interfere with normal body defense mechanisms that the host
 

is not able to prevent normal!y harmless intestinal bacteria
 

which pass from the lumen of the gut to lymph, blood and liver.
 

Thus tne high activities of 7 out of 9 accessions of jack
 

bean studied could be attriouted to concanavalin . Lectirs in
 

swordbean are not well studied. Altamirano (1985) reported the
 

immunological simiiarity of lectin frorn sword oear witn tat of
 

jack bean.
 

Lima bean lectin had been shown to have a glycopeptide of
 

molecular weioht of 1380 and can be adsorbed by human blood
 

groups of A and 0 (:Misaki and Goldstein, 1977). The present
 

results showed slight hemagglutinating activity of lima bean
 

lectin to these blood groups.
 

Two hemagglutinins A and B had been isolated from D_-labla.b
 

(Salgarar and Sohonie, !965a ano b). Hemagglutinin a when fed
 

to rat at 2.5Y to level produced zonal necrosis of the liver.
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tu.cLUa. £ae.ILy-ea was shown to contain large amounts (about
 

14X of the protein) glutinin specific to human blooc B type
 

(Mbadineand Agogbua, 1978).
 

The results show varietal differences as well as possible 

differences in the active site for batao which nas stronger 

affinity to human blood type A than the other iectins. 
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---------------------- ------------------------

Table 1. Hemagglutinating Activity in Several Philippine
 
Indigenous Food Legumes.
 

RBC
 
Food legumes Rabbit Bovine Human A Human 0
 

Jack bean A-I .+ + - +++
 
Jack bean A-3 .++ + - +
 

Jack bean A-5 ... + - +4
 
Jac!( bean A-6 ++ + - 4+ 
Jack bean A-8 ++- - +4
 
Jack bean 8-6 +++ ++ - L+ 
Jack bean B-8 ++ - - ++
 
Jack bean 44 + - - ++
 
Jack bean 45 + - - ++
 

Sword bean 8-4 ++ - - ++
 
Sword bean B-9 ++ - -++
 

Sword bean A-4 + - 4 4++
 
Sword bean A-9 - - + ++ 
Sword bean A-12 ++ +.&+ ++ .+
 

Sabawel A-2 4++ 4++ ++ +++ 
Sabawel A-5 4 - + -
Sabawel A-8 4 - + + 
Sabawel 6-1 - - - ++ 
Sabawel 6-2 - - -+ 

Batao A-45 +4+ - +++ + 
Batao A-51 ++ + +4+ ++ 
Batao A-52 ++ + ++ ++ 
Batao A-57 ++ + +++ +4 

Lima Bean A-544
 
Lima bean A-537 + + ++
 

Sam-samning - -
Rice bean (PROC) - + 
Rice bean 
(Taoilan 28) ++
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ABSTRACT
 

Soaking up to 36 hr did not reduce the lectins of mature
 

green and mature dry seeds of sword bean as measured by
 

hemagglutination and double immunodiffusion (Oucnterlony)
 

technique. Fifteen min boiling of mature green seeds already
 

removed lectins although 45 min were needed to completely cook
 

the seeds. Mature dry seeds of swordbean A-4 took 45 min to
 

remove the lectins although another accesslon (A-9) took only 15
 

min. Cooking by boiling of whole seeds (without seed coat) cut
 

into 4 and minced or granulated resultec in removal of lectin as
 

determined by immunological method. However., hemagglutinating
 

activity was still detected in the whole and quartered seeds.
 

Cooking for 45 min inwater , 0.9% NaCl, coconut milk with
 

water and coconut milk without water resulted in removal of
 

lectin immunolooically but hemagglutinating activity was
 

maintained/increased in the second and third media. Autoclavinc
 

and roasting removed lectins as measured immunologically but not
 

the hemagglutinating activity,
 

Keywords: sword bean (Cl.ao.aLA njAdifa), lectins, 

ph/tohemagglutinin. hemagglutinin, detoxification, immuno­

diffusion, Ouchterlony technique. 
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INTRODUCTION 

Among the food legumes screened for lectins, swordbean is
 

one of those with high protein contents (22.58 - 28.05%) but 

which exhibits strong hemagglutinating activity (HA) (Barroga et
 

al, 1988). Since studies on this crop and its lectins are
 

limited, swordbean was chosen as material for the detoxification
 

(removal or inactivation) of lectins.
 

MATERIALS AiD IIETHODS 

Materials 

Two accessions of swordbean A4 and A9 were grown in clay
 

pots (30 cm in diameter) arranged 0.50 m apart from each other.
 

Flowers upon dehiscence were tagged for subsequent sample
 

collections.
 

Samples were classified as immature seeds. mature green
 

seeds anc mature dry seeds. Mature green seeds were oetoxified
 

fresh whi~e the mature dry seeds were taken as composite sample
 

before detoxification.
 

Lectin standard (concanavalin A), con A antiserum and red
 

blood cells were obtained from Sigma Cnemical Co. Bacto agar.
 

Other chemicals were of analytical grade.
 

Preparation of Crude Extract 

Ground samples (250 mg) were extracted with 5 mL of 0.907
 

NaCl for one hr in a shaker. The residue was removed by
 

centrifugation for 15 min at 3000 rpm in a Kubota KA-1000
 

centrifuge. The supernate was saved for analyses,
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Double Immunodi#fusion (Duchterly technique)
 

Bacto agar (1.5% (w/) . dissolved in pre-heatec 0.05 M
 

tris-barbital buffer. The solution was heated in a boiling water
 

bath until clear (about 45 min depending on total volume of
 

agar). After :ooling, 15 mL of the gel was poured into petri
 

plates (9.0 cm in diameter) and allowed to solidify. A 6-mm
 

hole/well was then punched into the gel using a gel ounch set at
 

2.50 cm apart from the center well, center to center. About 20
 

uL of agar was applied into each well to seal the bottom of wells
 

to prevent leakage of antigen/antiser\ into the plate. Forty uL
 

of undiluted antisera was placed into the center well; standard
 

concanavalin A / crude extracts were placed in the outer wells.
 

The plates were covered and t(ep in plastic boxes at 4 C.
 

Immunodiffusion was allowed to take place for 14 days, after
 

which the gels were flooded with 0.90% NaCl for 2-3 days to
 

remove unreacted anticen and or ant!body. The gels were then
 

washed and soaked in distilled water fcr another day'and later
 

stained with coomassie brilliant blue. The radii of precipitins
 

formed were measured. The amo'int of lectin was estimated by
 

logarithmic regression using a standard curve.
 

Hemagglutination Test
 

To each well of the microtiter plates the foilowing were
 , 


added: 50 uL of phosphate buffered saline (PBS), pH 7.2 was
 

added; 50 uL of crude extracts (dilluted 1:1 with PBS) and 50 uL
 

of 0.5 / trypsin-sensitized red blood cells (prepared according
 

to (Sigma Chemical Co.'s orocedure). The contents were mixed by
 

gentle shaking and hemagglutination reaction was allowed to take
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place overnight at 4 C. Agglutination titer was determined under
 

an illumination !amp and rated as +, ++ and ++ for slight 

moderate and strong hemagglutinating activities, respectively.
 

Hethods of Detoxification
 

Different treatments were employed to detoxify the lectins
 

in two swordbean accessions; soaking, boiling in water and in
 

different cooking media, autoclaving and dry neat treatment or
 

roasting.
 

I. Soaking
 

Twenty-five g of whole mature green and mature dry seeds
 

of swordbean A-4 and swordbean 0-9 were soaked in water at 1:2
 

(w/v) bean to water ratio for I to 36 hr. Soaked mature green
 

seeds were collected every hour for 4 hr anc at 4 hr interval
 

thereafter, while mature dry seeds were collected every after 6
 

hr.
 

2, Boiling
 

Twenty-five a of whole seeds were cooked in boiling water
 

for 15, 30, 45, and 60 min (up to 75 min for the mature dry
 

seeds) at 1:2 bean to water ratio, the volume of which was
 

maintained unti! the desired cooking time was reached. Coconut
 

milk (with and without NaCl). 0.9;/ NaCl and 1.0/ acetic acmd
 

were also used for cooking.
 

3. Autoclaving
 

Twenty-five g of whole mature dry seeds were autociaved
 

at 1:3 bean to water ratio for 15 and 30 min at 10 psi.
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4. Roasting
 

Twenty-five g of whole mature dry seeds were roasted
 

for 15 min and until coffee-like, which lasted for 55 min.
 

RESULTS ANDO DISCUSSION
 

The erythroagglutinin activity of detoxified swordbean seeds
 

was determined by its ability to specifically agglutinate bovine
 

RBC. The use of trypsinated bovine cells appeared tc be the most
 

useful tool for detecting potentially toxic beans, as shown by
 

Jaffe and Brucher (1972).
 

Lectin was alsc measured by double immunodiffusion
 

(Ouchterlony technique) using concanavalin A as standard.
 

Although the values obtained are only rough estimates
 
(the use of con A as standard is based on the premise that
 

jackbean and swordbean lectins are immunologically similar;
 

Altamirano, 1995), they provide oasis for determining percent
 

lectin lost during detoxification. Hemagglutinating activity was
 

also determined since the antigenic property of lectin may
 

disappear during heat treatment but not its other biological
 

properties.
 

Precipitins for standard con A were already evident after 5
 

days and for the samples-- 9-10 days, however, the precipitins
 

formed were not sharp. Sharpness of precipitins was optimum at
 

14 days.
 

1. Soaking
 

Results (Table 1) showed that soaking of tne mature green
 

seeds for 36 hr had little effect on lectin concentration as
 

determined immunologically and hemagglutinating activity, but
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consideraoly affect the organoleptic properties of the seeds. The
 

color changed from pink to brown and the seeds developed a slight
 

fermented odor. The former tcok place 3 hr after soaking with an
 

accompanying increase in seed size and breakage of seed coat,
 

while the latter became distinct 12 hr after.
 

Soaking of mature dry seeds fcr 36 hr removed only 16% ol
 

the lectin, but when soaked for another 6 hr the 'ectin
 

concentration dropped by approximately 29.6% (Tabie 2). This
 

coincided with physical changes such as swelling and partial
 

breakage of the seed coat, and the develooment of the distinct
 

fermented odor. In this ccnnection the loss of lectin may be
 

attributed to leaching, as the chance in seed coat permeability
 

and its rupture provide ease 4or diffusion to take place. On the
 

contrary, soaking of beans did not affect the emaq1lut~nating
 

activity of the !ectin, instead a slight increase in
 

hemagglutination was observed 4 hr after soaking. This was also
 

observed in scaked kidney beans, though the apparent increase
 

was considered insignificant (Thomoson et al., 1983). Bender
 

(1983) reported 18-66% decrease in hemagglutin activity after
 

16-18 hr soaking of kidney beans.
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Table 1. Effect of soaking at roon temperature on lectin contents
 
of mature green seeds of swrdbean. 

Sword bean 


Soaking Lectin (mo/ 

time(hr) g sample)a 


0 22.45 


1 16.69 


2 18.12 


3 14.30 


4 18.30 


8 9.21 


12 16.34 


16 20.52 


20 20.07 


24 18.45 


28 18.45 


32 18.45 


36 18.45 


a
 
Dry'basis (mg/g sample);

b
 

A-4 


Hemagglu-

tinating 

activityb 


+ 


-

-

-

++ 


++ 


++ 


++ 


++ 


+ 


+ 


+ 


+ 


Sword bean A-9
 

Lectin (mg/ Hemagglu­
g samplea tinating
 

activity
 

12.75
 

12.75 +
 

13.05 +
 

13.05 +
 

12.50 ++
 

16.15 ++
 

8.15 +
 

18.87 ++
 

5.94 +
 

11.15 ++
 

8.39 ++
 

11.55 +
 

!1.55 +
 

determined by immunological method.
 

No agglutination (-); slight (4), moderate (++) and strong (+4+)
 
agglutination.
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Table 2. 	Effect of soaking at room temperature on lectin
 
of mature dry swordbean seeds (Swordbean A-4).
 

Soaking time Lectin (mg/g)a Hemagglutinating
 
(hr activity b
 

0 25.58 	 ++
 
6 20.00
 
12 20.00
 
18 14.46
 
24 28.95 4+
 

30 19.34 ++
 
36 21.49 4+
 

42 15.13
 

a 
Determined by imunological method.
 
b
 
No agglutination (-); slignt (+), moderate (++) and strong (++)
 

agglutination.
 

2. CooKing
 

Cooking of mature green seeds in boiling -water or 15
 

min removed the hemagglutinating and antigenic properties of
 

swordbean lect;ns (Table 3). However, 45-min cooking is required
 

for the bean to be considered thoroughly cooked. Boiling the
 

mature dry seeds in water for 30 min removed only 86.20% of the
 

lectins and trace amount was observed in seeds cooked for 45 min,
 

as shown by a broad precipitin band formed in the immuno'ogicai
 

assay (Table 4),
 

Cooking of beans of different particle sizes (Table 5) for
 

1- 1/2 hr was insufficient to destroy the hemagglutinating
 

activity of lectins, although the immunological activity was
 

already destroyed. This can be attributed to impaired heat
 

penetration as the amount of sample used was ten times greater
 

than what was normal)) used for other detoxification experiments
 

(250 g per treatment), and the slurry was very v scous, This in
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Table 3. Effect of cooking in water on concentration and
 
hemagglutinating actiuity of lectins in mature green
 
seeds of.swordbean.
 

Swordbean A-4 Swordbean A-9 
Cookin -
time Lectin (ma/9 Hemagglu- Lectin (mo/g Hemagglu­

(min) sample)a tinating sample)a tinating 
ctivityv activity 

0 22.45 + 12.75 
15 - - ­
30 - - ­

45 - - ­

60 - - ­
overnight 
soaking - - ­

+ 45 min
 
cooking
 

a 
Determined-by immunological method.
 

b 
No agglutination (-); slight (+), moderate (4+) and strong (+) 
allolutination. 
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--------------------------------------------------------

- ------------- - --------------------

-------------------------------------------------------

Table 4. 	 Effect of cooking in water on concentration and hemag­
glutinating activity of lectins in mature dry sword ­

bean seeds. 

Cook~ng Swordbean A-4 Swordbean A-9
 

time ....................... .................
 

(min) Leciin (mg/ Hemagglu- Lectin (mg! Hemagglu­
9 sample)a tinating g sample)a tinating
 

activit>b activity
 

0 25.58 + 14.88 ­

15 23.00 ++ trace +
 

30 3.53 ++ ­

45 trace ­
60 ­
75 .
 
overnight ­
soaking
 
+ cooking
 

a 
Determined 	by immunological method.
 
b
 
No agglutination (-)I slight (), moderate (++) and strong (+ +)
 

agglutination,
 

Table 5. 	 Effect of cooking swordbean seeds of different particle
 

sizes on hemagglutinating and imunological properties
 
of lectins.
 

Particle size Lectin (m/9 Hemagglutinatino
 
samp'e)a activityb
 

++
cooked whole 


+seeds cut into 4 

(w/o seed coat)
 

-granules (with out 


seed coat)
 

+14.88
control 


a 
Determined by ir.,nunological method.
 
b
 
No allutinationg .-); slight (), moderate (++) and strong (++)
 

agglutination.
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agreement with the observation of Jaffe (1973), that heat
 

transfer is imperfect with a tough viscous mass like cooked 

beans, and in the absence of vigorous and constant stirring , the 

temperature reached in parts of the preparation is inadequate for 

the destruction of the lectin. Jaffe (1980) also suggested that 

a reduction in boiling point of water in mountainous regions may 

result in inconplete elimination of the lectin,
 

On the other hand, boiling of whole bean seeds separately in
 

0.9% NaCI and cocomilk (Table 5) did not destroy the
 

hemagglutinating activity of the lectin. When the two were
 

combined, HA was destroyed and a negative result was obtained,
 

Cooking in !% acetic acid similarly resulted in negative HA.
 

3. Autoclaving
 

Autoclaving of mature dry swordbean seeds for 15 min
 

desi-oyed only the antigenic property of the lectin but not its
 

hemagglutinating activity (Table 7) Further autoclaving for
 

another 15 min completely destroyed the lectin.
 

4. Roasting
 

Roasting removed the immunological activity of lectins but
 

was ineffective in destroying its hemagglutinating activity
 

(Table 8). The same result was obtaned by De Muelenaere (1964)
 

in some varieties of 2. .. _an.s.
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------------------------------------------------------------------

Table 6. Detoxification of lectins in mature green seeds of
 

swordbean 	by cooking in different media for 45 min.
 

Swordbean 	A-4 Swordbean A-9
 

Cooking Lectin (mg/ Hemagglu- Lectin (mg/ Hemagglu-

Meaia g sample) a tinating g sample)a tinating


activity b 	 activity 

-Water 


0.9 %NaCl - + 

Coconut milk -+ - +4 
(2:1, ccconut 
meat:water) 

Coconut milk ­

with 0.9Y NaCI 

X1I' AC 	
-

Control 22.45 + 12.75 

a 
Determined by immunological method,
 

b 
No agglutination (-); slight (), moderate (+4) and strong (444) 
agglutination.
 

Table 7. 	Effect of autoclaving on lectin activity of mature dry
 
swordbean seeds.
 

Swordbean 	A-4 Swordbean A-9
 

Autocla- Lectin (mo/ Hemagglu- Lectin (mg/ Hemagglu­
ving Time c samole)a tinating g sample)a tinating
 
(min) 	 activit b activity
 

15 min 	 + 

3 0 m i n - ... 

+++ 14.88 +Control 25.58 


a 
Determined by immunological method.
 

b 
No agglutination (-); slight (+), moderate (+) and strong (444) 

agglutination.
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Table B. Effect of roasting on sworbean lectins.
 

Swordboan A-4 Swordbean A-9
 

Treatment Lectin (mg/ Hemagglu- Lectin (mg/ Hemagglu­
g sample)a tinating g sample)a tinating 

activityb activity 

Control 25.58 +4 !4.89 +
 

Roasting for - + - + 
15 min 

Roasting until - + + 
coffee-like 

a 
Determined by immunological method. 
b 
No agglutination (-): slight (+), moderate (++) and strong (+4+) 
agglutination. 
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ABSTRACT 

Globulins comprise the largest fraction in rice bean seed
 

proteins and accounted for 56-60% of total proteins, with albumin
 

(17-26), prolamin (1.5-1.8%) and glutelln (3.2 to 4.2/).
 

When fractionated on Seoharose 48, globulins separated into
 

three peaks with molecular weights of approximately >700,000, for
 

the first peak, 17!.000 and 18,000 for Tapilan 28: 139,000 and
 

7,000 for Tapilan 46 and 60,000 and 3,000 for Tapilan PROC 1.
 

Albumins exhibited 3 major peat's and a minor one. The major peak
 

hd a molecular weight )210,000. The other peaks had: 75,000,
 

3,900 and 1,700 for Tapilan 28; 144,000, 14,800 and 2,000 for
 

Tapilan 26 and 56,000, 7,800 and 3,400 for Tapilan PROC 1. Both
 

albumins and globulins exhibited heterogeneity showing 7-10 bands
 

on polyacrylamide gel electrophoresis.
 

The most limiting amino acids were cysteine and methionine
 

with chemical scores of 38 to 597 on!y.
 

In vitro protein digestioility (IVPD) ranged for 82-86% for
 

the seed meal, 86-88.5% ior the albumins and 75.9 to 83.3% for
 

the globulins.
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Introduction
 

Food legumes have become a supplementary and even primary
 

source of dietary proteins in developing countries. As of 1975,
 

roughly 20% of the protein consumed by man is derived irom
 

)egumes (Pimentel et a!, 1975). The protein content of legumes
 

ranges 4rom 20-50Y, and oi the essential amino acids, the sulfur­

containino units nave been found to be limiting.
 

The nutritional contributlon oi leaumes may be increased by
 

improving no4 only the quantity but alsc the quality of seed
 

proteins avai!ab!e. in this regard, stuoles are teing done on
 

assessing the potentials of ind!Qenous legumes tnat are not
 

widely used as food, as a dietary source of protein, as well as a
 

genetic resource for the improvement of -he traditional 1eoume
 

crops.
 

Among the indigenous legumes to which the Institute of Plant
 

Breeding of the University of the Philippines at Los Baflos has
 

civen attention is rice bean (WgnzA -_1.h "tapilan'.
baia) or 


Rice bean grows in various tropical countries and some varieties
 

are being used as a cietary source of proteins in countries like
 

India, China and the Philippines. Although rice bean is reported
 

to possess a relatively low protein content of aporoximately 17/
 

(Mendoza et a', 1981), its characteristic resistance to pests
 

and diseases has raised considerable interest in breeding
 

resea-ches.
 

in view of the possibility that rice bean ma.y serve as a
 

protein source in human and animal diet, or as a genetic
 

resource, it is important that a biochemical evaikation of the
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protein quality of rice bean be done. This study was undertaken
 

to characterize and partially assess the nutritional quality of
 

rice bean proteins.
 

It is roped that this study ilould provide information that
 

would be usefue in the current thrusts for the imoovement of
 

legume protein production, particularly in studies on
 

rediscovering the indigenous legumes as a source of protein.
 

Materials and Methods
 

5.nuincp amd Rcpazai=LLnn nf eed Ramp-Les 

Dried seed samples of three accessions of rice bean were
 

obtained from the institute of Plant Breeding, College of
 

Agriculture, University of the Philippines at Los Banos (UPLB).
 

These accessions were 28 (yellow Drown), 46 (black) and PROC 


(maroon).
 

Seeds were ground to pass 60-mesh in a Wiley Mill and were
 

keoD in airtight containers at 4 C until used,
 

E-=Lia- Analysis 

KE.eldahl nit-ogen, crude fat. cruce ifiber, ash and
 

carbohydrate content ol the seed meals were determined according
 

to stanoard AOAC Drocedures (!975). Crude protein content was
 

calculated by multipiyinc KIeldahi nitrcoer b, a factor of 6.25.
 

Enough samples tc contain 6 mg protein each were hydrolyzed
 

in 3 mL of 6N KCI under nitrogen at !!0 C for 24 hr. The
 

reduced
hydrolysate was filtered and evaporated to dryness under 


pressure at 40 C. The residue was dissolved in 10.0 mL of 0.2 M
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pH 2.2 sodium citrate loading buffer. The resulting solution was
 

analyzed in an LK9 4150 Alpha Amino Acid Ana!yser using ULTPOPAC
 

11 cation exchange resin. Amino acid analysis was done at the
 

Institute o- Chemistry, University ci the Philippines at Los
 

Ballos.
 

The chemical score was cal.ulated as: 

chenical score = mo ef amino acid in I c testfood x 100 

mg o- amrno acid in 1 g reference 

orotein 

=ract~cnation of D-otens 'rom the seed meals w.as done 

bas.ed cn solubi ijv dif erences Csbo-ne, 199S . re whole seed 

meals were deiatted tr ce with n-nexare ,!:0 :v meal to 

solvent ratio) at 4 C with continucus stir-tn; io3 4 hr each. The 

defatted meal, which dic not differ aopeciabl- in appearance 

from the non-deiatted meals, was rept ir! air-tight containers 

;n a freezer untK* used. 

Demi..~l= D1~ %Ez.oiei E.ac_1_Lonqs 

One hunored mc of the defatted meals were placed in 

separate test tuces. Tw40-and-a-hal. mL nc . .laCl solution were 

added to eacn o, the samples. The -esultino mixtures were ixed 

in a Vorte genie rnxer, allowed :c stand for 30 min with 

occasional mixino. and centr'fuoed at 7.001) rem for 15 min. The 

cear supernates. which contained the albumins ano globulins, 

were decanted off and diluted to 5,0 mL with distilled water ar, 

their protein content analyzed. 



The supernatants were dialyzed against water at 4 C to
 

precipitate the globulins. The dialysates, which contained the
 

albumin fraction of the soluble oroteins, were analyzed for
 

protein.
 

The residues from the NaCI extraction were reextracted twice
 

more with 5Z NaCI usino the same nrocedure0 Protein content was
 

determined on the second and third extracts of soluble proteins.
 

The residues from the third extraction of soluble p'oteins
 

were extracted with ?0% ethyl alcohol. The ethanolic extracts
 

containing the prolamins exhibited colors similar to the color of
 

the seed coats of the whole samples.
 

The glutelins were extracted with 0.5M NaOH solution from
 

the residue. The alkaline extracts were brownish in color,
 

regardless of the color of the seed coats of the samples.
 

Ec±p.ar-a-L~a Ecrac.±onaLion oi.SaLLabLa Proieias 

Fifty g each of the dezatted rice bean meals were stirred in
 

0.5M1 NaCI (20 mLi I a of meal) at 4 C for ! hr. The slurry was
 

centrifuged at !2,000 x g and 4 C ior 20 min in a Sorvalil RC 5
 

centrifuge.
 

The clear extracts were dialyzed at 4 C against distilled
 

water until free from NaCI and precioitation of the globulins was
 

completed. The mixtures were centrifuged at 12,000 x g and 4 C
 

for 20 min. The precivitated globulins were washed wi.i
 

distilled water, collected and lyophilized to give a gray fluffy
 

powder for Acc 28 and brown powders for Arc 46 and Acc PROC I
 

The supernatants, which contained the albumin fraction, were
 

combined with the washings and were lyophilized. The albumin
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fraction of Acc 28 proteins was collected as a light yellow
 

powder while those of Acc 46 and Acc PROC I were both brown
 

powders.
 

The iyophilized albumin and globulin fractions were kept in
 

air-tight containers in a freezer until used for analysis,
 

Fifty myt samnles of each of the albumin fractions were
 

dissolved n 3.0 mL o4 0.05M,sodium Phosonate buffer oH 7.0. The
 

mixtures were passed throucn a W atman No. I Li!ter paper. The
 

filtrates were cnromatographec on Sephadex G-200 column (1.5 x 70
 

cm) using the same buffer. Three mL fractions were collected at
 

the rate of !2 rnt/hr usin; a Buchler 4rActomette Alpha 200
 

iutomatic fraction collec*or. The elut'on of 4he Protein
 

components was monitored by measurinq the aosornance at 280 nm.
 

The molecular weights of the eluted proteins were estimated using 

the calibration curve prepared with catalase (Mw 232,000), bovine
 

serum albutin (Mw 69.000) and cytochrome C ( l% !2,400). 

fi-alIcoAInn o_4The fllnnzL.n Ea.C.Lomns 

Thirty mg samp'es of each of the ciooulin fractions were
 

dissolved in 2.0 mL of 0.05H sodium phosohate buffer pH 7.0 in
 

0,5M1 NaCI and cnrronatoaraphed individually on the Sepharose 42
 

column (1.5 Y 70 cm), Three mL fiactions were co!lectec and a
 

total ol 150 fractions were obtained for each sample. Prote:n
 

was monitored b)- measurtng the absorbance at 280 nm. A
 

calibration curve was prepared with standards (thyroclobulin Mw
 

669,000, catalase Mw 210,000, bovine serum albumin Mw 69,000, and
 

cytochromec (Mw 12,000).
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DISC W I Pr + . 

The protein fractions were further characterized by disc gel 

electrophoresis following the modified Drocedure of Davis (1964). 

The molecular weights of polypeptide chains that comprise the 

protein fractions were determined by polyacrylamide gel 

electrophoresis in the presence o4 sodium dodecyl sulfate (Weber 

and Osborne, 1969). 

The digestibility of the protein 4ractions and the seed
 

meals were determined -inu-ilzn. foilowing the method of Hsu et al
 

(1977) using trypsin, chymotrypsin and peptidase as enzymes.
 

Results and Discussion 

fr1onimaL =m.S.Line D- R-izce Beaz SE2(4ds 

The chemical comoosition o4 the three varieties of rice bean
 

seeds is given in Table 1. Protein content is relatively low at
 

17-21% compared to other legumes. The reoorted average value of
 

the protein content of rice bean seeds is 20.9A (Duke, 198!)
 

which is not very different from that obtained for Taoilan 46.
 

Table 1. 	 Proximate composition of seeds r f three rice bean
 
varieties.
 

Accessions Moisture Protein Fat Ash Fiber NFE
 
(Y) (*) () (%) 

28 8.97 16.82 3.46 4.31 7.43 64.73
 

46 8.64 21.42 3.77 4.58 6.55 61.09
 

PROC 1 9.16 17.26 4.03 3.99 5.22 63.74
 

a 

Exceot for moisture, values are expressed on dry basis.
 
NFE, nitrooen-free extract.
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The fat content of rice bean is 3-4% is well in agreement
 

with previous reports of 3.9% (Duke, 1981). The seeds are good
 

sources o4 carbohydrates, more than half of their weights being
 

due to caroohydrates (61-65'1). Crude fiber and ash are within
 

range of the reported values of 5-7% and 3-4% resoectively 

(I'endoza et a', !981). 

Ezz-11 fl~na~n±n-4ii.Ion .anAdh nil±be .Saezd aotain~s
 

The distribution of orotein in rce bean as determined from
 

Osborne fractionation is civen inTable 2. Like most legumes.
 

the globulins comprise the largest fraction and accounted for 56­

60% of the total proteins. Albumins :ontributec 14-17Y,
 

glutelins 3-4% and the prolanins composed the smallest fraction
 

at 1.5 - 1.8%. The total nitrogen extracted was in the range of
 

76-83%.
 

Table 2. Distribution of total protein in rice bean seeds.
 

Amount of protein
 
Fraction (aIt00 g seed meal)
 

Acc 28 A-c 46 Acc PROC 1
 

Albumin 2.90 + 0.28 (17) 3.80 + 0.42 (18) 4.45 + 0.42 (26) 

Globulin 9.51 + 0.87 (56) 12.89 + 0.93 (60) 9.96 + 0.56 (58) 

Prolarnin 0.26 + 0.08 (1.5) 0.38 + 0,07 U.8) 0.28 + C.05 (1.6) 

Glutelin 0.71 + 0.12 (4.2) 0.82 + 0.09 (3.8) 0.56 + 0.09 (3.2) 

Residue 3.44 (20) 3.53 (16) 2.01 (12) 

a 
Values are average of three replicates.
 
b
 
Difference between total protein and sum of solubilized protein.
 

Pertent of total protein in parentheses.
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Gopinathan et al (1987) reported globulins to constitute 36­

54% of total seed proteins in several populations of Uliga minlma.
 

and Lin.umbillaa. Studies done on ether legumes reported similar
 

values for the globulin fractions. In Ebasalu.s seeds, 56-61% of
 

the proteins were globulins (Pant and Tulsani, 1969; Powriep
 

1961). Bhatty (1982) reported that globulns comprised 66.5% of
 

the total proteins in mungbean and 62.7% in peas.
 

The contribution of the albumins ootained for rice bean were
 

3iightly higher that the reported value of 7Y in cowpea
 

(Hernandez et al 1982) and 8.1% in muno bean (Bhatty. 1982).
 

Chickpeas, hasealus. seecs and oeas exhioited similar values as
 

rice bean at 12.2%, 13. and 14.17. of abumins in the total
 

protein, respectively (Bhatty. 1982).
 

The amount of nitrogen extracted is simi!ar to the 74-82Z
 

solubilization reported by Evans and Kerr (1963) and Powrie
 

(1961). On the other hand, J2bunathan and hertz (1973) reported
 

a low 70% nitrogen recovery using -fractionation procedure of
 

Osborne.
 

Differences in solubilization of nitrogen may be due to
 

factors other than those inherent in the seed samoles. These
 

factors may be extraction temperature, meal-solvent ratio and
 

particle size of the samDle (Smith et al, !959% Cagampang et
 

al, !966). it is also reported that the alcohol and glutelin
 

fractions tend to gel and thus cause losses in extractable
 

nitrogen 'Jambunathan and Mentz, 1973).
 

The prolamins and glutelins comprise a very small fraction
 

of the total proteins of rice bean. Aithouoh that they are a
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part of the nutritional contribution of the rice bean protein.
 

most of the succeeding analyses were done on the two major
 

protein fractions, the albumins and the globulins.
 

The albumin anc clobulin fractions obtained were all 

colored. The a)bumins of Acc 28 was light yellow while the 

globulins were slightly gray. The protein fractions from Acc 

46 and Acc PROC 1 were reddish brown and dense. These two 

latter accessions gave albumin and globulin fractions of higher 

nitrogen content than Acc 28, as shown in Table 3. 

The globulin fractions were of higher nitrogen content than
 

the albumins of the same variety. It is believed that rtre non­

nitrogenous materials that are also soiub!e in water contaminate
 

the albumins than the olobulins, Moreover, the carbohydrate
 

moities that are attached to the Proteins tend to vary. A
 

determinaticn of the starch content of the albumin fractions of
 

some legumes revealed only traces of starch in faba beans and
 

peas but 1.8% in mung bean albunin (Bhatty. 1982). The prctein
 

fractions of cowpea were also found ocsitive for glycoproteins
 

Hernandez et al, 1983). 

Table 3. Protein content of albumin and globulin fractions 
isolated from rice bean meal (g/10O g protein 
extract). 

Variety Amount of Protein (%)
 

Albumin Globulin
 

Acc 28 39.32 68.82
 

Acc 46 53.46 76.53
 

Acc PROC 1 52.64 71.62
 

140
 



Eell Ell ainn-.

The albumins exhibited 3 major peaks and a minor one (Fio.
 

1). All of the first fractions were e'uted near the exclusion
 

limit of Sephadex 6-200 corresponding to molecular weights
 

greater than 210.000. The estimated molecular weights of the
 

other fractions are 75,900, 3,900 and 1,700 for Acc 28;
 

144,000, 14,800 and 2,000 for Acc 46 and 56,000, 7,800 and 3,400
 

for Acc PROC 1. With the exceptlon of the third fraction of Acc
 

46, the molecular weights of the 3rd and 4th fracticns were
 

extrapolated from the caihbration curve. The mclecular
 

weights of the corresponding fractions of the albumin samples
 

differ markedly but the elution pattern are quite similar (Fig.
 

1). Cowpea albumins had only 3 peaks (Hernandez et al., 1983),
 

with the first fraction also comng out near the void volume.
 

The globulins separated into three fractions each, the first
 

one in all of the samples eluting at the void volume of Sepharose
 

48 (Fig. 2) with molecular weight greater than 700,000. The
 

approximate molecular weights of the other fractions are 175,000
 

and 18,600 for Acc 28; 138,000 and 7,000 for Acc 46 and 60,000
 

and 3,000 for Acc PROC 1. The molecular weights o4 the thirc
 

fraction of Acc 46 and Acc PROC I were extrapolated from the
 

calibration curve for Sepharose 4B. As in the albumins, the
 

molecular weights of the fractions differ but the elution
 

patterns of the globulins were very similar. A similar run on
 

cowpea gave 3 protein peaks with molecular weights from greater
 

than 700,000 to 27,000 daltons (Hernandez et al, 1988).
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PnI'AZI.aiAe.d iel l±2fllSA
 

The albumins exhibited 9 to 10 bands of varying intensities
 

(Fig. 3). The major suounits for the three varieties had similar
 

mobilities from Rf 0.17 - 0.27. The samples gave two to three
 

major subunits which may be of similar charge densities. The
 

fast moving subunits of the aloumins were lightly stained or
 

diffused. Similarities can also be observuc among the fast
 

moving subunits such as the wide diffused band near midoel and
 

the three lightly stained narrcj banos from Rf 0.8 - 1.0.
 

The globulins gave 7 to 8 I-ands. with the majo" sun-units
 

appearing as a wide, intense band around midge! and a narrower
 

zone at Rf 0.2 - 0.4 (r.a. 4). Again, the majcr subunits for
 

each of the varieties appeared to be quite similar. Tne disc gel
 

oattern of Vdcia I.i.a also showed major bands at Rf 0.1 0.3
 

(Mcleesten et al, 1973).
 

Electrocbuetyic Patterns oz albumins ard globulins of other
 

legumes had varying number of protein zones for each legume. Hu
 

and Esen (1982) isolated soybean albumins and globulins which
 

gave rise to 50-60 major subunits. Albumins of Ebas.BDIus
 

mLIL~ax.i.s gave at least 68 bands while the globulins exhibited an
 

extremely diffused banding pattern. (McLeester et al, 1973).
 

The major polYoeptioes of the albumin and globulin fractions
 

were determined by SDS-nolyacrylamide gel electroohcresis Fig.
 

5-6). The albumins gave three oo five -ine we' -stained bands
 

corresponding to po~ypep-ides with molecu!ar weights over 66,000.
 

The samples gave two major polypeotides each but the apparent
 

molecular weights of these major units differed from ore sample
 

to another. For Acc 28. the major units had molecular weights of
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22,000 and 50,000 daltons. The polypeDtides of Acc 46 were in
 

the range of 55,000 and 37,000 and those of AccPROC ! had
 

molecular weights of 29,000 and 36,000. Therp were several
 

lightly stained bands and each electrophoretogram was
 

characterized by a diffused band at Rf 0.4 to 0.8.
 

The globulins exhibited four to five very closely spaced
 

bands representing polypeptides with molecular weights over
 

66,000. Major subunits occurred in a narrower range of molecular
 

weights than the albumins, from 70,000 (extrapolated) to 45,00.
 

The heterogeneity observed frorn the protein fractions has
 

also been seen in other legume species 'Bhatty, 1982: McLeester,
 

1973, Hu and Esen, 1982). S:m:lar observations were also
 

reported in rice by Iwasaki et al (1982).
 

One o* the main causes of heterogeneity and multiplicity of
 

a few kinds of subunits Is the occurrence of genetic variants
 

arising in several minor bands (Shatty, 1982). Other causes are
 

post-translational, amor' which is the occurrence of several
 

degrees of oligomerization resulting to a series of sedimentation
 

coefficients. There is also a possible interchange of some of
 

the suounits, the contigent variation in size and the nature of
 

the bound carbohydrate groups (Mosse and Pernollet, 1982).
 

Am ina Arid Comp~asiiioa 

The amino acid composition of the seed meals and the protein
 

fractions are given in the Table 4. TryDtophan was not
 

determined. Only acid hydrolysates were analyzed, thus cysteine
 

and methionine are underestimated since these are destroyed during
 

acid hydrolysis.
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Except for the sulfur-containing amino acids, all the other
 

essential amino acids determined hac chemical scores above 60%
 

and some exceeding 100% (Table 5). The most limiting amino acids
 

were sulfur-containing units, cysteine and methionine. Chemical
 

score for lysine, as expected of legumes, were high, reaching
 

174% ;n the albumin fraction of Tapilan PROC i proteins. 

The chemical scores for the meals and the protein fractions 

of Acc 28 and Acc 46 were from 38:/ to 59/ and were based on the 

limiting cysteine and ffiethonine ievels of 0.36 - 1.07 o and 0.85 

- 1.43 g per 100 g protein respectively. 
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------------------------------- --------------------------- ----------------------------

Ubi~te 4. Owiz afck content of dried defatted seed samples of Acc 29 46 and PROC 

I amt tbeir soluble protein fractions (g aa/lOOg protein). 

Acc 28 Acc 46 Acc PROC
 

Albumn Globuin Defatted Albumin Globulin
 

A:'no Acic Mea* Meal Meal
 
De~atted Aloumin Globulin Defatted 


ysine 7.17 3.98 5.83 7.46 6.16 5.91 7.49 9.59 7.57 
2.181.81 2.12 3.22 2.46L-:stiolne 3.19 1.62 2.4E 3.18 

Aro nne -.35 3.53 5.08 6.02 3.08 4.50 6.45 3.93 4.22 
11.30 8.21 9.23 !2.1 12.36 10.20Asoart c acid 11.96 8.36 10.30 

Tireon:ne 3.84 3.63 3.05 3.48 2.48 2.96 3.82 5.79 3.70 

4.79 2.98 4.31 5.09 4.29 3.83
Se-ine 5,St 4.18 3.88 
Glutam!c acid 1S.2Z S.14 14.66 17.15 11.53 !5.50 17.16 18.03 15.07 

Proline 4.6 3.67 2.66 3.75 2.87 3.73 3,79 3.65 ?.89 

G8ycine 4.18 3.3: 3.67 3.93 3.51 3.52 4.30 5.27 3.90 

3.70 4.40 3.85 4.03 4.68 5.53 3.64
Aianine 4.7E 3.5/ 

.21 1.07 0.91 0.36 0.62 p.57 0.44 trace trace
Cystne 


Jal ine 4.54 2.83 4.39 4.75 4.63 4.61 5.08 8.03 6.89
 

0.85 0.86 0.96 1.43 0.85 0.79 0.52 0.69
Methionine 1.19 

5.68
!soleuCne 3.35 2.86 4.04 4.19 4.18 4.02 4.14 6.36 


Leuc. ne 8.28 4.08 6.68 7,88 7.25 
 8.36 8.29 9.48 10.51
 

Tyoslne 3.32 2.53 3.14 3.11 3.56 3.64 3.11 4.97 4.23
 
5.04 5.94 5.94 7.14 7.61
Phenyllar'n.ne 5.97 3.16 5.36 5.43 


Chemical
 
35 15 20
Score %X 43 55 51 38 59 41 


a 
Calculated basec on the amino acid scoring pattern prepared by =AOAJHD (1973).
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Table 5. Chemical score of seed meals, albumin and globulin fractions
 
of three rice bean accessions.
 

M=- PHE c
 
SAIPLE ILE LEU LYS CYS TYR THR VAL HS
 

Acc 28
 

Seed meal 96 118 130 43 155 96 91 133
 
Albumin 72 58 70 55 95 91 57 67
 
Globulin 101 95 106 51 142 76 88 103
 

Acc 46
 

Seed meal 104 113 136 38 142 87 95 132
 
Albumin 104 104 112 59 143 62 93 75
 
Globulin !00 119 107 41 160 74 96 88
 

Acc PROL 1
 

Seed meal 104 !18 136 35 151 96 102 134
 
Albumin 159 150 174 15 292 144 161 102
 
Globulin 142 135 138 20 197 92 138 9!
 

a 
Caiculated based on the orovisicnai amino acid scoring pattern oreoared 
by FAO/WHO (973). 

b 
Underestimated values, will be re-analyzed: rice bear meal Cys + Met 
chemical score accopd!ng io Duke (1991) in 89%. 

c 
Food and Nutrition board reauirement of albino rat or infant (1963),
 

Data on amino acid composition of rice bean col)ected by 

Duke (1991) showed that the meal contained 2.5 g methionine and 

0.7 g cysteine in 100 g orotein. At these levels, the sulfur­

containing amino acids are no longer limiting. CoMoined cysteine 

and methionine levels would ive a chemical score of 113%. 

Thc actual chemical scores of the rice bean samples used 

should orobably be hiaher than those ontained in this study 

since acid hydrolysis tend to oxidize and : nder undetectable 

some cysteine and methionine (Schram et al , 1954), 
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The albumin fractions of Acr 28 and Acc 46 were found to
 

contain higher methionine and cysteine levels than their
 

counterparts. This is similar to the flndings of Bhatty (1982)
 

in his study of the albumin fractions of some food legumes.
 

All samples exhibited high levels of aspartic and glutamic
 

acids. !n Acc 28 and Acc 46, the two amino acids were highest in
 

the meal and lowest in the albumin fraction. A different trend
 

is observed for Acc PROC 1 where the aspartic acid and glutamic
 

acid were highest in tne albumin fraction.
 

A closer inspection of the aminograms (not shown) of the
 

samples showed that the seed meals exhibited an additional peak
 

in the red region which eluted before aspartic acid. Literature
 

showino similarly Dositioned peaks that strongly absorb at 440 nm
 

identify these as hydroxyprolhne (Andrews, in Prctein Chemistry
 

Notes, a publicaticn of LKB Biochrcrm Ltd.). The peaks were not
 

quantified due to the absence of the amino acid in the standard.
 

The aminogram of the globulins ano the aloumins did not show this
 

peak suspected to be hydroxyproiine since this amino acid is
 

expected to 
be present, along with greater amounts of proline. in
 

the prolamine fraction of the proteins. The albumin and globulin
 

fractions had nitrogen recoveries between 67-98% with the
 

exception of 
 Acc PROC I which had a nitrogen recovery of 98%.
 

The recovery from the whole seed meals were consistently high at
 

92-93%. Reported recoveries of nitrocen in amino acid analysis
 

of protein fractions usually lie in the range of 76-92% (Bhatty,
 

1982; Reichert and McKenzie, 1982).
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The albumin fractions were found to be most digestible with
 

86.10 - 88.47% digestibility, almost parallel in value to the
 

casein standard used which had as In mi.Lto dioestblity value
 

of 88.50% (Table 6).
 

The raw seea meals exhibited digestibilities of 82-85%,
 

slightly higher than the 80 digestibility of munobean and 74%
 

for cowoea (Mendoza et al , 1982, Hernandez et al, 1983). A 

similar determination on other- ?ilippine Indigenous legumes
 

reported digestibility values of 69 - 77% (Mendoza et ai , L982). 

The globulins were least digestible at 75 - 83% contnary to
 

the greater digestibility obtained for globulins in cowpea
 

compared to alhum;ns (Hernandez et al, 1983). The authors
 

attributed the difference in the digestibilities of the fractions
 

to the higher trypsin inhibitor activity (TIA) of cowDea
 

albumins. Although the trypsin inhibitor activities of the rice
 

bean meals and the protein fractions were not determined, Mendoza
 

et al (1982) recorted a low TIA.of 5-7 units/mg sample. Duke
 

(1981) reported the absence of both trypsn and chymotrypsin
 

inhibitors in rice bean. 
The low level or absence o4 trypsin ano
 

chymotrypsin 
 inhibltors may account for tne high digestibility
 

values of rice bean.
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Table 6. 	1n u!.to protein digestibility of seed meals and 
protein fractions of rice bean, 

Sample 	 X Digestibility
 

Acc 28
 

Seed meal 85.70
 
Albumin 88.43
 
Globulin 83.34
 

Acc 46
 

Seed meal 83.13
 
Albumin 88.47
 
Globulin 79.11
 

Acc PROC 1
 

Seed meal 82.!9
 
Albumin 86.10
 
Globulin 75.92
 

Casein (standard) 	 $8.50
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Fig. 1. 	Elution patterns of the albumin fractions 
of Tap ilan 28 (A), Tapilan 46 (B) and 
Tapilan PROC I (C) in Sephadex G-200, 
0.05M phosphate buffer pH 7.0. 
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Fig. 2. Elution patterns of the globulin
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CHARAC.TERIZATION OF SEED PROTEINS FROM SAMWEL
 
(k1i RU2LLES) AND SAM-SAiIPING (CL1IJ IERNATE)
 

Rocn-cuez anc Eve&vn t~a 1. eoz 

Ins;-tute of 0lant Rneedmn, Colieoe of Aoniculture 
Unh.versi ty o-; 'he Pn :o0ne5 Los 2ar~cs 
C.-'ee. LaCU13 4031. PInilho es. Please addrs 
corres.1ole.1:e to EMT.. 

ABSTRACT 

Seed crote~is o4 sat 3we LL.uLa. =u--iam ar_ 

ai.- sam ncandBSh.sr. o -=.La .Laoiaiaal .ere 

rac4tor '7?-?7 J t - a': um''r a-: ou~oi navinc sriitar 

OD'~~~)~I~ and ~a'r a- .~ tv 

Albur~ns c+ sana~qe*, cOS54orss2icc'e-ns '+3 :eu4 e'h 

(mw) from 2i . !0 to '52. -10 arc! a Doype:7;de o-4 low mw 60) 

Wbum ins o4 sarr.-sampinc had lar'oer ,r.!. cornst:tuents: 7.7C-. 

2,150 7:3,10C ano 43C,001). glooflins had 'arer proteins, 

37.tOC to Y70DDO forn ti~e two leoumes. 

Electro~hores~s of the -raot!ons revealec that *he 4ractions 

and sub-+rac!:ons Ae-'e mostly heteroczeneous. M1ethion:ne --cn"tents 

of tie iac::ons were =eterrr.!ed. 
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INTRODUCTION
 

The seed proteins of sabawel (Iiucuza prris o 

.rhj:j ein s.is and sam-samping (.1ijinna 1ea.tea) were 

fractionated according to solubiity and size and characterized.
 

This study is in line with our efforts to obtain a better
 

understanding of legume seed proteins towards improvement of
 

their nutritional quaifty.
 

MATERIALS AND ETHODS
 

ana.a-timo 

Dried seeds of Sabawel A-8 and Sam-samping 7-2 were obtained 

from the Institute of Plant Breeding. The seeds were ground to 

pass 60-mesh in a L4iley mill and were stored in air tight 

containers at 4 C before 4racticnation, 

Iectn..oaian;. a4- %2rrneinL Er~ac.±L.ions 

Based on the Osbor ? fractionation scneme :Osborne. 1898).
 

proteins of the seed samples were classified according to their
 

solubilities in different solvents: albumins, water-soluble;
 

globulins, salt-soluble: prolamins, alcohol soluble and
 

glutelins, alkali-soluble. The amount of the seed proteins of the
 

2 samples studied were determined on a test tube scale. All
 

operations were carried out at 4 C.
 

Two hundred and fifty (250) mo of ground and defatted sample
 

were placed in screw-capped test tubes. Five mL ox 0.5 M NaCl
 

solution at pH 7.5 were added to each sample and the resulting
 

mixtures were shaken for one hr in t e Roto-toroue at setting 6.
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The mixtures were allowed to stand for 15 min before decanting
 

and centrifuged at 12,000 x g for 20 min. The supernates, which
 

contained the globulins and albumins, were decanted off and
 

diluted to 6 mL with 0.5 M NaCl solution. From these, 0.3 and
 

0.6 mL were taken and separately spotted on filter paper discs
 

(1.5 cm diameter, Whatman no. 7) and dried. The discs were
 

digested and analyzed for nitrogen by the Kjeldahl method (AOAC.
 

1980). Blanks were run using the discs only.
 

The rest of the supernates were dialyzed against distilled
 

water to precioitate the olobulins, The dia!ysates, which
 

contained the albumins, were lycohilized.
 

The residues were reextracted *oir times more with 0.5 M
 

NaCl using the same procedures, After the fourth extraction, the
 

residues were then extracted three times with 70% ethanol (v/v)
 

to determine the amount of prolamins. The supernates from each
 

extraction were diluted to 5 mL with distilled water and analyzed
 

for protein using 0.5 iL aliquots on filter paper discs.
 

Glutelin was extracted from the resulting residue with 0.05 M 

NaOH solution. Three extractions were also performeo. The 

supernates obtained were also diluted to 5 mL and a 0.5 mL 

aliquot was analyzed for orotein. The alkaline extract of 

sabawel was brownish in color while sam-sami:ng had a dark brown 

alkaline extract. 

E-ap aiLAe E.alia.oaiIaa o Sam=a.moiar and SabaweL dealS 

Thirty g each of the defatted meals were stirred in 600 mL
 

of 0.5 M NaCl solution 4or 4 nr at 4' C. The slurry was then
 

filtered and dalyzed against distilled water to precipitate the
 

globulins. Both the precipitate (globulins) and dialysates
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(albumins) were yophilized and stored dessicated in air tight
 

containers in a freezer.
 

Extraction was carried out on both hulled and dehulled
 

seeds. Dehulled seeds gave higher protein values and hence their
 

proteins were used for gel filtration.
 

fiel ELi t aLnn nf .Ibe A1.bumim .Erar Lin 

Fifty mg of the albumin fractions of sam-samp:ng and sabawel
 

were dissolved in 3 mL of 0.05 M sodium ohosphate buffer pH 7.0.
 

The mixtures were centrifuged in an Beckman Mini Centrifuge for 5
 

min. The clear supernates were applied with a pasteur nipette on
 

the top of the gel bed of the Seohadex G-200 column (2.5 x 62
 

cm). Five mL fractions (!10 drops) were collected at the rate of
 

10 mL/hour using an LKB 21'2 Redi-Rac fraction collector. A
 

total of 500 mL were collected, The elution oattern of the
 

protein components was non~tored by measuring the absorbance at
 

280 nm. The fraction numbers corresponding to ihe oeaks were
 

pooled and dialyzed against distilled water for twenty four
 

hours. The resulting dialyzates were lyophilized and stored in a
 

freezer.
 

Molecular weights if the eluted proteins were estimated by
 

using a standard curve obtained using the following standards:
 

ferritin (MW) (MW440.000) bovine serum albumins (WW69,000) and
 

cytochrome C (iW 12,400).
 

2.repaaiLama-- theib.Sajibarcisp AS ci= 

The suspension of the Sepharose 4B was washed and 

equilibrated with 0.05 M sodium phcsphate buffe-, pH 7.0, in 
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0.05M NaCl. The slurry was deaerated and poured into a
 

chromatography column (1.5 cm x 83 cm). Three bed volumes of the
 

eluent buffer were run through the gel column at a water pressure
 

of 42 cm and a flow rate of 16 mL/hr. Blue dextran was used to
 

determine the void volume. The following standards were used to
 

calibrate the column: thyroglobulin (MW 669,000), ferritin (M
 

440,000). and bovine serum albumin (MW 69,000).
 

Gal Eir-atinn ai ib - Sioau.Iin Er-aria.
 

Fifty mg samples of the olobulin fractions obtained from
 

samn-samping and sabawel were dissolved !n 2 mL of 0.05 M sodium
 

phosphate buffer, pH 7.0. ;n 0.5 M NaCl. The mixtures were
 

applied and chromatograpned on the Sepharose 48 column, Three
 

and one-half mL fractions were collected and a total of 100
 

fractions were obtained for each run. The elution patterns were
 

monitored using a Beckman Spectrophotometer at 280 nm. The
 

molecular weights of the peaks were estimated usinq the prepared
 

calibration curve. As with the fractions obtained from the
 

albumins, the fractions corresponding to each peak were pooled
 

and dialyzed against dIsti!Icd water. The precipitates were
 

lyophilized and stored in a freezer.
 

Sodium Dadc.cx.1 Su.Laia 2oLxacY4amid 2. & siss
Ei.LIorabp 


E.S-S-P__E)
 

The albumins and glotulins together with their resvective
 

fractions as obtainec from gel 4iltration were subjected to SDS-


PAGE, according to Weber and Osborne (1869).
 

The proteins were stacked at 4 mA/tube for 20 minutes.
 

Electrophoresis proper was carried out a 8 mA/tube until the
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tracking dye was within I cm of the bottom of the gel tube.
 

After the run, 
 the gels were rimmed out and stained with
 

Coomassie brilliant blue R (1.25 q Coomassie olue 
in 454 mL 50%
 

methanol and 46 mL glacial acetic acid) for 5 hr. The gels
 

were destained in 7.5% acetic acid containing 5% methanol for
 

5 hr a Biorad diffusion destainer and stored in tubes containing
 

the destaining solutions. A calibration curve was prepared by
 

plotting the mobilities of protein standards aoainst the natural
 

logarithms of their known molecular weights. 
 The molecular
 

weights of the polypeptide sub-units were obtained from the
 

standard curve.
 

.DR~exm-i.o.a.U=o DI .Ctej~ne .andfrl-b-inninw 

Cysteine and methionine contents of the fractions were 

determined on acid hydrol;sates of samples previously 3ubjected 

to performic acid oxidation, on a Waters-Millioore HPLC system. 

RESULTS AND DISCUSSION
 

Seed Protein Distribution
 

The distribution of proteins in sabawel and sam-samping
 

determined using the Osborne fractionation is shown in Tables I
 

and 2. The globulins comprised the largest fraction and
 

contributed 73-75% of 
the total proteins; albumins contributed 8­

10%, glutelins 10-12.5% and pnolamins 0.6-0.8%.
 

Studies done on other legume seeds show that globulins
 

comprise 56-61% oi Phaseolus seeds (Pant and Tulsani, 1969),
 

66.5% in mungbean and 62.7% in oeas (Bhatty. 1982). This study
 

gave comparatively higher values for the globulin fraction.
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In sam-samping 7-2 seed5, the albumins contributed 8% to the
 

total seed proteins. This value is similar to mungbean which has
 

8.1% albumins (Bhatty 1982). On ine other hand, sabawel albumins
 

contributed a higher value of 9.78%. This is higher than that
 

reported for cowpea (Hernandez et al, :983) but lcwer than the
 

values for chickpeas (12.2%), Phaseolus seeds (3% and peas
 

(14.1%) as reported by Bhatty (1982).
 

The glutelin fractions for both sabawel and sam-sampino were
 

both larger than their respective albumin fractions. This is not
 

in accordance with the reported data on legume seeds where
 

glutelins are considered to be minor proteins, with globulins and
 

albumins consisting the major portion of the seed proteins.
 

The total amount of protein extracted tctaled 94.0/ for
 

sabawel and 95.58% for sam-sampinc. Both values are higher than
 

those reported by Jambunathan (1973) with 70% recovery and by
 

Evans and Kerr (1963) with 74-82% extraction.
 

Preparative Fractionation
 

The protein contents of albumins and globulins obtained
 

preparazively from sabawei and sam-samping seeds (Table 3)
 

ranged from 71 to 9M. These are much higher than those
 

obtained for fractions of jac bean and sword bean (Sanonte et
 

al, 1988).
 

Gel Filtration
 

Sabawei albumins seDarated into three major peaks (Fig. 1a).
 

on SeDhadex G-200 with molecular weights of 152,000, 21,100 and
 

6,600 daltcns. Sam-samping exhibited 3 major peaks of molecular
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3 

weights 430,000, 73,100 and 26,500 (Fio. 2a). Table 4 presents
 

the Ms of sabawel and samn-samping albumin fractions.
 

Sabawel and sam-samping globulins noth separated into 


major peaks but with different elution profiles (Fig. 1b and 2b).
 

Sabawel globulin separateo into fractions of molecular weights
 

>700,000, 251,000 and 42,600 daltons. Sam-samping globulin
 

fractionated into peaks of >700,000, 251,000 and 42,600 daltons,
 

6el Electrophoresis
 

SDS gel electrophoresis patterns of the albumins and
 

globulins and their fractions of sam-samoina and sabawel are
 

given in Fig. 3a and 3b. These show the heterogeneity of the
 

Droteiv;s, even those already further fractionated on gel
 

chromatography. Notabiy sarr-samnino albumin has a 'arge 
amount
 

of low molecular weight (14.3 KD) components. For sabawel, major
 

proteins are in the 18 to 24 KD range.
 

Cystine and ?ethionine Contents
 

The concentration of methionine and cystine in albumin and
 

globulin fractions is shown in Table 6. For sanawel methionine
 

is very high (>15'/) n alotulin and albumin and is relativelv
 

high in glutelin (12.04%). In sam-samuing, the albumin and
 

globulin had high met levels. However, when further
 

fractionated, the met level decreased to 5Y. 
 As can be seen in
 

Fig. 2b, globulin 11 had several bands thus, none of the proteins
 

in this sub-fraction may have high me- (>2.5.). in a preliminary 

experiment on Dalic.~as Iahiah in our !abLrator. with Dr. B.O. de 

Lumen of UC Berkeley a met ricn protein with about 15. met was 

identified.
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The method ,of de Lumen and Kho (1987).. using radioactive
 

lodoacetate in identifying met rich oroteins is certainly faster
 

than the method used in this stuoy,
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Table 1. Distribution of total protein in Sabawel A-8 seeds.
 

Fraction Amount of protein % Contribution
 
'g/100 g seed meal)
 

- --------------- --- ---- - ----------

Abumin 2.76 + 0.!4 9.78 
Globulin 20.60 T 1.14 73.0 
Prolamine 0.18 " 0.04 0.64 
Glutelin 3.01 L 0.03 10.67 
Resioue 1.68 5.95 

Table 2. Distribution of total protein in Sam-samping 7-2 seeds.
 

Fraction Amount o4 protein % Contribution
 
(g/!00 o seed meal)
 

Albumin 2.41 4 0.07 8.0 
Globulin 22.79 + 0.7! 75.66 
Glutelin 3.76 t- .08 12.48 
Prolamin 0.18 £ 0.04 0.60 
Residue !.33 4.41 

------ ----------- - - -- -

a 
Average of 2 replicates
 
b
 
Difference between total protein and sum of solubilized protein.
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----------- ----------- ----- 

Table 3. Proteip;,content of albumin and globulin fractions of
 
Sabawel 4-8 and Sam-sampinq 7-2 seeds., 

Protein Content (,")
 
Kieldahl Method Lowry method
 

Sabawel A-8
 

Aibumin 76.92 + 0.50 79.17 
Globulins 98.00 _t0.10 78.54 

Sam-samp i ng 7-2 

Albumins 71.26 + 2.20 34.42
 
Globulins 99.45 -. 0.40 95.98
 

a 
Average of 2 replicates.
 

Table 4. 	Estimated molecular weights of the protein fractions of
 
sabawel and sam-samping albumins separated on Sephadex
 
6-200.
 

-


Molecular tyeioht

Peak number Sabawe! Sam-samping
 

I 152,000 430,000
 
i! 21.100 73,100
 
II 6,600 26,500
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Table 5. 	Estimated molecular weights of the protein fractions of
 
sabawel and sum-samping globulins separated on Sephadex
 
48. 

Molecular weight
 
Peak number Sabawel Sam-samping
 

I >700.000 7700,000
 
II 150,400 251,000
 

111 37,600 42,600
 

Table 6. 	CystIne and methionine content (mi/100 ng protein) of
 
protein fractions of sabawel and samn-samping.
 

Sample 


Sabawel
 

Globulin 

Albumin T2P3 1 

Albumin 

Albumin T3P2 

Albumin PU 

Glutelin 1 


Sam-samping
 

Albumin 

Albumin T2PI 

Albumin T2P3 

Gobulin 

Globulin T4PI 

Globulin T3P2 

Globulin T3P! 

Globul in T3P2 1'.31 

Globulin T4PI 11 


% Cystine 


1.11 

2.93 

3.13 

5.34 

0.24 

1.31 


2.91 

0.39 

0.38 

!6.68 

0.20 
0.29 
0.40 

3.44 


M
Methionine
 

20.80
 
33.3!
 
15.36
 
5.42
 
5.14
 
12.04
 

21.24
 
4.22
 
7.11
 

22.54
 
5.07
 
4.57
 
5.24
 
0.13
 
0.14
 



0.70
 

0. 6CU­i 

~III 
1.50 

0.5O­

q% 

co 
1 0.40 

U 

U 

0.3( -­

0 

S0.2{ 

0.2AC-0.50 

II 

Do 

CI 
j-, 

cu 
U 

0 

1.0 

0.1 

100 200 300 400 

Elution Volume (mL) 

60 80 100 120 140 

Elution Volume (mL) 

Fig. I. Elution patterns of 

on Sephadex G-200. 

sabawel albumins (a) and globulins (b) 



a 

0.30 
Ill 

II 
II 

0 0.20 Go 1.00 

co cc 

co 

0~. 

0.10 

co 

.o 0.50I 

100 200 300 400 60 80 100 120 140
 

Elution volume (mL) Elution volume (mL)
 

Fig. 2. Elution patterns of sam-samping albumins (a) and globulins (b)
 
on Sephadex G-200.
 



Highly Intense Highly Incense 

InltenseO Intense 

000 Lhiit 00 Light 

L IVery Light FE Very Light 

:KD| K.D 

- 6.0 66.0 

4~AJ 45.0 

-- 34.7 4. 

---- - 24.0 24.0 

a' 1.4 18.4 

14.3 0000 14.3 

AIn Alb Alb Alb Glob Glob Alb Alb Alb Glob Glob Clob Glob 

Pil PIll PIV PIL P PIL Pit PIll PIV 

b 

Fig. 3. SDS gel electrophoretic patterns of sam-samping (a) 

and sabawel b) 



xiii 

Isolation, Fractionation and Characterization of Seed Proteins
 
from Sword bean Ca.-tual.i qladioLaa) and
 

Jack bean (Camauzali.a endfnmis)
 

Joseoh L, Samonte, Antonio C. Laurena and
 
Evelyn Ma, T. Mendoza
 

Insitute of Plant Ereecino. College of Agricuiiure
 
University of the Fhilipcines Los Banos
 
College. Laguna, PhilipDines 403!
 

ABSTRACT
 

Based on solubility. sword bean has 77/ globulin. IZI
 
albumin, 6% prolamin ane 0.3% glutelin. Jackbean nas 66Z
 

clutelin. 14% ,iackbear, i4%Prolaminiand 0.9% a'utelin.
 

A major pork!on of iacknean a bumln fractionated into 40-6CA 

saturated 'NH4)2SC4 while its oobu0:n fractonate: 'nc eO-6C 

and 60-G0%. Sword 'ean altumin and clo~zi in -"act43nated into 

60-80% and 40-60 anc 6-80%, resnectively,
 

The albumin and clobulin oz both sor been clcbulin were
 

eluted on Bisgel A55m ard SP-Seonhadex to orodu:e two to three
 

peaks. These ceaks were shown to be heterogenous by
 

electron horesis,
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INTRODUCTION
 

The seed !roteins. o; .ackbean , na.a~ as~o.is) ano 

sword bean CaaaLal_La qladiaa) were clioan:-ed acccrdira tc
 

solubility and s~ze and charac:e-ize . The :Cste~ne and
 

metnionine contents of scne of the raa~i-
 s were a'so analyzed.
 

This is in ine vflth cur e;forts to obtain a better uncerstandino
 

of leoume seed croteins towards the inorovement of their
 

nutritiona! quality.
 

MATERIALS AND METHODS
 

Materials
 

Mature seeds o4 sword bean and iack 
bean were obtained from
 

plants grown at the institute of Plant Sreed,no. The seeds were
 

sun dried, dehulled and arouno to oass tnrouch A 40 mesh sieve.
 

The samples were then freeze dried 
and de~attec by stirnrin ,ailn 

hexane (1 c meal: !0 rL) in 4he refrngerator (2 ,f"fr d 'r. -he 

residue was re-ex'ra:tec -with hexane twice mo-e. The defatteo
 

material was dried overn-aht 
in the hood and s4ored in air'iaht
 

containers in the freezer until use.
 

All chemicals used were of analytical grade,
 

Extraction of Proteins
 

Fifty g of seed meal was stirrec with 0.5 M,NaCl (Ig: 20
 

mL). The slurry was stirred gently at 4 C for I ^r. The
 

m:xture was centriluged at :0,000 rpm at 4 C for 15 min and the
 

supernate was co lected. 
 The residue was further extracted (3x),
 

The combined suoernate were dialyzed anainst distilled water
 

in the coic. The mixtune that resultec was centrifuoed at 10.000
 

163
 



rom for 15 min at 4 C. The supernates were coliected and the
 

residue washed 2x with tO0 miL distilled water. Both the
 

supernate and residue were lyophilized.
 

Solubility in (NHq)2SO4 Solutions
 

Five hundred -o of sword bean/lack bean albumins were
 

dissolved in 20 mL distilled water. This solution was saturated
 

with (NHN)L SOq up to 20%. stood for I hr at 4 C and then
 

centrifuoed to colleci the Precioitates. The suoernate was
 

further saturated to 40%, 60/., 80% and 100%. All the
 

precipitates were collected a*ter each sat,.ratitn steo and
 

dia!yzed aoainst disti! led water at 4 C.
 

For the sord bean and iack bean olobuiins, the same
 

procedure was fol-owed except these proteins v:ere d'ssolued 


0.5 M NaCl before ammonium sulfate ;ractionation was done on it.
 

gii gel A-O Gel Filtration
 

Two m of the samole containing 200 mg protein was applied
 

on a Sio ael A-50 tclumn (2.5 x 70 cm) and eluted with 0.5 M
 

NaCi. The hyorostatic head was maintained at 62 cn and the
 

flowrate at 25 mjhn, 
 Tne eluant used was 0.5 h NaC* solution.
 

The 4ractions were collec4ed at 3.0 n'L per tube, The protein
 

content of the fractions was monitored at 
220 nm. The peaes
 

obtaineo were pooled together, cialyzed against distilled water
 

at 4 C, and l1ohii~ed.
 

SP-Sephadex Ion Exchange Chronatography
 

Ion exchange ch"omatooraphy of seed proteins was done using
 

a 50 cm column with an internal diameter of 2.5 cm. The
 

"16')
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hydrostatic pressure was maintained at 17.0 cm and flow rate :t
 

2.50 mL/min. The eluant used was 0.05 M sodium acetate buffer DH
 

4.0 with an increasino N4Cl gradient. The +r ctions were
 

collected at S.0 mL cer tube.
 

T
 wo mL of the samole solution containlnQ 200 rg oroein
 

was applied on the column. Protein conte.J was mon:iored at 290
 

nm. The peaKs obtained were pooled together. oialyzed against
 

distilled water at 4 C ind lyophil)zed a4terwards. The salt
 

concentration of the eluates was determined using a conductivity
 

meter.
 

SDS Electrophoresis
 

Sodium dodecyi sul'ate (SDS) polyacrylamide gel electrophoresis 

was done on the spmoles accordino to the Drocedure of Weber and 

0sborn 1969). Th3 . ! used contained 5% acrylamide and 0,1% 

SDS in 0.1 M sodium phosphate ouffer DH 7.C. The electrode 

buffer :on*:isted of 0.17 SOS in 0.1 M Na phosphate bu44e- pH 7.0. 

About 50 uc o4 the Proteins were applied Der tube and a constant 

current of 5 mA oer tube ws used. The oels .ere stained witrn 

0.25X Cuornasie [rilliat lue fo^ 12 hr ard oestained in acueous 

7.5 acetic acik-5X methanol solution. The resoective bands were
 

recorded on a graphing vaper. Ammontum sulfate fractions of
 

olobulins were run on slab PAGE under similar conditions.
 

Standards of known molecular weight were run with the sam:ples.
 

Amino Acid Analysis
 

Ground samples were heated in 6 N HCI under vacuum f+o 24 hr
 

at 110 C. The amino acid composition of the acld hydnolyzate was
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determined with a Waters-Millioore HPLC aDca-aius. Cv'steine and
 

methionine were determined separately as cysteic acid and
 

methionine sulfur after performic acid oxidation. Each sample
 

was analysed once.
 

RESULTS AND DISCUSSION
 

Isolation of Albumins and Globulins
 

Globulins were the major fracticns in swordbean (78.7.) ano 

jackbean (61 4%). followed 6' albumin in swcrdbean (121.. and 

albumin and prolamin in .iackbean (13.5 and 14.Y) (Table 11. 

Glutelin was only 0.31 and 9.6X in swordtean and .ackbean. 

respectlvely. These are stm:'ar to the Prctein conocsition o4 

cther legumes such ccw~ea (Hernanoez et al. 1 sam-sampin 

and sabawel (Ocampo et al, 19GE). 

Large batch fract'on:!on of a'bumin and g1ctulin f om .ack 

bean and sworo bean yielded fractions with 46-78% protein and 4 

to 13% carbohydrate (Table 2). 

Amonium Sulfate Fractionation
 

A. .Earc.L n s. Ammonium sulfate fractionation of sword bean 

and jack bean proteins showed that the hiohest concentration of 

proteins were found most>' In the 40-60% and 60-80%, saturation 

fractions (Table 3:1. Jack bean albumins were higher ai 49-60. 

while its globulins concentrated in the 60-80'. -racton. in 

contrast. riore swqora bean albumins were found in 65-60Y fraction 

and its olobulins in 40-60X fraction, 

If all of the proteins from iacX bean and sword begn were
 

alntos of tne same net chares ouring (1H4)2 S04 fract~onation,
 

then those proteins precipitating at a lower salt saturation
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level will be albumins (o-w MUI) 	ano those at the h:oher Ievels 

wil be the 9iobulins (hion KJ) (Khan et al., 198). Results of
 

ammonium su! 4 ate fractionaticn showed that jack bean contained
 

zraction and more "ciobu!irs"
more 'albumins" in the albuminous 


in the globu'ir fraction. H wever, sword bean aibumins 
were
 

+0-80X ts 


higher in the 40-60% fraction. This may ne due to the differences
 

in polarity or net charges of the aminc acids in sword bean
 

thereby causing precipitation of high molecular weight proteins
 

at a lower saturation level.
 

The % recovery of the Zractions was lower than 100%.
 

However. this % recovery almost coincided with X proteins as
 

estimated by the kieldahl N method. Prcnably, only the
 

the album:n and prec!pitate
 

concentrated more in the 	 frac4.;on whi e 31onul ins were
 

proteinaceous +raction of olobvl'n 

were !solated or reprec-pitated by am-moniurn sulfate. 

B.. E-.aj.- n , SDS 2el electrophoresis oi the 

w bands(N4 2 S04 fracticn o- .ack bear a'bumir showeo ultiole 

(Fig. 1). Protein o; trhe barcs were hngnly concentrated in the 

20-40X, 40-60% ard 80-!0% (NH4)2 S04 4ractions. One major nand 

value of 0.5 was present in all these three 4actions,with an Rf 


The electrophoretic Pattern of jack bean olobulins showed
 

and 80-100%
that multiple bands were 4ound 	in 0-20/, 60-801, 


band o4 0.30 R' was present in
fraction (Fig. 2). A major 


almost all of the saturaticn levels. Com.paring the band patterns
 

of jack bean alburins anc o1ooulins, a large number of the
 

globulins were obse-ved to have lower Rf values than those ;or
 

albumins. Both the aibumins and globulins nad ;ewer bands in the
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60-60% fractions.
 

In sword bean albumins, the proteins were concentrated in the
 

40-60% and 60-80% fractions (Fig. 3). Major bands had Rf
 

values of 0.35 ard 0.50. Sirrilar results were obtained for sjord
 

bean oiobu"ins iFio. 4), Protein bancs were highly concentrated
 

in the 40-60% and 60-0% fractons. \ery -ew proteins were ound
 

in the 20-40% and 90-100% raction. The maior oands were aisc
 

zound to have an Rf %ya~ue of 0.30 and 0,5. The 80-100%
 

fraction contained a lew orotein bands.
 

Biogel A-50 m Gel Filtration
 

Two major peaifs (A and B) of Jiack bean albumins eluted at
 

volumes corresponding to molecular woicnts o: 407,600 and 185,300
 

daltons, respectively (Fig. 5). Jack bean globulins also had two
 

peaks with nolecular we:ohts of 677,800 and 207,400 daltons,
 

respectively (Fig. 5',. Or the other hand sword bean albumins had
 

two oeaks of ci4+erent molecular weights of 571,000 and 196,000
 

daltons, respectively.
 

SOS elecirophoresis of the !...rous peaks revealed their
 

heterogeneity (ng. 7 and ?). Oea4 A oz ,iact( bean albumins had 3
 

bands less than oeak S. .n the cIcbulin function, peaks A and 8
 

had similar Patterns 'F-c. 7),
 

Peak A o sword bean albumins nad tNo strona oands which
 

were not founc in peak S. In the glooulin fraction, peak B was
 

more intense than peak A. fiso, peak B had two extra bands that
 

were found in oeak A.
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Ion-Exchange Chromato~raphy
 

Jack bean albumins separated into tY'ee peaks ucon e ution
 

on ;on exchange column, wvth least absorbed peaK A naving the
 

largest amount of orotein (Fig. 9).
 

Sword bean albumirs separated into 5 distinct peaks with
 

peak B having the largest amount of proteins %Fig, 10-I). On the
 

other hand, sword bean 1oilbuins had 4 Deaks (P!o, 10-I!). Tne
 

or
position of the peaks shows the relative degree of pcsitive 


negative charge of tne proteins. Thus, ir general. the globulins
 

of sword bean were more positivel), charged 'than the major
 

alDumins. 

SOS gel electrcphoresis patterns o; the samDles showea twc 

major bands in peak A oz jack nean albumins (Fig, '!), Two )oul 

molec-.!ar weight proteins wert observed in oeak C. Botr D 

and C had mo-e Dares tran A out of *esser intensi4,. 

Tne e!ectrouhoretic patterns of swo-d bean albuins
 

fractions from ;on exchange chomatograohy were quite d!fferent
 

'ran each cther 'Fig. 12). Peak A had bands of higher molecular
 

weight than the other peaqs. PeaKs C. D and E had ba!ids
 

concentrated in Rf hioher 1han 0,5.
 

Interestingly, svord bean globulins had a large number of
 

to 0.9 (Fig.
intense bands ;n oea~s B and D, with Rf's from 0.1 

13). PeaK t had little :roteir which 'alled to snow up on the 

gel. Peak C had a ew bands within the region of R- DA to 0.63, 
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Methionine and Cysteine Contents
 

Tn jacK bean, gioo 60-H fraction had a relatively hlgh met
 

content 
 of 1.56% (Taole 4). in sword bean. albumins had much
 

higher levels 
 o4 met '14 -o 38%) than in 9iotu ins 13-%),
 

However, as shown n a, I to 4. these 
 *ract!cns are
 

hetercgeneous ana, 
 thus. the met content w~ll be iurtner spread
 

out irto the various protein comDonen:s of the 1"actions.
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Table 1. Protein fractions of swordbean and jackbean.
 

Swordoean A-i2 Jackoean A-6
 

2.94 t 0.2? (13.5)% albumin 3.85 1 0.56 (12.1) 

% globulin 25.2' t 1.31 (78.7, !9,15 7 C.26 (66.4) 

. glutelin 0,3 ,03. 02 C.01 (.s.0 3 0.' '2 

I.E6 ± 0.16 (5.8) 4.-i t 0.!9 (14.0)7 prolamlne 


V Droteir in
 
". . , .09 (.,residue 0 0.-32 

7 Total 
_. 	 29.27 

%.	Proein 
seed meal .o.94 + C.72 28.12 C,62 

a
 
Fercent o4 toial ortein !noarenhes~s.
 

Table 2. 	Albumin and globulin of mature seed of jack bean and
 

sword bean.
 

Samole 'ielc Carbohy- Protein
 

zi.'00 ; meal crate (M)
 

JacX bean
 

aibuwn .6 0 22,23.06
 

olobultn 14.;33K 
 4.2S 5,6
 

residue 5!.80 
 et'd 	 6.63
 

Sword bean
 

1 2 ,; 31
atburin 13.6552 C, 


olbulin 8.5354 4.11 77.46
 

residue 59.60 
 rot det'c 2,19
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Table 3. Amoniun sulfate fractionation of albumins and globulins
 
of Jack bean and sword bean.
 

"14)2S04
 
Saturation 


(7) 


Jack bean
 

0 - 20 

20 - 40 

40 - 60 

60 - 80 

80 - too 


Total MC 

X recover;, 


Swort bean 

0 - 20 
20 - 40 
40 - 60 
60 - 80 
80 - !00 

Total mo 

7 recover, 


Protein 'toa) !n (*H4 ),S04 -Fraction 
albunin Clobulin 

6.0 ?.2
 
9.6 3413
 

104.6 !33.0
 
30.6
 
22.0 1,3.4
 

-72.E 365.3
 
3-.5 7.,6
 

:,5 6.9
 
1?.9 
53.0 186.2 

129.0 130. 
18.0 15.9
 

226.4 397.8
 
45.28 78.96
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Table 4. Methionine and cystine content of albumin and globulin
 
fractions of same indigenous food legumes.
 

:ro.ein fractcn C,'s Met 

Jackbear. 
Glob 0-20 .7 7 2.32 
Glcb ,'-O-6r i: 2.42 
Glcb A'3-20 "i 2 
Glob Res'due 2.8- 5. 

Swordbean 
Alb 2 ."4.2 
A': 0-20 11 .5 
AIb 20-410 ! 2 
A b 60-80 ! .,05 IB.!O 

Alb 80-'00 T' 2,38 9.12
 

Swcrdoean 
A. 5. 4i 23.C-0 
Aib 20-40 AS 5.22 10.69 
Alo 4-D-60 As 10.25 32.09 
Alb EO-10 E" 9.26 2.83
 

Swordbear 
Glob Residue i 2.i2 I1.72 
Giob A-12 5.9!7 6 

Gion 0-20 C-.51 0.37 
elob 20-40 2.­
O',b 40-60 , 0.31 
Glo 1B IE 2,32 12.5 . 

Met inc ::'s determinec ny cerzo-ic acid oxicat'on oi tne 
different "acttons ioloed L' a*,wdbysrox , robe' e" so 
Clobulin --ac ion wn' le ain -efers , -he a buminv P:t i:r. AS 
den7,', ammoniumr sul4at, fraction. 
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Fig. 5. Gel filtration of jack bean albumins (I) and globulins
 
(II) on Biogel A50 m.
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Fig. 6. Gel filtration of sword bean albumins (I)and globulins
 
(II)on Biogel A5 0 m.
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ABSTRACT
 

The proximate composition of the mature and immature leaves,
 

mature and immature Dods and mature seeds of nine forage
 

lequmes was determined. These legumes include: Aeschynomene,
 

rai.a nrr.dana.s. Centrosema. Caloooonium, Crotolaria.
 

Desmodium. Puerar~a. .basendns- ibrie.s and Porpooon.
 

In vitro dry matter aciestibilty (IVDMD) ranoed from 16 to
 

38% for leaves. and 13 to 38% fcr Dods. Seeds of two samples had
 

IVDMD of 8 and 2!.,
 

Metabolizable eneroy (ME) predcte -ro7 crude ;iber 

contents ranced iron 2.60 tc 4.33 kcal/c for leaves. 3.50 to 4.25 

kcal/g for pods and 3.42 to 4.29 kcal/g for seeds. 

187
 



INTRODUCTION
 

The nutritive value o4 feeds can be es'imated thrCuon theryr 

digestibility and chemical ccmoosition. From the latter. 

especially, crude fiber. feed energy values can be pred'cted. 

However. although crude fiber is continued to be used. its 

inadequacy because of the great variability in "onocelluiose 

comcositlcn net'een species and ether factors. has been 

recognized. THus. other methods have been proposed to replace 

crude fiber analysis: these aret acid detercient fiber (DF), 

neutral deteroent fioer 041D) and lionin (FPider et a!. t980). 

Dicestibility oredicts more accurate"/ the nutritlve value of
 

feeds. in v~to metkods have teen develocec usino elther selected
 

enzymes (manlv celluloses) or usinc rumen iHuor, 'The two-stace
 

-im j .iUr rumen ermentaticr te:hnique -as become videly accepted
 

as the meThod to Precict dipestibility c all types of forages
 

(Martin and Barnes, 1980). H~ch corre!at!ons between in vitro
 

rumen and in vivo dry matter diaestibility have been reported
 

,'Barnes. 1973). Lopez et al (1976) ootatned corre*at!on of 0.85
 

to 0.90 for 38 indigenous and introduced species of forages.
 

Feed no systems are based on metabolizable energy (ME) of 

the feed components eMinson, 1980). Tables of HE values of 

rouohaces havE been prepared and equations astaolished to Drcdict 

ME values satisfactorily from chemical const~tueni contents o4 

the feed. 

Also essential for fioage evaiuatcon is the estimation of
 

crude Drotein contErnt althouO thik does not accurately' shcw the
 

extent of its breakdown in the rumen (Lena. 19b!.
 



Different par~s of nine species indicenous tc the
 

Philipcines were suoJected to Drcximate analyses 
and in vitro dry
 

mat'er acceotaoiiity to estimate their feeding values. These 

sDecies are: Aeschynomene, LAScSi-de.taa.lis. Calopoponium. 

Centrosema, Crctclaria, Desnodium. 2a.en u .Ba.nYc.Li,s 

Porpoaon and Pueraria. ME va'ues were also estimated from crude
 

fiber contents.
 

MATERIALS AiD METHOD2
 

Materials
 

Seeds of the aforementionec zcrape icumes ,ere otaied 

frow the National Plant Genetic Reso'crces -absratory, o4 the 

Institute of Plant Breedino, -hese were -Ianted tc obtain -resn 

samo!es of immature and mature eajes. immature and mature oods 

and mature seeds, 

Al chemicals used were o4 ana1ytcai qrade. 

Preparation of Samples 

Leaves. oods anc mature seeds were secarately dried at 45 C 

C in a forced drazt oven fon 42 h-. fte-wards. tney were 

-rounc ;n a UiJey mill and nassec -hrouch cO mesi sieve, 

Analyses 

Moisture. fat. aroxein ('.% x 6.25). asn anc fiber were 

oetermined accordinc to o44ic~a- metiehods (AUOA. !963i. 

Metabolizable Energy (ME)
 

E as calculated from the rearess~cn eauaticn (Y=4,65­

0.062 CF) developed by Armstrong (966) for temoerate grasses. 
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In Vitro Dry Hatter Digestibility (IVDMD)
 

lVDHID was cetermined uoino the zrocedure o4 Tilley end Terry
 

(1963) as modi ied b BarnesE {!67.i and was cone at the
 

Animal Nutrition Laboratory of the Institute of Animal Sc!ence.
 

(;A, UPLE.
 

RESULTS AND DISCUSSIONS
 

Proximate Analyses
 

The oroxinate comoositicn of different parts of nine
 

Philippine indigenous forage legumes is summarized in Table 1.
 

Moisture content of immature and mature leaves and Dods
 

82Y ))h:le that of mature seeds ranced from 4.5
ranoed rcm 65 to 


to % . Fat content ranoec from 1.2 to 4.4. n 'eaves and Dods
 

and 2 to 7 n nature seeds. Notan,. th ;-lot-.ino had
 

ralativeiy hiqh levels of 4at content ir mature seeds:
 

Aeschynomene ,12/). Ca!o3ooor:um , Desmcdiurr (:4'1) and
 

of -at cortents .ere recoried by
Poroogon (17%). Similar rances 

c andGeroacic and Castillo (j979) for Cert:-osema. Aaxchynemano 

2 to 3.5. inKudzu. Protein content was f-cm 6 to 7% in leaves 


:ods 
 and 18 to 33 n mature seeds. Relatively hiCh protein
 

contents 
 were observed in seeds of: Aeschynomene (2-3%),
 

Xuczu
Calopogonium -33% ). Crotolaria (27/), Desmodium (30). 


(30X) and Porpogor -.332.). .ower protein conteni was fou c in
 

pods. Varietal differences were also evident; e.c.. for
 

n ccntent of seeds ranged from i8.457. to 22,73.,Centrosema, orcte 

The crotein contents ooserved in the leaves oz these lcumes 

:2l7>) (Geroacloare comoaratively !ower than in Lauaaaa leaves 


and Castilto. 1979: Endrirna and !Iendo:a. 
1979): and acacia
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leaves (21%) (Gerpacio and Castillo, !979).
 

Ash ranged from I to 3.6% in leaves, I to 1.5% in pods and
 

2.4 to 4.7% in seeds. Fiber ranged from 1.? to 5.8% in leaves,
 

2.2 to 3.7% in pods and 5.2 to 17/ in seeds. Aeschynomene seeds
 

were highest in fiber content.
 

Nitronen free-extracts or carbohydrates were the ma.lor
 

constituent of tne legumes. Leaves had !0 to 20% of lIFE, pods
 

had 9.4 to 28% in pods, and 3? to 58% in seecs.
 

Thls is the first comprehensive stucy of the chemical
 

composition of different parts of severa! accessions of forage
 

legumes indicenous to the Ph~lippines.
 

In Vitro Dry Matter Digestibility (IVOMD)
 

IVDMD of immature and mature leaves ranged fro= 16 to 38%
 

and for immature and mature pods--13 to 38% 'Table 2). Crotolaria
 

had the niohest IVDMD values -c'-leaves ano pods. Seeds of two
 

samples Crotolaria and E. a- .idas hao !VDMD of 8 and 2I.
 

These values are mucn lower than the ccrtrcl sample of L­

b1ajc 'eaves tth 49,72-51 .26% lQDMD and 33 JDOMD
em:,L!a to 66% 


for 14 grasses and 2 to 68% for 7 :ecumes. obtained by Lcoez et
 

al (1976). The values for Desmod~um. Pueraria and 2.
 

obtained in this stud- w-ere about 50% 'ess than those reocrted b'
 

Lopez et al (1976). The differences could be due to ;arietal
 

differences. These ;cw !YD0D results ccuid suggest the low
 

feeding values of the !ecumes analyzed and need to be re­

investioated.
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Prediction oi Metabolizable Energy (ME)
 

ME for the samoes calcu!ated from crude -iber content
 

(organic matter basis) ranged from 3.60 to 4.30 kcal/o 4or
 

leaves, 3.50 to 4.25 ical/ -;or oods and 3.42 to 4.29 Vcal/q
 

for seeds (Table 3). Hic - valueF (4.0 to 4.30) were obtained 

for leaves of Aeschynomene, assLa n"!dlis. rotolar:a and 2. 

Ia.tzaaidas, Mecium leves of 3.75 tO 3.99 <cai/n were obtained 

for leaies c- Centrosema, Ca'ooconiu, Puerar;z and Pcrooon . 

Low levels of 'cj e- than 3.75 Vcalfq were cbtainet c- leaves of 

Desmedium .2 accessions). ME ,alues ;cr irrmature and mstune oo s 

were sinilar to those obta:nec for 'eaves. ME values for seeds 

were oenena 'y lovest en 6 of the 15 sarncles an: corparable with 

the other parts in the other saroles.
 

= 

The regression equaiton ,Y 4.65 - 0.062 CF) used in this 

study was obtained from data for temperature orasses (Armstrong.
 

1964). Minson and Milford (1966) kad repor:ed mean energy
 

contents of 4.37. 4.!9 and 4.53 kcali' digostible :oanic matter
 

fcr samples of Snb=2 aImu-. r-o;.iazIa dacumipas and
 

H~aI.iL=~ ai.troapium. A range of -4.86 a.77 4.ca!/c -:or 

23 !ecumes was later reoorted (M n. 1980). T e estlmateo ME 

values for tne lesumeu !n this siudy a-e w:t in tne range -f the 

reported values icr rooical !equmes. 
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- ------ ---------------------------------------------

Table 1. Proximate composition and in vitro dry matter digestibility (IVDMD)
 

of different parts of several Philippine Indigenous forage legumes.
 

Leoume/Acc/ Moisture Fat Protein Ash Fiber NFE 
Far+ ( *%) (X :'x6.25) Y) C I" 

--------------------------------------------------

Heschynomene 

Acc 1'B-1 
immature leaves 74.2i 2.08.e d.4 :87 1.36 t4,Z4 
Mature leaves 69.89 4.17 8.36 2.7 !,68 !4.20 
immature poas 74.72 2.08 5.56 1,11 2.15 14.38 
Mature Dods 66.37 2.02 5.56 !.i 2.15 N4.3E 
Mature seeds 9.13 !1.93 24.77 3.59 !7.25 33.3 

Acc IPP-2 
Immature leaves 72.54 2.24 6.23 1,91 1.41 1.5.57 
Mature leaves 62.79 4.45 8.42 2.51 1.93 !9.90 
Immature pods 75.16 2.20 5,31 !.28 2.36 13.69 
Mature pods 64.49 2.20 5,31 1.28 2.36 13.69 
Mature seeds 9,44 !1.47 24.56 3.80 17.!4 33.59 

Balatong Aso 
Cass a Ocidanzalis) 

Acc BP 
irnmature leaves 74.32 2.43 6.23 1.91 1.41 15.57 
Mature leaves 70.17 2.34 8.84 2,64 2.20 13.91 
immature Dods 91.17 1.37 2.24 1.20 2.91 !0.90 
Mature pos
Mature seeds 

70.a6 
5.94 

1.37 
2.0? 

2.24 
21.03 

1.20 
.6? 

2.9! 
8.23 

10.90 
57.9 

kcc 24 
!rwmature leaves 76.33 1.7? S,91 i.9, 1.42 9.58 
Mature leaves -9,75 2,19 9.46 2.76 3.04 13.10 
Immature pods 81.@1 . 2.06 1.23 3.14 !0.79 
Mature pods 72.54 1.34 2,14 1.21 3.6? 9,4. 
Nature seeds 6.48 2.8 20.63 3,96 11.67 54.38 

Centrosema 
Acc 3M-I 
immature leaves 70.83 2.06 7.90 2.09 2.2d 13.96 
Mature *eaves 62.15 2.46 9.94 2.27 4.66 18,62 
immature odds 75.46 1.44 3.56 !,06 2.7S i5.70 
Mature pods 65.58 .24 1.79 0.97 2,18 29.35 
Mature seeds 6.28 5.96 22.73 2.48 9.90 57.95 

Acc BPI-T 
Immature leaves L8.75 3.18 9.41 2.85 3.14 12.67 
Mature leaves 62.39 3.36 9.67 2.71 5.80 !5.08 
immature pods 72.44 1.75 3.27 1.!7 2.44 19.93 
Mature pods 64.79 ',15 2.37 1.04 2,25 27.6! 
Mature seecs 4.75 7.17 18.45 2.98 8.90 57.96 
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Lemume/Acc!
Part 

Moisture 
<.) 

Fat 
(%(%) 

Prote in 
) 

Ash Fiber 
) 

NFE 
(%) 

Acc ?S-1 
.mmature leaves 
Mature ieates. 
Imazure cods 
Mature :ods 
Mature seeds 

67.62 
64.51 
7e,64 
7.4,6 
9.98e. 

2.70 
2.89 
1.67 
. ,3: 
5.39 

8.38 
9.25 
3," 
2. :5 

72 

2.23 
2. 5 
1.14 
U. 5 
2.44 

3.45 
3.30 
2.79 
2,42 
8.30 

15,62 
17.20 
13.03 
25.4: 
57.F6 

Acc 3.-2 
.:,maue leaves 
4ature leaves 
-rrf.a tu !e Dods 

62,14 
64.72 

2.94 
2,79 

2."6 
9,27 

2.44 
2.43 

2.68 
4.57 

"5.34 
1, 23 

.ature nwis 

+.ature seeds 

Imma1r:e !eaves 
riature leaves 
Immatur? Dods 
!ature -scds 
Nature seedls 

' .00 
o,89 
79,65 
67.94 

2.55 
3,3i 
.22 
.67 

0.910..S 

5.63 
-6,51 
1,1, 

44" 
33.23 

1.79 
2.95 
1.18 
1.47 
4.26 

2.56 
2.97 
2,16 
.12 

:3.60 

'2 .d7 
17.37 
i2.50 
21,39 
33.69 

C-C tol a- i i_ 
Acc OC-" NB 

.r-naiure !eaves 72.4 2.69 7,31 !.47 2.4*3 13.2 
Matine leaves 66.76 2.90 6,45 1.94 337 19.59 
,,ratu! . OodsMa*tune Dods 75 ..39I-t,;! 1.59i.5.6 2,7'4.12 1.15".56 2.943.42 124,.19 
allur-e Seens 16 9 6.93 26.79 3.75 13.25 42.85 

fmatue eaves .. 95 2.94 7.; . 2-3.07 15, 

lfl'7:aU- e nod, 
Niature D.:. 
>at-.re se',.-= 

Bt 
4.57 

1.75 
1..=., 
7.5, 

2.C. 
.:1 
, ,T' 

2,:5 
3 

10.65 4..9 

. ...~ C 7'- ,79G 
0--­

:-matu e DOAS 
-'aiurc riodE 

79.24'A% 
6!:4, '.,74 

293 
3,76 

1.,2 
: 5 

3.12 
3 -3" 

12. 
26, ' 

Desmod, Lr 
5Ac DC-1 
lmmature leaves 
Mature teaves 

69.9! 
66.05 

2.54 
3.45 

6.50 
7.71 

1.098 
3.i9 

4.89 
4,35 

15.19 
13.77 

l.rmature ocas 
Mature .zods 
O'atL-e seeds A._8 14.10 30.73 3.29 6.15 39.23 

0)6 



LecumeeAcc/ 

Part 
Mcist'ire Fat 

,"/5 
Protein (sh Fiber 

( 
NFE 

Acc D0-2 
Immature leaves 
Mature leaves 

!nrature pods 
Mature pods
Mature seeds 

71.81 
65.60 

6.14 

2,28 
3.26 

!3.84 

5.29 
7.43 

30.33 

1.00 
2.90 

4.10 

,5.03 
5.26 

6.46 

14.36 

29,13 

Arx CT 
Irnnature leaves 
Nature leaves 

IrnaturE pois 
Mature cods 
Mature seeds 

72.79 
63.50 

6.49 

t.82 
3.26 

13.44 

5.46 
6.35 

30.17 

1.17 
3.56 

4.08 

4.36 
4.11 

6.31 

14.90 
19.22 

39.51 

Acc 93 
Mature seeds 5.44 14.!7 29.69 4.22 9,15 3906 

Acc 195 
immature leaves 
hature leaves 
!.mmature cods 
Vature pod
Mature seeds 6.36 13.95 30.07 4.26 6.85 38.5! 

"uer3r a 
Kudzu 

Acc EW-1 
1 -aature-a-.'es 
.Rture leaves 

Immature ccds 
Mature pods
Mature seeds 

79.04 
71.48 

5.40 

1.82 
3.09 

6.13 

4.52 
5.5E 

27.43 

1.77 
2.63 

5.17 

2.96 
2.58 

5.20 

10.79 
14.64 

50.67 

ACc 1P9 
7mmature leaves 
Mature leaves 
Immature oods 
Mature ods 
Nature seeds 

81.36 
76.56 
74.56 
74.56 
6.58 

1.01 
2.41 
1.51 
1.51. 
5.74 

5.37 
6.84 
4.37 
.37 

17.95 

1.34 
2.23 
1.38 
.38 

3,63 

1.79 
2.06 
3.42 
3.42 
9.35 

9.13 
9.90 

!4.76 
!4.76 
56,75 

Acc 15E 
Imrratur'e leaves 
Mature eaves 

i.'m ature pods 
Mature oods 
Mature seeds 

8347 
75.85 
77,0 
77.C3 
8,7 

1.18 
2.56 

.3 
1.73 
.29 

5.26 
6,67 
4,8, 
!.&6 

21.42 

1.2? 
2.74 
!.;5 
1.15 
3.61 

1.22 
2.37 
3.!6 
3,z6 
8.00 

10,52 
9,S. 

15.07 
15.07 
52.02 
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-----------------------------------------------------------------------------

---------- ---------- ---------------------------------

--------------- ------------- -- ------------ 

--------------------------------------------------

-----------------------------------------------------------

-----------------------------------------

Moisture Fat Protein Ash Fiber NFE
 
Legume/Acc/ 


(/) W') (..) )

Part (V. (Y) 


Pcrpogon 
Acc BPI-TI
 
Irmnature leaves
 
Mature leaves
 

2.04 1.77 1.07 2,9G I9. 2irnature pods 72.56 

1149 2,77 17.32

Maiure cods 72,24 i.66 1,9! 

32.33
6.75 !7.05 33,10 4,22 6.55


Mature seeds 


Table 2. In vitro dry matter digestibility (IVDIMD) of selected 

forage legumes. 

-


X IVDMD
Sample Acc 


IP MP MS
IL HL 

19.58 23.68
Balatong Aso BP 18.91 23.51 

-26.98 24,94

Calopogonium JS-1 


-2M-1 24.40 20.6E 


Centrosema &A-I 16.29 30.91 13.31 36.22
 
2!.68 28,23
B:1-TI 23.84 27.94 


BPTB 26,68 35.,1 18.67 32.60
 
-
-


JS-I 21,81 32.15 


Crotolaria BM-1 13.22 25. 2 15.09 33.49 4.75
 

WB PC-I '3.45 16,4! ,1.53 38.14 7,25
 
29.62 7,89


N9 PC-1 38.25 25.70 1.64 


29.88 19.36
195 21.51 29.02 28.9
Desmodium 


-
9P 27,89 20.20


Kudzu 


Laixc.cjdeS IPB - -- 32.47 20.66 
158 ­ - - 32.43 20.09 

-26.68
20.15
Porpogon BPI-T1 


- Mature Leaves: IP - Immature Pods:IL - immature Leaves: ML 


MP - Mature Pods; MS - Mature Seeds.
 

lea,)es ! e-e used as control with IVDMD of
Luh,.aeDla 
49.72-51 .26'.
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------------------------------------------------------

Table 3. Crude fiber content and predicted metabolizable energy
 
of several Philippine indigenous forage legumes.
 

Legume/Acc/" 
 Crude giber Netabo) izable
 
Part ------------------
 ene-ov
 

DMB DMB 0MB 

Aeschynomene 
Acc IPB-1 

immature Leaves 5.27 5.69 4.30 
Mature Leaves 3.40 5.91 4.28 
Immature Pods 
Mature Pods 
Mature Seeds 18.98 19.76 3.42 

4cc IPB--
Immature Leaves 5.13 5.52 4.31 
Mature Leaves 5.19 5.56 4.31 
Immature Pods 
Mature Pocs 
Mature Seecs 19.93 19.73 3.42 

Balatono Aso
 
(Cass.la cideaialis;-

Acc BF
 

Immature Leaves 5.41 5.93 
 4.28
 
Mature Leaves 7.38 8.09 4.15
 
Immature Pods
 
Mature Pods
 
Mature Seeds 8.70 9.21 
 4.08
 

£a ss.L.a vcci.'iutalis 
Acc 24 
limature Leaves 6.04 6.59 4.24
 
Mature Leaves 10.05 11.06 3.96
 
Immature Pods 17.07 18.30 3.52
 
Mature Pods 13.36 13.98 3.78
 
Mature Seeds 12.48 13.03 3.84
 

Centrosema
 
4cc 8M-1
 

Immature Leaves 7.75 8.35 4.13
 
Mature Leaves 12.31 13.60 3.84
 
immature Pods 11.33 1!.84 3.92
 
Mature Pods 6.33 
 6.50 4.25
 
Mature Seeds 9.50 
 Q,75 4.05
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------------ -----------------------------------------

Lecume/Acc/ Crude Piber Metabolizable 

Part CA) Energy 

0MB 0 (kca!/) 

!'cc BPI-TI., 

!rature Leaves 


Mature Leaves 

Imature Pods 


Mature Pods 

Mature Seeds 


4 cc JS-.. 
Immature Leaves 

Mature Ledves 

Immature Pods 

Mature Pods 
Mature Seeds 

4Acc BP-2
 
Immature Leaves 


Mature Leaves 


Calopooonium
 
.cc JS-9
 
Immature Leaves 


Ilature Leaves. 

immature Pcds 

Mature Pods 

Hature Seeds 


Srotolaria
 
Icc PC-I (Nei
 

Immature Leaves 


Mature Leaves 


immature Pods 


Mature Pods 


Mature Seeds 


Acc PC-I (W6) 
Immature Leaves 

Mature Leaves 

Immature Pods 


Mature Pods 


Mature Seeds 


.Ac c JS - II,,e 

Irnature Leaves 


Mature Leaves 


Immature Pods 

Mature Pods
 

10.05 

15.21 

8.95 

7.81 

9.34 


10.65 

9.30 

11.14 

7.44 

8.83 


8.41 

!2.95 


10,2 


9.73 

14.24 


8.95 

10.14 

12.19 

9.81 


14.!5 


9,.0 

9.89 


11.25 

9.85 

11.16 


9.55 

10.01 


1:
 

11.05 3.96
 

17.11! 3.59
 

9.25 4.0E
 

8.05 4.i5
 

9.69 4.05
 

10.95 3.97
 

10.11 4.02
 

11.77 C.92
 

7.66 4.18
 

9.0U 4.09
 

9.11 4.09
 

13.91 3.79
 

1103 3197
 
9.95 4.04
 

1',61 3.95
!1.27 

10.20 4,02
 

14.90 3.73
 

?.45 4.06
 

10.77 3.98
 

12.81 3.86
 

10.27 4.01
 
3.74
14.75 


9.59 4.06 
10.52 4.00
 

11.68 3.93
 
4.02
10.23 

3.92
11.61 


0
 
10.22 4,02
 

3.99
10.60 
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Legume/Acc/ 

Part 


Desmodium
 
,Acc DQ-!
 

immature Leaves 

Mature Leaves 


Acc DQ-2.
 
!mmature Leaves 

Mature Leaves 

Mature Seeds 


Pueraria
 
Kudzu eAcc 0-!)
 

inmature Leaves 

Mature Leaves 

Mature Seeds 


.2.A.a.en= Las h 
•Acc 	]PB
 

immature Leaves 

Mature Leaves 

immature Pods
 
Mature Pods
 
Mature Seeds 


'Acc 158
 
Immature Leaves 

Hature Leaves 

Immature Pods
 
Mature Pods
 
Mature Seeds 


Poroooon
 
Acc BPI-T[
 

immature Pods 

Mazure Pods 

Mature Seeds 


DMD - dry matter basis
 
QMB - organ:c matter oas's 
a
 

Crude Fiber Metabolizable 
(Y) Energy 

01B OMB (kcal/o) 

16.16 16.76 3.61 
12.81 14.14 3.7? 

16.28 16.88 3.-0 
15.29 17.24 3.58 
6.88 7.20 4.20 

9.83 0.,13 . 
9.05 9.Y5 4.03 
5.49 5.22 4.29 

9.60 10.35 4.01 
8.79 9.71 4.05 

10.01 10.41 4.01 

6.76 7.22 4.20 
9.91 11.0? 3.96 

9.76 9.79 4.04 

10.7! 11.L5 3.96 
I0.01 10.59 3.99 
7.02 7.36 4.19 

Calculated from the rearessior ecuation (Anmstrena, 1966)
 
Y = 4.65 - 0.G62 CF.
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,POININS, PHYTATE, POLYPHENOLS, 0LIGOSACCHARIDES, LECTINS ANDCYANOGENIC GLYCOSIDES IN PHILIPPINE INDIGENOUS FORAGE LEGUMES 

Evelyn Mae 7. Mendoza. Felicito M. Rodriouez. Antonio C,
Laurena. Ana Gina T, 
Sembrano. Ma. Jamela R. Revilleza,


Angelo J.M. Lubao, Jr. and Charlene F. Barroga
 

Biochemistry Laboratory, institute of Plant Breedino
 
Co:leae of Actriculture, University of the 
Philippines


Los Banos, College, Laguna 4031
 

ABSTRACT
 

Saponins in seeds ranoed 
 fron '.26 to 0.92%. hiohest in
 

Desmooium and Porpooon. ll samoles were Positive tc the froth
 

test except 
 or an access:on o Caloooorium.
 

Polyvnenois were aener'al,' low in 
he nine species ana!yzed,
 

both in terms of 
 condensec tanntns and flavano;s. 0nly
 

Centrosema and itbi
B. nines had relative!y high 'lavanol
 

groups 
(5,57 to 10.12 mc catechtr/o).
 

Most o4 the samples had high 
05 ma P/g) phytate-phosohorus,
 

Seeds of Aeschynomene, fl. zc[lztea.1is 
 and Calopooonium and
 

relatively high 
levels of oliaosaccharides %'>5%).
 

Strong hemagglutinating activity tmoards bovine red 
!lood
 

cells was observed in seeds 
of Centrosema (5 accessions)
 

Crotolaria (5 accessions) and Easao-Us 
 la-hxrcids (0
 

accession',
 

Cyanogenic olucosides were very 
low or nondetectable 
in all
 

samples tested.
 

202
 



INTRODUCTION
 

Aside from proc-mate compcsition and dry matter
 

digestibility, the nutritive values ol 4orage can be limited ty
 

the presence of deleterious substances. Some are outrioht toxins
 

causinc ill health or ceath tc animais while others do not cause
 

symptoms cf ii' nealth but cause reduced production. These
 

dietary-aependent disorners were classified by Reid (1973) into
 

seven groups a:cording to their causes: (!) nutritional
 

mismatchino, (2) mineral poisoning, (3) ooisoning by naturally
 

occurring substances, >) cisturbances 3f numinant physiology or
 

metabolism, 1'5) interactions of nutrition and noxious agents,
 

(6) poisoning cv che,nicals introduced by man and (7) physical
 

damage. Otner reviews on tne sub.:ect have been made (Hegarty et
 

a]. !935. Pegiarty. !921).
 

This stuoy aimed to oetermine the presence and lemI of
 

several anti-nutnitiue factors in seeds anc other parts of
 

several Pnil1pp ne indigenous legumes. 'ost cf the samples used
 

were seeds because ea-':er studies showed that tne anti-nutrients
 

are usually localized in seeds. These anti-nutritive factors
 

are: saponins, phytate. polvpherols, oligosaccharides. lectins
 

and cyanogenic glycos~des. Descriptions and effects of these
 

factors are given in other portions of this report. The study on
 

alkaloids is presented in the following paoer (Rodriguez and
 

Mendoza, 1988).
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M'ATERIALS A4D METHODS
 

S.aples. Seeds of 
the forace legumes were obtained from tke
 

National Plant 
Genetic Resources Laboratory of IPB and grown in
 

the IP9 experimental 4avms to 
 obtain fresh samples. These
 

legumes were: Meschynomere, 
 Cassia occiia ijs or balatong as3,
 

CaioPogonium, Cenrosema, 
 Crotolar!i. 
 Desmcditim. Pcroogoi.
 

Phaa~j ..
.aise~lu~ onije-s and RecianLa nibsenjij:. 

Chemicals. All chemica's used were of analytical orade.
 

Preparation of Samples. 
Raw mature seeds were dried at 45 C
 

for 48 nr, ground and Passed 
 tnrouah 60 mesh. Cyanooenic
 

glycosides were determined in fresh samoles.
 

Analyses. (I) Sa~onins 
were analyzed by the modified
 

Liebermann-Burcnard 
 test described bi Lubag et al 
(1988) and
 

by the froth test. 
 (2) Phytate was measured according to the
 

method of Wheeer and =erel 
(1971) and expressed as phytate­

phosphorus. '3) 'olvphenel content was measured usino the 

mod,4ied van~iln assay (Price et a], 1978) and protein 

precipitation (Hage~man and Butler, 193). (4) Gligosaccharides 

were determined by sub:ectirc 70% 
etanol e:fracts to thin layer
 

chromatography using 
 HPTLC vlates and suoseauent densitometer
 

analysis (Revilleza et a!, 1988). 
 (5) Lect~ns were estimated by
 

means of their hemacolutinating activity ,Barrooa et 
al. 1988).
 

(6) Cvanogenic olycosides were determined using 
 toth enzymatic
 

(Reay and Conn. 1970. 
and picric acid method (Revilleza et al,
 

1988).
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RESULTS AND DISCUSSIN
 

Saponins
 

Saponins ranged from 0,26 to 0.92. in 7 species tested
 

those reported for
(Table 1). These values are much higher than 


was oositive to
food legumes (Lubag 34 al, 1988). Froth test 


highly pos~t've. Among 4orage legunos, alfa'fa (dli a9c .sa-imz)
 

been reported ,Jones, 1969, as by Bray, 1981). 


saponins are bist studied and nad beer shown to cause typical 

symptoms o bloat in ruminants (Coulson and Davis, 1962). 

Efforts towards mooification of sapon;m content 'n alfalfa had 

c'ted The 

some saponins have a.sc been implcated
ant~fungal properties of 

in disease resistance of plants. SaPon~n fo alfa'fs has been 

shown to depress growth of the beetle tnibc-um czsiqn.uM) 

larvae :Sharv et al. 1970).
 

Polyphenols
 

The seeds of Aeschy/iomene. Cassia occidentalis, Calopogonium,
 

and Porpcgon had low lc, els of fiavanols as measured by vanilin
 

to 30 times less than in mungbean
assay (Table 2), about 19 


(Barroca ei al, 1985). Onlv Centrosema and 2- .tb=r.ibPs seeds
 

!0.12 me catechin/g).
had considerably higher flavanols (5.57 to 


Crotolaria had no detectable flauanol group.
 

Low- levels of Droteir precipitable polyohenols were also
 

to 1.81 mg tnnic acid/a)
obtained in the samoles tested :0.13 


(TAE) comoare6 to sorghum I.03 to 5.66 ThE) (Bulard et a',
 

1981) and cotpea (I.44 to 4.77 TAE) (Laurena ei al, 1983) but
 

hicher than for munobean (0.16 to 0.61 TAE (Barroca et al,
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1985).
 

These results indicate 
 that these seeds of the species
 

analyzed had low 
 levels of polypherols of the hydrolyzable
 

type. thus oerhaos, do 
 not cCnstitute 
a nu"iticna problem.
 
Reviews had 
 ea-iien concluded the lack o4 ev;derce 
 for Forace
 

tannins to be harmiul in runinent :,ets (hcLeod. 
 -974: Price anc
 

Butle", 19B). 
However, 
in cases where hydv'olyzable tannins 
are
 

hydrolyzed to 
 liberate 
 cailic acid or vrocailol 
 which is
 
absorbed 
 in such auantity as 
 to oveccrre 
 the body's
 

detoxification 
 system. 
 k~dney neurosis and mortality can 
 occur
 
(Hegarty et 1995.:
al, Pigeon et 
a'. 962. McCosker and Hunt.
 

1966).
 

Tannins nay even be needed in forages. Earlier studies had
 

shown that tannins 
are not present in the 
 leaves of bloat­

inducing temperate legumes, but are 
oresent in leaves of 
legumes
 

which do not cause bloat (Ross 
 and Tones, 1974). Thus, a
 
strategy for recucirg/removing bloat Drocucing 
property of 
 a
 
forage is to increase 
tann~n content 
 ;n leaves (Bray. 198!.
 

Interestingly. 
bloat seems not 
:o be a oroblem with tropical
 

eoumes among 
,nhcn on,'y D 
 Imnda. had been repo'ed to induce
 
bloat (Harmilton and Ruttr. 
 '969). Howeue-. 
 the absence oz bloat
 

was not correlated with tannin content 
 Hutton and Cooie. 
 .1966.
 

Phytate
 

Of the samples tested only 4 had lwer than 5 
mg phytate
 

P/g, all others 
 had hnqher than 5 with Calopsaonium JS-! and
 
Porpogon BPI-TI 
 having the highest values of 9.60 and 10.30,
 

respectively (Table 2). 
 Phytate in the seed makes about 50% 
 of
 

2t66
 



the seed's phos~horus unavailable and it also could complex with
 

other minerals to make them less available,
 

Oligosaccharides
 

Among the samoles analyzed, seeds of Aeschynomene, L­

n nrt;.alis and Calopocniun had relatively hich levels of
 

oligosaccharides *)5X) (Table 3). Aeschynomene and 

ncczil.ed.alls 'ad hioher ra~finose than stachyose and verbascoss
 

ccnbined. The other's hac s!ilar contents sf the ?bove ur he
 

reverse, i.e, htigher stacnroce arc verbazcose tnar afinoe.
 

Varietal dif4erences were alsc ouite endenx.
 

Since :Iigosaccharides are locailzed in mature seeds and are
 

much lower n the other oarts of the p;art ORevifleza et al.
 

1988), they probably are not the major cause of gas production
 

or bloating in livestocK, Bloat in catt!e has been shown To be
 

caused oy soluble leaf proteins which form stable foam in the
 

rumen that prevents the removal cf gases produced by microbial
 

fermentation of ingesteo food.
 

Lectins
 

ilmonq the ;orage lecu7es :nvestocaked. Centrosema, Crotolaria
 

and Calooooonium lad strono HA o bcvine RPC but little or no
 

reaction to rabbit. human A and 0 RBC (Taole 4). Laaoia as
 

accessio 158 hac a stronc hemacooutinatino ?ctioiv acainst
 

bovine RBC bui the accession IPB had none.
 

Porpoqon, Desmodium and , cci/el.A IIs had sl iht to
 

moderate hemagglutinatino activity to bovine RBC and nostiy, no
 

such activity to the other RBC's.
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in general, 
the forage legumes had strong hemaog'utinating
 

activity 
 against bOne RSC ccancared to the strong
 

hemagglutinating of food legumes against rabbit 
 R9C (Barrooa et
 

al. 
 1988) suggesting d;iferen- ccoDosit'o1 o their active sites, 

Cyanogenic Glycosides
 

The HCN ootential of centrosema (5 accessions) Porpogon, 

Kudzu, and Crotolaria .6accessions), ir immature and mature 

leaves and immature pos was nil or zero. The picrate method
 

which has the tendency to overestimate cyanide due to its
 

reaction with other volatiles such hydrogen sulfide, a!dehydes
 

thiocyanates and nitriles. 
 HGwever, even this method failed to
 

detect cyanide in the samples tested. Cyanocenic glycosides are
 

shown to occur -P pasture s:ecies such 
 as zid.±n , 

£xnnion a- _1n, f- aa1binn-is an, various 5 nn.u species 

(Hecarty, 192t),
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Table 1. Saponin in raw mature seeds 
forage legumes. 

of several indigenous 

Sample Saporin (W) 
L ebermann-Burcrard 

Test 

Froth Test 

Aeschynamene IPB 0.56 ++ 

Caiopogonium 8EI-l 

iS-I 

0.48 
04 

.+ 

-

Certrocema JS-: 
BPi-Tl 

0.26 
0,76 

Crotolarta PC-! W8 

Desmodium DQ-I 

0.76 

0.52 

++ 

93 0.8 + 

Kudz, 8 9.48 + 

Ponoogor 8pi-TI 
Calauan 

0.92 
OlA 

t+ 
+ 

211
 



-------- - --------------- -------- --------------------

------------------------------------------

Table 2,..Polyphenol and phytate content of raw mature seeds of
'Philippine indigenous legumes.
 

Pol ypheno!s
 

Samples Vani!in 
 Protein 
 Ohytate phosphorus
 
;ssay precipitation 
 (mq 1/9)
%rg catech!n/g) rn*Mtannic acidac)
 

Aeschynomene
 

Balatono aso
 
BP 


Cal opogoniu,n
 

JS-I 


Centrosema
 
JS-I 

BPI-T 

3P-TB 


Crotol aria
 
NB PC-1 


9M--

WB PC-

Desmodtun:
 
DO-! 


93 

195 

158 


Porpogon

BPI-T 

Cal-Lao 


IP9 

158 


aLLl aa.t.s
 
K(udzu 8p 


1.37
1P9 0.42 
 5.82
 

0.![ 0.75 
 8.24
 

0.97 
 0.26 
 5.74

0.29 
 0.69 
 9.60
 

5.57 
 0.59 
 4.79
 
6.83 
 0.99 
 5.31
 
6.92 
 0.51
 

0 0.42 4.01 
0 0.9I 5.76
 
0 
 0.42 
 5.71
 

nd !.S! 2,37
 
nd 
 0,38 
 7,06

nd 
 !.0 
 6.61
 
nd 
 nd 
 6.88
 

0.37 
 -
 10.30
 
0.19 0.48 
 -


7.38 
 0.13 
 5.89

10.12 
 0.27 
 6.24
 

no 
 0.18 
 4.91
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Table 3. Oligosaccharide profile of raw mature seeds of
 
Philippine indigenous forage legumes.
 

Samn n1e X Raffinose X Stachyose X Tctal 
+ verbascose ol;cosaccharides
 

Aet:1vnomene 5.04 2.92 7.96
 

cassia
 
ac.cidec.1aIis 3.78 5 2 5.36 

Ca opogcnium 
JS-! 3.08 2.94 6.02 
DM-I 2.37 2.03 4.43 

Cernrosema 
BPI-TI 0.73 0.97 .70 
JS-I C,73 0.84 ,.57 

Crotolaria 	PC-I 1.50 2.04 3.54
 

Desmodiurr 93 2.84 2.32 4.16
 
Do-! 0.78 2.75 3.53
 

aal£cdjas. 	1582., 2.98 4.69
 
lPB 1.27 2,_0 3.97
 

Poroocon 	BPi-T, 1.27 2.16 3,43 
Calauan 0.17 1,02 .. 19 
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Table 4. Hemagglutinating activity in several Philippine
 

indigenous forage legumes.
 

RBC
 
Forace leournes ,
Rabbi Bovine Human A Human 0 

fLASs-ta nrijLManaI±
 
Balatong aso ++ - -


Ceniosema JS-1 
 _ +&+ ­ -
BP!-T 
 - +++ ­ -
BPTB 
 + +4- -

BP ­ ++ - ­
BM-I - .+. ­ -

Crotolaria BM-I - ++ _ ­
18-PS-i + +++ _ 
tiB PC-I + 

­

,+ _ + 
BV-I + ++t 
 _
 
JS-! + +++ _ _ 

Desmodum 93 ++ _

:95 

2haaaalus 

!PS ­ -

Pcrpooon BPI-T + + _
 
Ca'auan + +4 

­

- _
 

ibasaoiua J 2-; ....­

DO-I .... 
-P ­ - -

Average of 2 reolicates 
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ABSTRACT
 

Nine forage legumes indigenous to the Philippine were 

screened for the presence of alkaloids. These are: AescnYnomene, 

Ca"s .a.-r.1He.n-a..L, Centrosema, Caloocoonium, Crotolaria, 

Desmodium, Puerar'a. Phbaseau.% Iali oxldas and Porpooon. 

Inwnature and mature leaves of Centrosema (4 accessions and 

Calopooonium (I accession) had very hioh levels of alkaloids.
 

Alkaloids were also detected in the leaves of ke~bscohanpa and in
 

seeds and mature leaves of Crotolaria.
 

Removal of alkaloids was effected by soaking of mature and
 

immature leaves for 30 to 60 min at 45 to 60 C.
 



INTRODUCTION
 

Among the many types of alkaloids, pyrrolizidines, the
 

qulnolizidines, diterpenes, tropanes and steroidal subclasses
 

Alkaloids
have deleterious effects on livestoc0 (Everist, 1974). 


of the pyrnolizidine group are strong hepatotoxins and are found
 

in species of Amsinckia, Crotolaria, Sepecic. Heliotropium and
 

other genera which are cormon grazing areas (Culvenor, 1973).
 

Some of the disorders due to alkaloid toxicity 
 are toxaemic
 

liveweioht oain and milk production, 4sudden
 

death' syndrome, "phalaris staggers", etc (Hegarty, 1981).
 

This study aimed at screening for the presence of alkaloids
 

in different parts of several Philippine indigenous legumes
 

namely: Aeschynomene. f.ssia D.I.n. aILs, Centrosema,
 

Calopogonium, Crotolaria, Desmodiumr Pueraria, Phaseolus
 

lathyroides and Porpogon.
 

jaundice, reduced 


MATERIALS AND METHODS
 

Materials
 

Seeds of the above mentioned legumes were obtained from the
 

National Plant Genetic Resources Laboratory of IPB and gown in
 

the IPB experimental farms to obtain fresh sampies.
 

All chemicals used were of analytical grade. Samples of
 

seeds, leaves and pods were dried at 45 C for 18 hr, ground and
 

passed through 40 mesh.
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Analysis for Alkaloids
 

Screening for the presence of aikaloids was done according
 

to Hultin and Torsell (1965). Each sample (4 g dried materials, 40
 

mesh) was incubated with 40 mL of methanol overnight and then
 

warmed for 4 hr at 50 C. The mixture was filtered; the residue
 

was washed with 20 mL of methanol and the combined extracts
 

evaporated i.uarun, The residue was suspended in methanol (2
 

mL) and 12 mL of I. HC1 added. The mixture was shaken and
 

filtered; another 
 8 mL of !Y HCI was used to wash the residue,
 

The filtrate was made basic with concentrated NH3 and extracted
 

with three 20 mL of chloroform (Fraction A), The aoueous
 

solution was next made half-saturated with sodium sulfate and
 

extracted three times with 20 mL of chloroform: ethanol (3:2 v/v)
 

(fraction B), The organic phases were washed with 5 mL of half­

saturated sodium sulfate solution and dried with anhydrous sodium
 

sulfate.
 

The two extracts were 
evaporated separately in ua.un and 1.0
 

iL of HCl and 1.0 mL of chloroform were added to each with
 

vigorous shaking. The aqueous Phase from each was pipetted off,
 

filtered through cotton and divided into six portions. These
 

samples were tested with the 4ollowing alkaloid reagents:
 

Mayer-'s, lagner's. Dragendorff's, Sonnenschien's silicotungstic,
 

and Hager's reagent. The amounts of precipitate found were
 

compared to those resulting fron caffeine solutions.
 

217
 



Treatments for Removal of Alkaloids
 

Two hundred g oi dried ground sample was mixed with 250 mL
 

of distilled water. The mixture was placed in a water bath at 30
 

C for 15 min and centrifuged, and the supernate removed. The 

residue was recentrifuged and the remaining liquid decanted. The 

residue was dried and subjected to alkaloid extraction and 

analysis, according to Hultin and Torsell (1965).
 

The process was repeated for the following treatments: 30 C,
 

60 min; 45 C 30 min; and 45 C, 60 min.
 

RESULTS A'ID DISCUSSION
 

Among the samples analyzed. Centrosema had the hiohest
 

levels of alka!cids, followed by Calopoconium and then by
 

Crotolaria (Table 1). For Centrosema and Calopooonium, immature
 

and mature leaves but not other parts contained alkaloids. In
 

.n.olariq.a, mature seeds and leaves had hich levels of alkaloids.
 

Alkaloids were also cetected in immature and mature leaves in
 

Aeschynomene and £a-s.sLa nrcrir!anlf..is. Species which were
 

negative for alkaloids toere- Desmodium, Pueraria, 2 Whybnitdis,
 

and Porpogon.
 

Crotolaria has been reported to contain hepatoxic
 

pyrrolizidine alkaloid and are toxic to both ruminants and non­

ruminants. However, feeding of 'young plants of C. Luacaa te
 

cattle in Thailand did not cause narmful effects (Wailapon and
 

Pongskul. 1984).
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Detoxification
 

For immature leaves, removal of alkaloid was effected by heat
 

treatment at 60 C for 60 min Centrosema, and only 30 min at 60 C
 

was for Aeschynonene and Calopogonium.
 

For mature leaves, removal of alkaloid was completed by
 

soaking treatment at 60 C for 60 min for Centrosema and 60 C and
 

30 min for Caiopoonium. For Aeschynonene and Crotolaria 45 C ­

60 min treatment was required.
 

Tnese treatments are mild and may not affect nitrogen
 

digestibility and other constituents c the sample, Decrease in
 

nitrogen digestibility had been shown in forages dried at much
 

higher temperature of 180 C (Goering and Waido, 1979),
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Table 1. Alkaloid content of the mature seeds, mature and
 
imaature pods and mature and leaves of same indigenous
 
forage legumes.
 

Variety AiKaloid Content 
mature immature mature immature mature 
seeds oods pods leaves leaves 

Aescnynomene -1 - ­

2 - .+ 

Balatong aso SP - - - ­

24 ..... 

Centrosema 84-1 - - - ++++
 
BPI-TI - m ­
JS-I - - - ++. +++
 
BPTB - nd nd +4+ .+.
 

Calopogoniun JS-1 - - - +++
 
GM-! - - - + +
 

Crotolaria PC1(NB) ++ - - - +
 
PC1(W9) ++ - - - +++
 
BM-i 4 - - -


Desmodium DO-! - nd nd - ­
DQ-2 - nd nd - -
CT - nd nd nd nd 
93 nd nd nd nd 
195 - nd nd nd nd 

Pueraria 
Kudzu DO-! - nd nd - ­

JS-1 - nd nd nd nd 
BP- nd nd nd nd 

R.na.seBD.._s 
-P9 ­±Lhzoea s [e 

158 -

Porpooon BPI ­

a 
High positive, ++; positive, +: neatiue, ­

nd, not determined.
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Table 2. Alkaloid detoxification of immature leaves of selected
 

indigenous forage legumes.
 

Var ety 
 Treatment
 
30 C 45 C 60C
 

30 min 60 min 30 m~n 60 mir 
 30 min 60 min
 

Aeschynomene

I + + + 
 +
 
2 + + 

Centrosema
 
BM-1 ++ +++ 
 +++ + + _BP!-TI +++ ..+ ++ +. 
 .
 
JS-I ... +4+ + + 
 _
 
BPTB .++ ++ + + + 
 _
 

Calooogonium
 
JS-I +t+ +4+ 
 + +
 

a 
Highly positive, -, positive. +; negative, 
-. 

Table 3. Alkaloid detoxification of mature leaves of some
 

indigenous forage legumes.
 

-

Variety 
 Treatment
 

30C 45 C 60 C
 
30 min 60 min 30 mir 60 m:n 
 20 min 65 min
 

--- ~~~~ ----------------------


Aeschyncmene
 
1 + + +
 
2 + + 
 -

Centrosema
 
BM-I +++ 444 + + 
 + ­
BPI-TI .+. ++ + + + _

Js-1 .+. +++ + + 
 -
BPT +++ ++ + + +
 

Calopogonium
 
JS-I +.+ +++ + 
 +
 

Crotolaria
 
PCI NE) + + + 
 + _
 
PC: (WB) *++ + + - + .

SM-! + + + 
 _ . _
 

a 
Hiah positive, ++- positive. +: negative, -, 
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XVII
 

AMINO ACID COMPOSITION, RELATIVE NUTRITIVE VALUE, IN VITRO 
PROTEIN DIGESTIBILITY OF SEEDS OF SEVERAL PHILIPPINE INDIGENOUS
 
FORAGE LEGUMES
 

Anion:o C. Laurena, Eveiyn Mae T. lendoza, Noel Sabino,
 
Agnes F. Zamora and Felicito M . Rodriguez
 

Institute of Plant Breeding, College of agriculture and
 
Institute of Biological Sciences, Collece of Arts 
and
 
Sciences, Univers:ty of the Phliippines Los Banos
 
College, Laguna 4031, Ohilippines, Please address
 
correspondence te -iTM.
 

ABSTRACT
 

Meth,cnine -was the first lim-tino ar ns . ac~d, 4ollowec 
 by
 

leucine, 
 in raw mature seeds of 9 .forage legumes ana'sed, High
 

methionine content 
(>2.0%.) 1.wasobserved in (esch,ncrene 4.cc. IP6
 

(3,1%), Kudzu 9P
cc, e5.' and Rbazin-z_ nn. daL Acc. !PR
 

(2.:). Very high 'Ysine (->.O0% t,-jas
also coserved in 6 samples. 

Relative ut,-rti e value k.R'KYj_ofrat, -ature seeds ranged
 

fron 15','Cen',"Jsema) and 77, (Crotolar,:. NB-PC-I). Cooking the
 

seeds by boiling or roasting increased P.NY from 72 to 95%.
 

In vitro protein digestibility (IVPD) o4 the 
 raw mature
 

seeds ranged from 73 to 80%.
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INTRODUCTION
 

The nutritive vaiue of animal feed denenos on 
 chemcal
 

composition and the dioest!tility ano nature of dbcested
 

oroducts, Overal pasture/forace cuait>' ther depends on
 

nutritive value and intake, 
 the latter being afected bv the
 

acceptability (palatability), rate o; passage, forage
 

availability per animal ano
per unit time environmental effects
 

on the animal (Barnes, !65).
 

As oart of our study to determine the nutri'ive values of
 

nine Philipone indigenous legumes. the following analyses were
 

made: amino acid comDoct;or, relative nutritive value 
(RN), and
 

in v:tro nrotein dioestibility ,'AVPD). The Drsximate comoosition
 

of these ;ecumes was reco-ed Es Rodrcuez and Mendoza k1988 
.
 

The lecumes stuciec we-ei anzbynn, belatoro aso 1ann
 

nc.ine.a.iws), Calooogoruum, CenPosema. Crot3oa-ia, Desmodium,
 

KO:dzu (Puerarta. Rasn LaIiLzoaias ano Porpo 
cnr.
 

MATERIALS AND METHODS
 

Materials
 

Seeds of indipencus forage legumes were obtaineo from the
 

National Plant Genet,: Research LaDoratory (NGRL) of the
 

Institute of 
0 !ant Breeding and planted to obtain 4resh materials
 

of leave. Dods and seeds for analysis. 1.Tt nyema P-ezL-incl-ns
 

WATCC 1O542 was obtained 
 4rom the Nlational Institutes of
 

Botechnolccy and APol ied !crob:ology (BIOTECH).
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Preparation of Samples
 

Leaves, pods and mature seeds were separately dried at 45 C
 

in a forced draft oven 
for 48 hr. Afterwards, they were around
 

in a Willey '111 and passed through 60 mesh sieve.
 

Amino Acid Analysis
 

Defatted, Qrounc 
 samoles ccntaining 6,25 rm protein were
 

heated 
 in o N HCI under vacuur fer 2a n at 110 C, (fter sanple
 

clean uD. the acid 
hydrolvsa-4es ;jrere
crted under vacuum and
 

redissolved ir citrate buffer PH 3.2, 
 -he aninc acic naysis
 

was done usirc a .aters HPLC system kqwth 
3 C,:ticn eXL1ange resin 

a post coluirn reaction unit usinc ortnoa!ehyde and hypcOchrite
 

as deriuatizing reaoents 
and a fluorescence detector 
 (Millipore-


Waters Assoc, 19CS;.
 

For determination 
of cysteine and methionine, samples were
 

subjected to Derfonmic acid oxidation,
 

Relative Nutritive Value (RN')
 

The RNJV assa, procedure of Stott et 
al (1963) with minor
 

modifications was used.
 

In Vitro Protein Digestibility(k)p)
 

The mutterzyme technique of Psu 
et a' for U1D (1977) i,as
 

fo fowed, 
 The IVFD t~vaca~cul ated 3:,cor:,no to the regressior
 

eouatior 
 ~.0 
 k)'FYD'1) r d X H'~~r a1,4 

of the sarole suspension after 10 min dioestion with the
 

multierzvme so!utor.
 

Preparation of Samples for 
WJ
 

Samples of 
seeds were boilec or 
cooked until cooked,
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RESULTS AND DISCUSSION
 

Amino Acid Composition
 

Tab;e I summarizes the amino acid pattern of the raw mature
 

seeds of forage legumes stucied. As expected. methionine was the
 

prevailing first limiting amino ac-d w ith lucipe as second
 

limitino amino acid.
 

Notably, several samples were identified to have high met
 

ccntent -> 2.5%). namely: Aeschynomene !PB (3.1-)., 'ud:u BP
 

(4.5%'). Phaseolus "PB (2.8). Lysine was very high () '0/) in the
 

fo0lowinG: Aeschynomene !PB (11.5.). Calopogonium (1,5.%),
 

Crotolaria PC-IN3 1',2), Crotolaria PC-!W1B ,11.3%), Cassia
 

T-.bias.enn.sii_±h 'i. 


k-ariabi Iity :n amino acid content amonc accessions was also 

observed ,Tabie I'.
 

12. 7%) aid 10 .57.;.
 

Relative Nutritive Values
 

RN' of the r3Lw samoies ranged from 15% (Centrosena GM-1) to
 

:rotolaria NB-, 797. (Table 2). Crotolaria had tne hiohest RNV
 

(52 to 797). A larce variation was seen with CenTrcsema (15 to
 

59./)
 

Cooking the seeds by boiling or roasting :ncreased RNV from
 

72 to 957. This indicates that some heat labile toxic
 

constituents which could be orotein !n nature in the seeds were
 

inacTivated or removed by heat treatment. The presence of toxins
 

forages limits animal production from Pastures OHegarty, 1981).
 

The toxin n:as. causes degeneration of skeletal
an .d:ie.s 


and cardiac muscies but has not been identified (HeDert et al,
 

http:T-.bias.en


1983). The 
 oresence of heat stable 
toxins like 
 alkaloids 
 and
 

saponins has been reported.
 

In Vitro Protein Digestibility
 

IVPD of seed oroteins of the indigenous forage 
 legumes
 

ranged from 
73 to 
BOX (Table 3). Crotoaaria had 
 the hiohest
 
leve!s '79 to O0.). Centrosema had the 
lowest levels (7<),
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Table 1. Amio acid 
cmosition of rm 
atue seeds of indigenoes forage legms.
 

a~~e 
A0 i~ "' a~1w xmo 

is P'cte:r, content 
i . 6..25 , inc acd/ 102OCsam, e)Cys* Met* Tr.** me Thr Fhe 
 Lys Val Leu 


e Pe Tvr Gly Ala Prc 4;s 
 s
2.6 2.1 0es.e 2.3 3.3 
A .. slu Sen0.2' 4.5 11.5 4.2 3.6 4.5 
 :.e 5.2 4.5 
 1.6 
 1.9 t3.2 9.9 l..1 5.-4
ua!-i 
 3.28 1.8 
 1.1 0.!9 2.5 4.8 
 4.2 3.7 2.4 3.2 3."
4*4 
 4.0 3.8 2.2 
 ".3 5.2.ai ~o: -! 3244 0.6 :5.3 4.7.8 .0 
 9.20 2.9 
 2.9 4.0 11.5 4.2 3.3 3.7 2.5 
 3.6 3.3 2.4 
 1.0 5.* 
 ,3
:assia 12.: 3.2
21.02 
 1.2 
 1.! 0.10 1.2 3.2 4.5 :2.7 4.0 5.4 9.8 
 3.5 5.2 4.5 
 3.6 1.7 3.7 7.7 !2.: 4.6trose~a .-
 22.73 
 9.16 E.7 
 2.0 6.3 ­ 7.0 3.4 4.2 
 5.2 4.0 3.2
e S-1 7.6 6.9 5.4
i;.?2 8.6 12. '.8
3.16 3.9 4.0 7.2 6.2 5.9 6.2 
 6.2 7.4 4.3 
 3.5 3.9 2.2 
 6.4 9.3 :4.3 5.0
:entrese.a E.;7-T: 18.45 0.21 0.9 4.5 4.9 3.9 6.1 5.6 
 2.1 3.9 5.7 4.6 .5 
 3.2 .4 :.9 
 -.5 4.5
 

. _-.3 
 26.78 
 0.12 18 2.7 2.6 14.3 2.9 2.8 4.0 2.9 
 5.! 3.4 2.3 2.
- 9.7 7.0 4.5- E 28.08 1.2 1.! 3.9
0.06 1.2 3.2 3.4 I.3 
 3.5 3.4 4.5 
 2.4 4.2 1.9 
 2.0 1.! 7.7' "0.! 2!.2 4.8
34:oaa
-: 30.6! 2.9 3.3 0.09 0.8 
 2.7 2.9 8.! 2.9 2.9 3.7 2.! 3.5 2.: 
 3.9 1.3 7.2 
 9..
" 6 4.0
30.75 
 0.9 5.9 2.7 3.1 
 2.8 3.9 5.2 3.8 2.2 
 3.4 3.2 
 1.5 1.5 ..? 9 7
e.* :2.2 2.?3 29.96 0.27 5.6 4,0 5.8 5.1 
 4.9 3.9 4,5 4,3 
 4.3 5.1 1.9 
 2.3 4.3 .0 
 18.3
195 3C.97 1 50.12 1,3 3.6 0 6.3 4.6 3.! 3.9 3,4 4.! 4.2 2.9 6., 7.1 :1,1 15.5 . 

.udzu 3. 
 .46 
 l.! 4.5 0.32 1.5 
 2.6 3.5 5.6 
 3.6 4.6 3.3 
 3.8 2.6 2.8 
 1.2 1.! 5.3 7.2 13.2 3.?
z DQ-. 
 27.43 
 0.!1 0.8 
 2.3 -4.2 
 127 3. 
 3.6 2.9 4.5 4.! 
 1.1 2.0 
 5.4 9.6 
 15.'- 4..
 



Lec=e Sno'e Froxiiate conteri 
% N 6.25 Cys* Met* Trn* 

Amino Acid (%arino acid or a amr.o a-IS/0O s&'De) 

Met Thr Phe Lys Va. Le, lie Tyr Sly Ala Pro His Ara As; 3iU 

Kudzu J.-- 33.6 0.12 -..5 3.2 5.3 8.9 3.9 3.5 4.9 5.3 3.5 3.9 2.5 5.2 5.9 9.9 7.0 

Fhaseclus .58 23.24 0.17 3.9 3.4 2.9 9.(! 7.1 3.8 4.8 3.7 3.6 3.9 6.2 2.4 5.6 9.3 !'.t. 

Pnsess '.0 22.5. 3.9 2.8 0.10 1.2 2.9 4.4 I.5 5.0 3.8 4.2 2.5 3.5 3.8 4.1 1.1 9.0 8.2 13. 

pcrpzoon a=1 

3op:c-cB=1-Ti 

B.; A-casepn*** 
-- --------------

33.10 

29.66 

95.10 

1.3 

-

1.I 

- -

2.0 

1.3 

2.5 
--------------

4.2 

4.4 

3.8 

7.6 

6.4 

4.4 

5.7 

4.6 

7.7 
- -- -

6.7 

6.4 

5.4 
- --

4.6 5.8 

4.0 5.7 

8.3 4.9 
---- --------------

6.! 

4.0 

6.1 

6.0 

6.5 

1.6 
--

5.9 

5.7 

2.9 
-----

2.4 

3.0 

7.5 
-

2.9 

3.3 

2.0 
---­

7.2 

7. 

3.7 

14.0 

11.6 

7.s 

23.: 

2!., 

21. 

A.ahysis of. : ind Cys :v oer.ormic mc~dcxidat~or. 

AnaYs~s tsccecrin.,r:.c nethod. 

3;ver i3 ooa~a 



- ---- - - ---------------- - --- - -

... maxurea seeds of 
 several Philippine

indigenous forage legumes.
 

Sample 

Relative Nutritive Value
 

raw 
 boiled 
 roasted
 
-
 -
 -


Cassia occidentalis
 
balatong aso BP 55.58 1 1.29 80.80+ 3,78 64.78 t3.36 

Cal opooon i ur 
J5-1 
EM-

52.56 1 1.33 
'3.41 - 4.99 

00.96 ± 3..9 
76.1, + 1.44 

2.77 i 
99.26 ± 

1.40 
5.20 

Centrcsena 
BPTB 
BM-! 
JS-3 
BPI-T! 

59.07 ± 2.27 
24.93. 2.02 

29.36 ± 2.62 
45.55 z 2.86 

75.09 ± 1,77 
82.84 ± 3.96 
72,56 i 2.61 
76.28 ± 1.97 

t7,00 : 6.85 
386.26 + 5.20 
95.67 2.43 
51.99 2.4 

Crotolaria 
DM-1 
NE-PC-I 
W8-PC-! 

59.21 + 2.77 
79.93 t 2.0H 
51.79 + 0. 

85.60 ± 1.57 
89.79 ± 4.08 
82.42 L 5.14 

70.23 + 4.72 
86.7 : 4.0, 
68.90 + 6.90 

De smodium 
93 
195 

,4. i 1.6? 
56.61 A 2,6? 

85.77 t 1.86 
92.!j1 2.i2 

59.49 + 5.24 
73.29 44.87 

4ase.aLaida-s
Kudzu 8P 
 'I.17 ± 6.41 86.84 t-1.26 
 75.24 + 3.7d


JS-
 49.36 ± 9.83 95.64 : 2.00 
 81.25 ± 3.33
 

E~iasaaus !aibx-Ljda&
158 
 54.84 ± 1.29 74.97 f 0.00 
 76.32 t 3.03
IPB 
 55.8? 
 3.09 73.58 ± 2.82 
 73.77 t 5.24
 

Poroogon

8Pa-T! 
 20.06 t 4.86 89.95 + 4.?3 
 74.30 ± 3.25
Cal. Lao. 
 51.14 i 7.32 89.03 ± 4.99 
 72.39 + 6-38 
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Table 3. In vitro protein digestibility of raw mature seeds of
 
several Philippine indigenous forage legumes.
 

Sample lVZD f.X)
 

Aeschyncmene 10S 
 77.87
 

Cassia occidaaiis 
BP 77.29
 

Calopogonium 
B- 73.3 
is-! 73.22 

Centroserna
 
-! 73.54 

JS-! 73.00 

BPTB 72.95 

Crotel aria 
SM-i 
 79.61
 
NB-PC-I 80.00
 
LB-P:-i 78.50 

Desmodiur
 
93 
 78.19 
195 
 78.56
 
DO-! 
 79.54
 

Kudzu
 
9P 
 74.12
 
JS-1 
 73.67
 
DO-I 77.42 

Etha-s..zls .atbh.n H _s 
158 
 76.31
 
IPB 
 77.55
 

Porpogon
 
BPI-TI 
 79.86 
Cal. Laouna 78,49 

233
 



XVIII 

SURVEY ON USES OF SEVEN PHILIPPINE INDIGENOUS LEGUMES:
 

A PRELIMINARY REPORT
 

EVELYN MAE T. MENDOZA
 

Biochemistry Laboratory
 
Institute of Plant Breeding
 
College of Agriculture
 

University of the Philippines Los Baflos
 
College, Laguna 4031
 

ABSTRACT
 

Partial results of a survey on uses of indigenous legumes in
 

the Philippines revealed that hyacinth bean (batao) and lima bean
 

(patani) had the highest rates of usage, 78% and 59/,
 

respectively, followed by rice bean (22/), sabawel (15%), jack
 

bean (11%) sam-samping (11%) and sword bean (4%).
 

Mature seeds are primarily used for "ginisau dishes while
 

immature pods and immature leaves are used as vegetable in
 

vegetable dishes like salad, "pinakbet", "lumpia", "ginataan" and
 

as vegetable component of meat dishes such as usinigang" and
 

"nilaga". Hyacinth bean, lima bean, jack bean and sabawel were
 

also noted to be used as animal feed. Sabawei seeds are roasted
 

and used as substitute for coffee.
 



INTRODUCTION
 

This survey was conducted due to lack of written
 

Information on the various uses of the indigenous legumes and the
 

is not
extent of their utilization in the country. Although this 


covered by the objectives of the project, the information
 

obtained from such survey can help in planning how research
 

results can be disseminated and can be made useful to many
as 


people as possible.
 

The results presented and discussed herein are still partial
 

but could already reflect how these indigenous legumes are
 

utilized in the country. The legumes covered by this survey are:
 

jack bean (Can£au.taL a en.siljrmis), sword bean (fanAUAI-a gia.Laa)
 

sabawel (M="rj~na pr-IzLns jc cnrhincbinaosis), batao (Dn.Lrhcns
 

(£lLtn1La I-ncAtea) , lima bean (B_.aseolu.s
.Labl.a ), sam-samping 


lunaiugs) and rice bean (-Vlira umbell-a a).
 

METHODOLOGY
 

Survey forms and photographs of the legumes accompanied by a
 

short note, (Appendix-A) were given to possible respondents in
 

the Los Bafros area. The target respondents were 10 individuals
 

from each of the regions of the Philippines. As of this writing,
 

forms have been collected.
only 46 accomplished survey 


Difficulty was met in getting respondents who come from the
 

Visayas and Mindanao regions. Table I shows the profile of
 

respondents.
 

The map of the Philippines showing the 12 regions is given
 

in Fig. 1.
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RESULTS AND DISCUSSION
 

Exia m.fLisa. Among the 7 legumes, hyacinth bean and lima
 

bean had the highest recognition/usage rates of and
7(/ 59/
 

(Table 
I). These are followed by rice bean (22%), sam-sarnping
 

(11%) and last was sword bean (4%). 
 Respondents from Region 


reported use of all seven 
legumes included in the survey.
 

Notably, only respondents from Region I reported usage of 
 sam­

samping, 
 So far, jack bean's usage had been reported only by
 

respondents from Regions I, 
II and III. However, jack bean,
 

also known in Visayas as "Lambajong" and in Tagalog as 'Pataning
 

Dagat' 
 was the subject of studies by science clubs in Southern
 

Leyte (Infoscience, 1981) 
and is perhaps also utilized by people
 

in the area. 
 The accurate picture of extent of utilization of
 

these legumes has to wait until 
this survey is completed.
 

Usaa o Lagumas. 
 The food uses of the seven legumes are
 

quite extensive (Table 2). 
 A common way of preparing the mature
 

seeds of the 
legumes seems to be Iginisa". Immature pods and
 

immature leaves are used in different vegetable dishes 
 and as
 

component in meat dishes such as 
"sinigang' and "nilaga' and
 

noodle dishes. Boiled mature seeds specifically of tapilan may
 

also be used as dessert, eg, 
as component of "halo-halo". Mature
 

seeds of are
sabawel also roasted and used as substitute for
 

coffee as similarly noted by Basuel and Valdez (1989). 
 A brief
 

description of 
the dishes is in Appendix-B.
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Among the legumes studied, hyacinth bean and lima bean are
 

used in the most number of dishes. Their varied uses also
 

reflect regional dish preferences. For example, "pinakbet,m
 

"bulanglang" or "dinengdeng" are favorite dishes in Northern
 

Luzon and make use of edible parts of both hyacinth bean and lima
 

bean, as well as other legumes in the study. On the other hand,
 

"ginataan' is the more popular way of using these legumes in the
 

Bicol region. Jack bean known as "Lambajong" in the Visayas and
 

"Pataning Dagat" in Tagalog was the subject of studies by science
 

clubs In Southern Leyte (Lugatiman and Ruiz, 1981). The plant,
 

reported to be a favorite feed for rabbits, was shown to be a
 

source of various products such as substitute meat, flour,
 

vegetable, beverage, jelly etc. From its stems, fibers were
 

obtained for home decors, slippers, mats, rugs, bags and other.
 

In this survey, only jack bean and sword bean were noted to cause
 

dizziness when eaten raw or not well cooked. This could be due
 

to high level of the lectin concanavalin A present in jackbean.
 

A few respondents noted that some of the legumes in the
 

study, ie, hyacinth bean, rice bean, sabawel and jackbean, are
 

used as animal feed. Basuel and Valdez (1989) observed that
 

sabawel leaf meal incorporated in broiler diet at 5 to 10Y
 

resulted in body weight, gain in weight feed conversion and
 

return above feed cost which were comparable to control. Higher
 

levels of 15% and 20% produced lighter birds. The potential use
 

of these legumes as animal feed certainly deserves careful
 

investigation.
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Au ilahil ,.bL Whereas hyacinth bean, lima bean and 
rice
 

bean were noted be'available in the market and usually grown in
 

the backyard for home consumption, the rest were not available in
 

the market. 
 Several commented that the less availability of
 

these legumes was a 
major factor for their playing minor legumes
 

to mung bean.
 

Limiiajians ai Siudx. 
 This Lrudy has certain !imitations.
 

Firstly, the respondents have probably been residing in or 
near
 

Los Banos, 
for a number of years. Many of them originally come
 

from different parts of the country. Therefore, their answers to
 

the survey questions may be based on past experiences. Some, of
 

course, may 
 have visited their home Drovinces in recent years;
 

and thus, their responses could be based on 
recent experiments.
 

Secondly, even if the quota of 10 respondents per region ismet,
 

their answers may still not be reflective of the total 
 situation
 

In the various provinces of each region.
 

Nonetheless, the survey 
has brought out a wealth of
 

information 
which may be useful in increasing the utilization of
 

these legumes.
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--- --------------------- 

----------------------------------

Table 1. Survey of usage of seven Philippine Indigenous legumes.
 

Number of respondents reporting use of
 

Number of Jack Sword Sam- Hyacinth Sabawel Lima Rice
 
Region respondents bean bean samping bean 
 bean bean
 

---------- ------------

I 8 1 5 7 3 5 2 

II 6 2 4 1 4 

III 5 1 4 3 1 

IV 12 1 10 1 6 4 

V 5 4 1 5 

VI 2 22 

VII 

VIII 2 2 1 

IX 3 3 

X 

XI 2 1 2 

XII 

46 5 2 5 36 7 27 10
 
of
 

Total 11 4 !1 78 15 59 
 22
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Legume 


Hyacinth bean 

iL~oic.os Lablab 

(Batao, bulay,
 
parda, harabilla, 

kadyos) 


Lima bean 

ba.seD.ILs 1iuna.t as 

(Patani, palaminko, 

betsuelas, 

utung, perkules,
 
pataning dagat)
 

Rice bean 

Vd.a umh.11eAta 

(Tapilan, munggo)
 

Sabawel 

tlJ.ua P=.Lens 


(sabawel, cocoa)
 

Jack bean 

lanAMAJI'a 


(Pataning espada; 


Parts 


mature 

seeds
 

immature 

pods 


immature 

leaves 


immature 

seeds 

mature 


immature 

pods 


mature 

seeds 


immature 

leaves 


immature 

pods 


mature 

_seA~s
 

mature 

seAas
 

immature 

leaves 


Food Uses
 

ginisa
 

vegetable dish; vegetable component
 
of sinigang, nilaga, lumpia, pansit,
 
pinakbet
 

vegetable component of sinigang,
 
nilaga, lumpia and other vegetable
 
dishes
 

ginis2; cooked with coconut
 
(ainataan)
 
boiled; ginisa; vegetable component
 
of pinakbet: halo-halo
 

vegetable dish; vegetable component of
 
sinigang, nilaga, ginataan. pinakbet;
 
may be added to all types of dishes as
 
vegetable
 

boiled beans; ginisa; component of
 
halo-halo
 

vegetable component of sinigang,
 
nilaga or tinola
 

vegetable component of sinigang, salad,
 
pansit
 

ginisa; roasted as coffee
 

ginisa
 

vegetable component of sinigang, nilaga,
 
dinengdeng, pinakbet, ginataan
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Legume Parts 


Sam-samp i ng 
C1.ior:ia ±ec.nalaa 
(Sam-samping; mature 

kum-kumpitis; seeds
 
competes)
 

immature 

leaves
 

immature 


Sword bean
 
Canaalia gladiaia
 
(Pataning espada) mature
 

seeds
 

immature 

leaves
 

immature 

pods
 

Local names in parenthesis.
 

Food Uses
 

ginisa; mixed with pinakbet
 

blanched; added to vegetable dishes
 

added to pinakbet, sinigang, nilaga,
 
salad, other vegetable dishes
 

added to sinigang, nilaga, salad
 

added to ginisa, sinigang
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Appendix-A
 

INSTITUTE'OF PLANT BREEDING
 
CA-UPLB
 

June 28, 1989
 

We have done extensive studies on the biochemistry and
 
nutritional quality of Philippine indigenous legumes. However,
 
we have noted the lack of written information on their uses, both
 
as food and non-food. We request you to take a look at the
 
photographs, see if you recognize any of them and to accomplish
 
the survey form.
 

We will include the information obtained from this survey in
 
the report we are preapring on the indigenous legumes.
 

Thank you for your cooperation.
 

EVELYN MAE T. MENDOZA, PhD
 
Researcher (Biochemist)
 

Respondent's Name --

Affiliation
 

Present Address
 

Original Home Address:
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---- 

----- 

SURVEY 
ON USES OF PHILIPPINE INDIGENOUS LEGUMES
 

A. Which 
 of the legumes shown in the photographs have you used?
 
Chqck.
 

a) Jackbean'(Caaaualia ansiformisy

b) Sword bean (Canaalia gladiaia)
 

-- c) Sam-samping (Cliiaa.La ieira±aa)

d) Batao (Do.Lichos lablab)

e) Sabawel (ducuaa pauIians o cocinchiapansis)

f) Lima bean (EhasaoiLus lunajus)

g) Rice bean (Vigaa umbellaia)
 

B. If You have encircled one or more of 
 the legumes, kindly
accomplish this questionnaire for each of 
them.
 

Name of Legume:­

1. What part of 
the country (provirce) did/do you use 
this legume
 
as food?
 

2. Where is the 
legume usually obtained?
 
Market 
 Backyard 
 Other (specify)
 

3. How it is usually called? 

4. What parts of the legume are used for food?
 
Mature seeds: 
----- Immature leaves; 
- Immature pods
 

5. How is the legume cooked?
 
For seeds -----
 boil ---- ginisa (as in ginisang mungo)
 

- roast
 
For immature leaves 
 blanched
 

------ added to 'sinigang' or "niiaga"

other (specify 
 _)
For immature pods 
 vegetable dish 
added to "sinigang" or 'nilaga" 

.......-o ther (spec ify 
6. Do you know of other food uses of this legume? Please describe 

briefy. 

7. Do you know of nonfood uses of 
this legume. 
 Please describe
 
briefly.
 

8. Is this a widely utilized legume 
in your province?
 

How does it compare with munabean?
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Appendix-B
 

Description 04 dishes/Ingredlnto used In the text
 

"Bagoong' is fermented fish or small shrimo.
 

beef, chicken,
'Sinigang" is basically boiled meat (pork, 


shrimp or milkfish) in a water with tomato and onion. When
 

the meat is done, vegetables are added followed by fruit
 

the broth sour. This can be tamarind,
that will make 

calamansi juice, green mango or kamias.
 

Boiled beans ('nilagang munggo") refers to boiled beans
 

served with its broth, sugar to taste and perhaps milk; a
 

favorite breakfast or snack food.
 

'Ginisa" is a basic cooking method o+ sauteeing in oil the
 

following ingredients: pressed garlic, onion and tomato.
 

A small amount of sliced meat (pork, beef or chicken) is
 

added after which the boiled beans, broth and leafy
 
vegetables are added. A popular variation is the addition
 

of shrimp and shrimp sauce to the dish. Pepper and salt
 

are added to taste.
 

"Ginataan" is basically sauteed dish to which coconut milk
 

(gata') is added.
 

dessert
"Halo-halo" means mixture, refers to a snack food or 


consisting of a mixture of beans cooked in syrup like navy
 

beans, red beans (cowpea or rice bean) chick pea, plus
 

jackfruit. to which shaved ice milk and sugar are added.
 

Other types of fruits and delicacies may be added.
 

is mixture of finely shredded vegetables
"Lumpia" (egg roll) 

roll
sauteed with small bits of meat and wraoped with egg 


wrapper.
 

"Nilaga" is similar to sinigang except the souring agent is
 

not added.
 

"Pansit" is a general term for noodle dish.
 

"Pinakbet,, ,dinengdeng", "bulanglang' are vegetable dishes
 

originating 
 from Northern Luzon. Basically, leafy
 

vegetables and other types of vegetables (like okra, pole
 

sitao, ampalaya) are cooked together with cooked meat
 

(fried or boiled fish, boiled or adobo pork), tomato,
 

onion and bagoong, c'er iow fire.
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SUMMARIES AND HIGHLIGHTS OF RESEARCH ACCOMPLISHMENTS
 

Biochemical and Nutritional Studies of

Philippine Indigenous Food and Forage Legumes

(AID/SCI 2N-04; AID-936-5542-O-00-1347-O0)
 

1. 	 Proximate Chemical Composition of Several Phillipine

Indigenous Food Legumes
 

Evelyn Mae T. Mendoza, Felicito M. Rodriquez and
 
Ma. Jamela R. Revilleza
 

Biochemistry Laboratory, Institute of Plant Breeding

College of Agriculture, UPLB, College, Laguna 4031
 
Philippines
 

Abstract
 

Protein (18 to 30%) and carbohydrates (50 to 60%) the
are
major constituents of the mature seeds of 33 samples 
comprising

seven legume species. VU-.4&a umba1a.t had the lowest protein
content of 17.42 to 17.56% while £aam.&I-La n.s.Lirmis, fan-aualiia

igladiaIa, Miu:na 
 pcnrtR s ne tiL cocinan-s1s and LLLtnia
-ataa Leahad similar protein contents of 28 to 30%. 
 Fat content
ranged for 1.2 to 3.7X Do iichos Jablab, 2haseolus lunalus and
Canaual1a. gl-adiaja had the largest (5-6/) difference in protein

and carbohydrate contents.
 

The proximate comoositions of the Immature and mature leaves
and 
 pods were also obtained: Moisture (70-90%), carbohydrates

(15-18%) proteins (3-10%), fibers (2%), fat (2-4%) ash (0.5-4%).
 

2. AMINO ACID COMPOSITION, RELATIVE NUTRITIVE VALUES AND IN VITRO
PROTEIN DIGESTIBILITY rF SEVERAL PHILIPPINE 
 INDI6B4US FOOD 
LEGUHES 

Antonio C. Laurena, Evelyn Mae T. Mendoza, Noel 
6. Sabino,

Agnes F. Zamora, and Felicito M. Rodriguez
 

Institute 
 of Plant Breeding, College of !Agriculture and
Institute of Biological Sciences, College of Arts and Sciences,:

University of the Philippine, Los Banos, College, Laguna,4031

Philippines. 
 Please address correspondence to EMTM.
 

ABSTRACT
 

This study demonstrates variability in amino acid
compositiqn among accessions of several Philippine 
 indigenous

legumes.' Moreover, 
 two accessions of,D..ia.ab were 
ideitified
 
to have unusually high level of methionine (> 2%) and could 
be
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possible sources of methionine rich proteins.
 

The IVPDs of the legumes under study ranged from > 70 to
 

77/. Raw mature seeds had relatively low RNVs'of 11-68% which
 

increased to 68.to 94% and 51 to 89 after boiling and rosting,
 
respectively, suggesting the presence of heat iabile toxic
 

constituents in the raw seeds and their removal/inactivation upon
 

cooking.
 

3. POLYPrfE4OLS, PHYTATE, CYANO6B4IC GLYCOSIDES AND TRYPSIN 
INHIBITOR ACTIVITY OF SEVERAL PHILIPPINE INDIGENOUS FOOD 
LEGIUES 

Antonio C. Laurena, Ma. Jamela R. Revilleza and
 
Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant Breeding,
 

College of Agriculturei University of the Philippines
 
Los Banos, College, Laguna, Philippines 4031. Please
 
address correspondence to EMTM.
 

ABSTRACT
 

Low levels of polyphenols with flavanol groups and those
 

capable of precipitating proteins were observed in raw mature
 
seeds of six legumes analyzed.
 

Seeds of batao or hyacinth bean, jack bean and lima bean had
 

relatively high levels of phytate phosphorus ranging from 6 
to
 

11.6 mg phytate P/g sample. Lower values (<5) were obtained for
 
sabawel and sword bean as well as some varieties of mungbean used
 
as control.
 

None of the indigenous legumes had potentially toxic levels
 

of cyanide ((50 ppm) in the seeds, immature 'and matsreleaVes and
 

immature pods. The iima bean samples had low HCN potential (0-10
 
ppm).
 

Among the legumes investigated, batao had the highest
 

trypsin inhibitor activity (TIA) ranging from 14.25 to 27.05
 

units/mg sample for 4 accessions. Accessions 6-1 of sabawel had
 

19.8 units/mg sword bean and jack bean had low levels of 1.20 to
 
4.95 units/mg except for one jack bean accession (A-I) which had
 

1.45 units/mg. Rice bean also had low levels of TIA, 5-7 units/mg.
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4. 	Oligosaccharildes In'Several Philippine Indigenous

Food Legumes: Determination, Localization and Removal
 

MA. JAMELA R. REVILLEZA, EVELYN MAE T. MENDOZA AND
 
LEONCIO C. RAYMUNDO
 

Institute of Plant 
Breeding and Institute of Food Science
 
and Technology, College of Agriculture, University of the
 
Philippines at Los Banos, College, Laguna 4031
 
Philippines. Please address correspondence to EMTM.
 

Key 	words: oligosaccharides, raffinose, 
 stachyose, verbascose,

legumes, lima bean (Ehaseolus Iunaius L.), sword bean (Cana]i~aa

glad.Laia (Jacq.) DC.), jack bean (CanaiaJ~ia ansiformis (L.) DC.),

sabawel (riuc.Lua Raurieias o aochlcinLa s), batao or hyacinth

bean (Wolichas labl-ab L.) and rice 
 bean (Vigaa umbalia.a
 
Ohashi.)).
 

Abstract. The oligosaccharide profile of raw mature seeds of
 
seven different legumes indigenous to the Philippines was

measured in 70% ethanol extracts of 
the 	seeds by thin layer

chromatography 
 using HPTLC plates and quantified by a
 
densitometer. Based on the results, the legumes could be ranked
according to decreasing oligosaccharide content or flatulence 
potential as follows: Sam-samping (M_..Ltoria rnalaa) > Batao 
(DnLcbos lablab) > Sabawel (tuuna pr-ucians) > Lima (Eba.-nol"LS
luma.us) > Swordbean (f.anualla g1.A&.a a) > rice bean (.Lgna
rnmbllata) > Jack bean (LAnawalj.a e.s.UnLxms). Sam-samping had 
4.79% total oligosaccharides and batao, 3.78%. A jack bean
 
accession had 1.7/ oligosaccharides.
 

Simple processing methods were 
 tested to detoxify the

ollgosaccharides. Soaking of batao seeds had no 
 effect while
 
boiling even resulted in a net 23-31% increase in the levels of

raffinose, stachyose and verbascose. 
 On the other hand, two min
 
of dry roasting resulted in complete removal of oligosaccharides

whereas germination resulted in about 30-40% dcrease after I and
 
2 days, respectively.
 

b
 
Part of MS thesis of the senior author.
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5. Chuges in Ollgosaccharildes,.Soluble Sugars andHYdrolY:able 
Polysaccharides -inDeveloping Seeds of Datao
 

(faL1chn JaSLab) and Babai el (Uhwruna pIuLiLa an
 

Ma. Jamela R. Revilleza and Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant Breeding
 

College of Agriculture, University of the Philippines
 

at Los Baflos, College, Laguna, Philippines 4031
 

raffinose, stachyose, verbascose,
Keywords: oligosaccharides, 

lablab), sabawel (Nutrn


batao or hyacinth bean (flLchas 

rnrinrh ngnai), ontogeny, hydrolyzable polysaccharides.=
Ca,.Len oc. 


Abstract: During seed maturation of batao and sabawel,
 

increased in the cotyledon while it
hydrolyzable polysaccharide 

decreased in the pod wall. As disaccharides decreased in the
 

cotyledon, the oligosaccharides ra4finose and stachyose started
 

to increase. Verbascose was detected one week later in sabawel
 

and. even later in batao. The oligosaccharides were very low or
 

nondetectable in the podwall and seed coat of both batao and
 

sabawel. Monosaccharides were detected in the podwall and seed
 

coat but not in the cotyledon.
 

a 
Part of MS thesis of the senior author.
 

b
 
To whom correspondence should be addressed
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6. DETERMINATION OFSAPONINS IN PHILIPPINE INDIGENOUS FOOD LEGUMES
 

Angelo J. M. Lubag' Jr., Felicito H. Rodriguez, Ana Gina T. Sembrano
 
and Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant Breeding, College of
 
Agriculture, University of the Philippines 
Los BafIos, College,

Laguna 4031 Philippines. Please address correspondence to EMTM.
 

ABSTRACT 

Saponin content in mature seeds of seven legumes ranged from
 
0.09 to 0.44%. Sam-samping had the highest content of 0.44%. 
 In
 
mature pods, saponin ranged from 0.17 to 1.63%. Batao pods had
 
high levels (1.00 to 1.63%) in four accessions. No correlation
 
was found between results of the 
froth test and Liebermann-

Burchard colorimetric test for saponins.
 

7. 	ALKALOIDS OF SEVERAL PHILIPPINE INDIGENOUS FOOD LEGUMES:
 
DETERMINATION ANRENMOVAL
 

Felicito M. Rodriguez and Evelyn Mae T. Mendoza
 

Institute of Plant Breeding, College of Agriculture
 
University of the Philippines Los Baflos J..
 
College, Laguna 4031 Philippines. Please address
 
correspondence to EMTM.
 

ABSTRACT
 

Eight legumes indigenous to the Philippines were screened
 
for the presence of alkaloids. These are: batao or hyacinth bean
 
(DQc'chns lablah), 
 jack bean (Caaaualia easiatmis), sword bean 
(C-. gladiaia) , sam-samp ing (Mucuana prur J as ac cichtiiasis),
sabawel (Ciioria ±izaatea), pigeon pea (Caiamus canaa), lima
 
bean (Ehaseaolus luaius) and rice bean (Iigoa umball.aia). High to
 
very high levols of alkaloids were detected only in mature and
 
immature leaves of pigeon pea, jack bean 
 and sword bean. Soaking

the leaves in water at 60 C for 60 min reduced completely the
 
alkaloids. Soaking at 
30 C for 30 to 45 min and at 45 C for 30
 
min did not remove the alkaloids while soaking at 45 C for 60 min
 
and at 60 C for 30 min partially removed the alkaloids.
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8.3Le tins,:iniPij.1p'!,ne Indigenous Food:,Leg.mes. '. Scregning 

Charlene F. Barroga, Easter T. Villena and
 
Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, institute of Plant Breeding
 

College of Agriculture, University of the Philippines at
 

Los Baffos, College, Laguna 4031, Philippines
 

Please address correspondence to EM'rM.
 

ABSTRACT.. 

Several accessions each of seven different legumes were
 

screened for the presence of hemagglutinins or lectins. Jackbean,
 

sword bean and batao had consistently high levels of
 
Batao had
hemagglutininins while lima bean had the least amount. 


a strong hemagglutinating activity against human type A RBC while
 

others had strong reaction with either or both rabbit and human
 

type 0 RBC. Varietal differences were also observed.
 

Keywords: lectins, phytohemagglutinins, legumes, lima bean 

(Phaseo.oLs luaaius L.), sword bean (Camaual 4i-,glad-ata .(Jacq.) 

DC.), jack bean (Caaaia.La P-Aija0mi-s (L.) DC.), sabawel (6ur-uaa 

pcLWurie.fS or acntciinasis), batao or hyacinth bean (Wolichos 

lablab L.) and rice bean (Q.igna umballaia Ohashi.).
 

9. Lectins in Philippine Indigenous Food Legumes.
 

II. Sword bean Lectins: Removal and/or Inactivation
 

Ana Gina T. Sembrano and Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant Breeding
 

College of Agriculture, Univensity of the Philippines
 
at Los Banos, College, Laguna 4031, Philippines
 

Please address correspondence to EMTM.
 

ABSTRACT
 

Soaking up to 36 hr did not reduce the lectins of mature
 

green and mature dry seeds of sword bean as measured by
 

double (Ouchterlony)
hemagglutination and immunodiffusion 

seeds already
technique. Fifteen min boiling of mature green 


removed lectins although 45 min were needed to completely cook
 

the seeds. Mature dry seeds of swordbean A-4 took 45 min to
 

remove the lectins although anot;er accession (A-9) took only 15
 

seeds (without seed coat) cut
min. Cooking by boiling of whole 


into 4 and minced or granulated resulted in removal of lectin as
 

determined by immunological method. However, hemagglutinating
 

activity was still detected in the whole and quartered seeds.
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Cooklng for 45 min 
in water * 0.9% NaCl, coconut milk with
 
water and coconut milk without water resulted in removal of
 
lectin immunologically but hemagglutinating activity 
 was
 
maintained/increased in the second and third media. 
 Autoclaving

and roasting removed lectins as measured immunologically but not
 
the hemagglutinating activity.
 

Keywords: sword bean (gaa.alia gIad Laa), lectins,

phytohemagglutinin, hemagglutinin, detoxification, immunodiffuslon,
 
Ouchterlony technique.
 

!0. Isolation and Characterization of Soluble Proteins from Rice Bean
 
.LgoLa l .llata (Thumb.) Ohwi Ohashil
 

MYRNA S. RODRIGUEZ AND EVELYN MAE T. MENDOZA
 
Institute of 
Plant Breeding, College of Agriculture
 
University of the Philiopines Los Barros
 
College, Laguna, Philippines 4031
 
Please address correspondence to EMTM
 

ABSTRACT
 

Globulins comprise the largest fraction in rice bean 
 seed
 
proteins and accounted for 56-60% of total proteins, with albumin
 
(17-26/), prolamin (1.5-1.8%) and glutelin (3.2 to 4.2%).
 

When fractionated on Sepharose 48, 
 globulins separated into
 
three oeaks with molecular weights of approximately >700,000, for
 
the first peak. 
 1/5.000 and 18,000 for Tapilan 28; 138,000 and
 
7,000 for Tapilan 46 and 60,000 
and 3,000 for Taoilan PROC 1.
 
Albumins exhibited 3 major peaks and a minor one. 
 The major peak

had a molecular weight )210,000. 
 The other peaks had: 75,000,

3,900 and 1,700 for Tapilan 28; 144,000, 14,800 and 2,000 for
 
Tapilan 26 and 56,000, 
7,800 and 3,400 for Tapilan PROC 1. Both
 
albumins and globulins exhibited heterogeneity showing 7-10 bands
 
on polyacrylamide gel electrophoresis.
 

The most limiting amino acids were 
cysteine and methionine
 
with chemical scores of 38 to 59% only.
 

In vitro protein digestibility (IVPD) ranged for 82-86% for
 
the seed meal, 
 86-88.5% for the albumins and 75.9 to 83.3% for
 
the globulins.
 

I
 
Part of MS thesis of the senior author.
 
2
 
Present address: Institute of Chemistry, College of Arts and
 
Science, University of the Philippines Los Baflos, rollege,
 
Laguna 4031.
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11. 	 CHARACTERIZATION OF SEED PROTEINS FROM SABAWEL 

(NUCLIJM RURLENS) AND SAM-SAMPING (CL1 QRV IEjNmI ) 

Eureka M. Ocampo, Charlene F. Barroga, Felicito M.
 
Rodriguez and Evelyn Mae 7. Mendoza
 

Institute of Plant Breeding, College of Agriculture
 

University of the Philippines Los Bafnos
 
College, Laguna 4031. Philippines., Please address
 

correspondence to EMTM.
 

ABSTRACT
 

c na 	 or
 

.ockt.Laiac-ais ) and sam-sarnping ':C1i.iiLa isnatea) were
 

fractionated according to solubility. Glooulins were the major
 

fraction (73-7&7), with albumin and glutelin having similar
 

proportion (8-12%) and prolamin at 0.67 only.
 

Seed proteins of sabaw1 ituk( pao.uaas 


Albumins of sabawel consist of proteins of molecular weight
 

(mw) from 21,100 to 152,000 and a polypeptide of low mw (6,600).
 

Albumins of sam-samping had larger mw constituents; 7,700,
 

26,500, 73,100 and 430,000. Globulins had larger proteins,
 

37,600 to >700,000 for the two legumes.
 

Electrophoresis of the fractions revealed that the fractions
 

and sub-fractions were mostly heterogeneous. Methionine contents
 

of the factions were determined.
 

12. Isolation, Fractionation ano ',haracterization of Seed Proteins
 

from Sword bean (Canacalla qladiaia) and 

Jack bean (Caoaualia a.siormLis) 

Joseoh L. Samonte, Antonio C. Laurena and
 
Evelyn Mae T. Mendoza
 

Insitute of Plant Breeding, College of Agriculture
 

University of the Philippines Los Banos
 

College, Laguna, Philipoines 4031
 

ABSTRACT
 

Based on solubility, sword bean has 79% globulin, 12%
 

albumin, 6% prolamin and 0.3% glutelin. Jackbean has 66%
 

glutelin, 14% jackbean, 14% prolamin and 0.8% glutelin.
 

A major portion of jackbean albumin fractionated into 40-60%
 

saturated (NH ) SO while its globulin fractionated into 40-60
 

Sword bean albumin and globulin fractionated into
and 60-80%. 

60-80% and 40-60 and 60-80%, respectively.
 

250
 



The albumin and globulin of both sword bean globulin 
 were
 
eluted on Biogel A50m and SP-Sephadex to produce two to three
 
peaks. These peaks were 
 shown to be heterogenous by

electrophoresis.
 

13. PROXIFATE ANALYSES AND IN VITRO DRY MATTER DIGESTIBILITY 
OF SEVERAL PHILIPPINE INDIGENOUS FORAGE LEGUMES 

Felicito M. Rodriguez, Eureka M. Ocampo and 
Evelyn Mae T. Mendoza 

Institute of Plant Breeding, College of Agriculture
 
Unive:sit> of the Philippines Los Banos
 
Colleg,, Laguna -4031 PHILIPPINES. Please address
 
corresp ndirice to EMTM.
 

ABSTRACT
 

The proximate composition of the mature and immature leaves,
 
mature and immature Dods and mature seeds of nine 
forage legumes

was determined. 
 These legumes include: Aeschynomene, Cass.a
 
or. .id.enaI..Ls,
Centrosema, Calopogoniun, Crotolaria, Desmodium,
 
Pueraria, Etasal s latixtioiaps and Porpogon.
 

In vitro dry matter digestibility (IVDMD) ranged from 16 
to
 
38:/ 	for leaves, and 13 to 
38% for pods. Seeds of two samples had
 
IVDMD of 8 and 21%.
 

Metabolizable energy (ME) predicted from crude fiber
 
contents ranged from 3.60 to 4 3 kcal./g fqr leaves, 3.50 to 
4.25
 
kcal/g for pods and 3.42 to 4.29 
 kcal/g for seeds.
 

14. 	SAPONINS, PHYTATE, POLYPHENOLS, OLI6OSACCH1RIDES, LECTINS AND
 
CYWJOGENIC GLYCOSIDES IN PHILIPPINE INDIGENOUS FORAGE LEGUMES
 

Evelyn Mae T. Mendoza, Felicito M. Rodriguez, Antonio C.
 
Laurena, Ana Gina r. Sembrano, Ma. Jamela R. Reuilleza,
 

Angelo J.M. Lubag, Jr. and Charlene F. Barroga
 

Biochemistry Laboratory, Institute 
of Plant Breeding

College of Agriculture, University of the Philippines
 
Los Banos, College, Laguna 4031
 

ABSTRACT
 

Saponins in seeds ranged from 0.26 
to 	 0,927, highest in
 
Desmodlum and Poroogon. 
 All samples were positive to the froth
 
test except for an accession of Calopogonium.
 

251
 



Polyphenols were generally low in the nine soecies analyzed,
 
both in terms of condensed tannins and flavanols. Only
 
Centrosema and 12- lat±hyoidas had relatively high flavanol
 
groups (5.57 to 10.12 mg catechin/g).
 

Most of the samples had high (>5 mg P/g) phytate-phosphorus.
 
Seeds of Aeschynomene, C- nic.idanalis and Calopogonium ana
 
relatively high levels of oligosaccharides (15%).
 

Strong hemagglutinating activity towards bovine red blood
 
cells was observed in seeds of Centrosema (5 accessions)
 
Crotolaria (5 accessions) and BRhasalu.s iaihxnnbPs (I
 
accession).
 

Cyanogenic glucosides were very low or nondetectable in all
 
samples tested.
 

15. ALKALOIDS IN SEVERAL PHILIPPINE INDIGENOUS FORAGE LEGUMES: 

DETERMINATION AND RENOAL
 

Felicito H. Rodriguez and Evelyn Mae T. Mendoza
 

Biochemistry Laboratory, Institute of Plant Breeding
 
College of Agriculture, Uinversity of the Philippines
 

Los Banos, College, Laguna 4031
 

ABSTRACT
 

Nine forage legumes indigenous to the Philipoine were
 
screened 4or the presence of alkaloids. These are: Aeschynomene,
 
£as.si.a .cci.±danl.alis, Centrosema, Calopogonium, Crotolaria,
 
Desmodium, Pueraria, Ehas-a.Lus .ahlxo.aas and Porpogon.
 
Immature and mature leaves of Centrosema (4 accessions and
 
Calopogonium (I accession) had very high levels of alkaloids.
 
Alkaloids were also detected In the leaves of Aas-hXnomea2. and in
 
seeds and mature leaves of Crotolaria.
 

Removal of alkaloids was effected by soaking of mature and
 
immature leaves for 30 to 60 min at 45 to 60 C.
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17. 	 AMINO ACID COPOSITItI, RELATIVE NUTRITIVE VALUE, IN VITRO 
PROTEIN DIGESTIBILITY OF SEEDS OF SEVERAL PHILIPPINE INDIGENOUS 
FORAGE LEGIMES 

Antonio C. Laurena, Evelyn Mae T. Mendoza, Noel Sabino,
 
Agnes F. Zamora and Felicito M. Rodriguez
 

Institute of Plant Breeding, College of Agriculture and
 
Institute of Biological Sciences, College of Arts and
 
Sciences, University of the Philippines Los Barros
 
College, Laguna 4031, Philippines. Please address
 
correspondence to EMTh.
 

ABSTRACT
 

Methionine was the first limiting amino acid, followed by

leucine, in raw mature seeds of 9 forage legumes analysed. High
 
methionine content 02.0%) was observed in Aeschy'nomene Acc. IPB
 
(3.1%), Kudzu Acc. BP (4.5%) and Ebasn.luxs I_tibyi.as Acc. IPB
 
(2.8%). Very high lysine (>10%) was also observed in 6 samples.
 

Relative nutritive value (R) of raw mature seeds ranged
 
from 15% (Centrosema) and 77% (Crotolaria NB-PC-i). Cooking the
 
seeds by boiling or roasting increased RNV from 72 to 95Y.
 

In vitro protein digestibility (IVPD) of the raw mature
 
seeds ranged from 73 to 80%.
 

18. SURVEY ON USES OF SEVEN PHILIPPINE INDIGENOUS LEGUMES:
 

A PRELIMINARY REPORT
 

EVELYN MAE T. MENDOZA
 

Biochemistry Laboratory
 
Institute of Plant Breeding
 
College 1' Agriculture
 

University of the Philippines Los Banos
 
College, Laguna 4031
 

ABSTRACT
 

Partial results of a survey on uses of indigenous legumes in
 
the Philippines revealed that hyacinth bean (batao) and lima bean
 
(patani) had the highest rates of usage, 78% and 59%,
 
respectively, followed by rice bean (22/.), sabawel (15%), jack
 
bean (11%) sam-samping (11%) and sword bean (4%).
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Mature seeds areprimari ty used for"gi.nisa" dishes while
 
mmature pods:- and immature leaves are used 'as vegetable' in
 

vegetabl dishes like salad, "pinakbet", 'lurpia ", "ginataan" 'nd
 

as vege~able component of meat dishes such as "sinigangu and
 
Nnilaga". Hyacinth bean, lima bean, jack bean and sabawel were
 

also notlbd to be used as animal feed. Sabawel seeds are roasted
 
and used as substitute for coffee.
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Possible Research Projects Arising from 
 Philippine
 
Indigenous Legumes Project
 

1. Isolation, characterization 
 and clornng of methionine rich
 

proteins from batao (floidhos 
 ablab).
 

2. Investigation of 
the nature and practical applications of the
 

galactomannan, lectins, 
 alkaloids and saoonins In 
selected
 

Philippine indigenous leaumes.
 

3. Physiological and nutritional studies of Philippine indigenous
 

legumes for livestock feed.
 

4. Book and article-writing project 
 to disseminate the
 

information obtained from project.
 

Comments and Constraints/Problems on 
Project Implementation
 

1. 
In general, the administration of the prnject funds by 
 the
 

local USAID mision was very good. Obtaining and closing
 

each advances 
took about 4-5 weeks except for two or three
 

ocassions.
 

2. The procurement of 
the first order of eauipment, and supplies
 

worth about $60,000 
in 1984 took only 8 months. Connel Eros.
 

uid a good job in handling the order. It also 
 consolidated
 

the sending of 
the many items in only 3 shipments.
 

The second 
 and last orcer worth $7,000 February 1987
 

arrived only inMarch 
to May 1989. The order consisted of
 

items that can be obtained from 3 sources which 
 sent the
 

itemi separately. Thus, so
for such a small order, much
 

difficulty and expenses were met by us 
in getting them from
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the 	Custom.
 

3. 	In general the adminlst,atfon of Project funds by the UPLB
 

Foundation was good.
 

4. 	Delays in experiments and repair of instruments were
 

primarily due to the fact that most of 5upplies and parts
 

needed had to be ordered from outside the Philippines.
 

5. 	IPB allowed the full use of its laboratory greenhouses and
 

field facilities for the implementation of the project.
 

However, the major problem was the absence of a working
 

generator fo , use during eiectrical failures.
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