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UNIVERSITY OF THE PHILIPPINES AT LOS BANOS
College of Agriculture
College, Laguna, Philippines

INSTITUTE OF PLANT BREEDING

August 24, 1989

US Agency_for International Development
Program in Science and Technology Cooperation
Washington DC 20523 .

Through Mr. Kevin A. Rushing
Agricul tural Development Officer
ORAD

USAID, Manila

Ref: Philippine Indigenous Legumes Project
Grant No. 934-5542-G-00-1347-00 (AID/SCI 2N-04)

Dear Mr. Rushing:

1 am very pleased to submit to USAID ten (10) copies of the
terminal report for our above referenced AID/SCI project.

1 thank USAID for the grant that enabled us to work on this
_project. Many of the papers contained in this report are ready
for submission for publication while a few need refinement and,
perhaps, a few more data. We hope that the results of this work
will be helpful to plant breeders, food scientists,
nutritionists, other researchers, students and others, and will
aid in the further utilization of these indigenous legumes which
constitute a major potential source of food for many.

Instead of an executive summary, we have compiled the
abstracts of the 17 papers at the end of the report. UWe have
also included a list of constraints ard problems that we
encountered during the implementation of the project.

In addition, since documentation on the utilization of the
legumes under study is nil, we conducted a survey on their food
and nonfood uses. This is part XVIII.of this repgrt.
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We have prepared a rather detailed report in the form of
Journal papers so that the results of the research may be better
and clearly understood and utilized.

Again, our sincerest thanks.

Truly youfs, y
A 3 .:_—’; (A -f \\/

EVELYN MAE T. MENDOZA, PhD
Project Leader
Researcher (Biochemist)

Noted by:
EUFEMIO T. RASCOD, JR. RUBEM L. VILLAREAL
Director Dean CA

CORAZON B, LAMUG
Direcor of Research
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1. INTRODUCTION

In recent vears. uworidwide a‘‘ention has focused on
troptcal ‘Yegumes as a sossible maior scurce o an'mal and  human
faed (Matiormal Acad, o7 Sct., 1979% Kay, (979 Nztionai ocad, cf
Sci., 1873, The pubiicat:zcn "Tropical Lequmes: Iescurcee for
the Future" very ably delireated the potentials and problems of
tnese ~elative!y unde~uti®ized siante.,

Altheouah the protein zontentz of iecume seecs are usually
high, <“rom 20 <c 404, and nighe~ for a few tvpes, the!r pnutritive
values are low dee to the timiting suifur amino acids, cysteine
and methicnine, and the presence cf arti-nutritional <actors--
trvasin inhikizors, nemangliutir:ns, +latu‘ence facters, tanmins
ard onthere, fitre~ %ewing mav oczur 1n the leavee, oncs, and

’

steds of thece lecumes !ike ovaragen'c ziucesices {Cenn. (P79,

I
¥

saponine (Aopietaum et al, %70, alkzoids, nenprotein amineg

o

acics like mimosire 1n Leucaens ileucncephala, “owever, ‘nese

toxins mavy rive 2 protective role ‘n tne plant against pests =nd
diseazes tAapplebaum et at, 1970: Merdcza &nd [laq, :98Z: Prasad
and Weigia, 19767 Nienstaect, %337, Marv tropsiza' Jlegumes

describec in tre atcrementioned beove were cheerved/repcrted te

D
-3
o)
o
[e]
<.
-
>
)

be retatively registant *c pests ancd diseaces, Th
toxine in tropical legumes resistance o cests and diseases 1§
no% vet well estabiished.

In the ear!v 1780‘s, the VUegetable C-ops Sectior cf the
Institute of Pa‘nt Breeding began tne <collection anoc study of

indigenous tropical vecetables inctuding ‘egumes. Ir cenperation



with this group, we initiated the analysis cf the lequmes (both
mature seeds and green pods) fcr preximate cnemical composition
and some anti-nutriiienail ‘actors C(IPR annual Regpart 981D,

The Forage anc Pazture Section 3iso started ine collection
5% indigenous fcrage lequmes. Howewer, n= biochemics? evaluation
of tnese forage 'egumes was done due to lack of <inancial sUCuorT,

This stugv tnerefore wac undertaven, urcer the UIAL0D Frogram
ter Science  anc Techrotagr Toopenztiorn, to estaniizh the
netrition2? cgquatity o< the ceeds, leaves anz nogz 35 <raoa  and

forage lecumesz indigencue  toc twe Philipzines  and ursentake

[

relevant Drachemical studies, The fand ‘egumes ire: cigeion pea

(Lagenns razian',  jake Dean (Lapawalia cnsoifprmis’, cword near
(Capavalia gladiaza) <cam-samping (Lliispia lecpatead, natac
(Dol:zhng lablaby, sabawe! (MApruna  prcupdens o 4.

Zocpanchinensis®, tima  bhean ‘Ehasecins luysatns) nd rice  bean
(Mippz pmnellatad), The forage ‘eagumes include: Jjoint velch
tAecchvnomene', Calopo or Frrsoltlla «Calopcgorium), Certrcsema,
Crototaria, Desmocium, 2Bbaseciys lunztie znd Sueraria, Trese
iegumee angd tneir scurces are listed in Table 1 and their

ohotograohs shown in Fig. 1,

Tnie research aimed to accomp'ish ite goale through the

-

tollowing 34udies:

Studv |, Determination of proximate z-emical zgmoastiicn, amine
ectd compoz:tion, and 'evers of trvogon inhibitors,
remaggivtinine, flatulernce factors, anviates, ana
tanning in the <ceeds, Jeaves and pods of different

indigenous ‘egumes at various ztaqge:z o* growth,

tJ



Study 2. I!nvesticatior of toxic substances suce  as c¥anogenic
clucosides, alka‘oide. saponine, gtc, i arfferent
sarts and di<ferent stages of yrowth, Cimale ways of
possibie detox‘fication like heat treatmernt «rcastng,
pcitinay, leacning, and ash/bicarbonate treatment were
investigated,

Study 2. 3Ziochemical, envsicochemical ang putriticnal

'
charactertzation af tne seed oroteins of these
incigenous ‘egumes.

The resuits of this research are expected to a1d cur alant
breeding  zrogram ir exp3nOinn the qeretic resources $gr
improvemant of dest- anc dizease-res siance. putris:onal quality,
vielc anc tolerancte to eiresses 2f cur vraditinone. legumec,

These leoumes 3lso contribute 3 ma/er sgTenti3’  sgunrce 0
spod and ‘iveliheood +pr our pecple. Taue. tmece ctuiies are
euwpected %9 praovide a scunc hasis <or <he ei'lization o~ these

relativety unxnown and underutytized tequme SpeCtec,
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Table 1, List of indigenous legumes and their sources.

Name

Sources

Pigesn bez
TCajanes cadfap?
3P-8

Jack pear
{Capnavalia ensifpomis)
A=t

Sworc Dean
‘fLanavaiia gladiata)
A-3
A-4
A=Y
A-12
Sam-samping

(Clitoria ternatea)
=7

3atan
(Dolicnozs lablab)
A=-37
~-43
a-31

F=CZ

Sapawe!
(Mucupz arunliens oo
cochingntnensis)
A-2
A-5

A&

Lima bean
(Phasenlus lunaius?
A-313
a-517
A-508
A-525
A-335
A-537
a-541
A-344
a-344

(&)

Sual!, Pangacinar
Ya~aga, Alzay
Muianay, Suezen

Daraga, Albay
Rombion
Mulanay, Luezon
Tacloban, Levie

105, UPLE

Pagudpod, llocas Norie
Banaue, [#fugze

Lezo, Ak'lan

Jaybay, Levte

Cagavan baltley
Cagavar YU3'lley

Capaven Yszilev

Narra, Palawan

Tabuk, K. Apavac
Buenavista, Guimaras
Panitan, Cagiz
Tinigac, Aklan
Alcala, Romblan
Mabo, iMasbate



Rice bean .
digpa yrmhellata)
2@
44
23

Forage Legumes

Jornt veticn

(AQescnynomene)
[PB-1 8o. Masavya, Los Baros,
Lag.
Calopo, Frisalilia
(Catopagenium)
BM-1 Bo. Masava, Los Banes,
Laq.
Jsg-: - Jamboree Site, Los 3anos
Bzlarong asc
{fassia accidenfalis)
BF-: . Bo., Putho, Los 3ancs
Centrosema
8- 80. Ma2sava, Los Yancs
B21-T! BFi, Traora, Quezan
Js~1 Jamboree 3ite, Loz Banos
Laguna
Crotolara
-1 0. Masava, .05 %aros,
Laquna
*C-1 NS . 3¢, Fai:zasCanay, Tiaong
CGuezcn
PC-1 We Bo. Paiisa/Cabay, Tiaong
Suezon
Desmodium
DO-1 Dolores, Quezon
Acc 932
Acc {93
Phasenins lupatus
A=-335 Panitan, Quezon
A-827 Bo, Putho, Los Baroe, Laguna
A=-344 ~amboree S:te, Los 8anns, Lag,
Puerarisz
Do-1 Dolores, Quezor
Bp-1! Bo. Putha. Los Baros,
Laguna
Js-1 Jambcree Cite, Les Ranos
Lacuna




Fig. la. Jack bean (Canavalia ensiformis)




Fig. 1b. Sword bean (Canavalia gladiata)




Fig. lc. Sam-samping (Clitoria ternatea)




Pig. ld. Batao (Dolichos lablab)
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Fig. le. Sabawel (Mucuna pruriens or cochinchinensis)
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Fig. 1f, Limna bean (Phascolus lunatus)
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Fig. lg. Rice bean (Viena umbellata)
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Fig. lh. Joint vetch (Aeschynomene)
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Fig. 1i. Calopo, Frisolilla (Calopogonium)
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Fig. 1j. Balatong Aso (Cassia occidentalis)
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Fig. 1k, Centrosena
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Fig. 11, Crotolaria
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, Fig. lm. Desmodiunm
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Fig. 1n. Pueraria
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Proximate Chemical Composition of Several Phillipine
Indigenous Food Legumes
Evelyn Mae T, Mendoza, Feiicito M., Rodriguez and
Ma, Jameia R, Revilieza
iochemisiry Lakoratory, Institute cf Plant Breeding

College of Agrice'ture, URLBR, Ceilece, Laquna 4021
Philippines

Abstract

Protein <18 +to 30} and varbohvdrates {39 %g A" are the
major constitrents cof the mature seeds of 23 samples comprising
seven legume species, Uiona wmmeiliata had the ‘towest opratein
centent of 17.42 to 17,564 while Canavalia epsiformis, CLanavalia

oladizta, Muruna peouetens or ¥, rcochinchinepsis and Llitoria

ternatea had simiiar orotein ceontents of 29 to 304, Fat content
ranged fcr 1,2 to 3.74 Dnlichns'lablah, Phasenlus lunatus and
Canaualia gladiata had the largest (5-&4) difference in oprotein
and carbohvdrate contents,

The proximate zomnositions o ithe immature arc mature leaves
and o2ods were aisc obtained: Mcoisture (70-904), carbokvdrates

(15-18%) proteing {(3~10%), fibers (24, fat (2-4%) ach (0.5-4).

n
"~



Introduction

Legumes are major sources of proteirs ang autriente  faop
neople of the zeveleping couniries. In the Pritippines ang ather
countries :n Ssuth Zast Asia, only 4 ‘ecumee, rname’v, mu-gbean,
peanyt, soybean anc ip a lesser extent, <cowsea, are concicered
of economic significance, However, there ire several more tegume
species which are up *c now underutilized and could ke notential
food sources., As with the more popular Yegumes, the various parts
of the legume nlant can be utilized for f0oe, such as the young
immature ‘eaves and peds, as well as the ma‘ture seeds. The seeds
can also be germinated tc prenare sprouts fo- vegetable ciznes,.
Understancdably, the wutilizat:on of these iecumes !¢ Vimited ’by
the tack of ¥nowledge about ‘them,

.

This study dezics wish the chemica® compesition of Ine

difierent edible osartc of sewen lequme species, namelv, batao

or hvacinth bear {Doiirhpe lzhizh), picecn nea +¢Cajanus caian’.

lima bean (Phaseclye lupaius), jazk bean (Capaualia ersifopmis),

sword bean (faravaliz niadiata), szpawe? (Mysyna anuriens oo M.

cochinchinepeis), sam-samping (Lliipria ternatez) ang rice bear

or tapilan (Vigna camneilatady,

Materials and Methods

Legume samnles, Seeds of ‘the a‘orementicned seven
legume species were oc:ained from the National Pilant Senetic
Resources Laborstory of the Institute o< Plant 3reeding (IPB)

anc were arcwn in the IP2 exceriments' field. GDifferent nparts

ro
(%]



of the plants were obtained and used in the study.

Chemical analysis, Seeds, mature and immature leaves,
mature and immature pods were dried in a 110 C draft oven
overnight and ground to pass through 40 mesh. Proximate analyses

were performed according tc official ADAC procedures (1980).

Results and Discussion

The proximate chemical composition of different parts and
accessions of the seven indigencus legumes studied is given in
Table 1. It represents the most comprehensive study of such
Kind. Compilation nf data for some of these legumes can be found
in several publications (Duke, 1981, FNRI, 1980).

Mature seeds. Protein (18 to 30%) and carbohydrates (350 to
40%) are the major constituents of the matur. seeds of the 33
sampies comprising seven lequme species. U.umbellata had the
Jowest protein content of 17.42 to 17.5&% while L.ensiformis, L.
gladiata, M. pruriens orc gcochinchinensis and L.terpatea had
similar protein content of 28 to 30X, Fa! content ranged frem 1.2
to 3.7%. These values are cemparable to these for mung bean and
cowpea and other “starchy" )egume grains in contrast to the oil
type such as soybean, peanut and winged bean. '

D.lablab, B. lupatus, and f.gladiata had the targest (5-6%)
difference in protein and carbohydrate contents amang the
accessions studied. The other constituents had small variations.

Immpature and mature leaues, The protein content of
immature leaves ranged from 3.4 - 4.5/ for the seven species with

lima bean and pigeon pea having the lowest and highest 1levels,


http:5+.umba.LA.ta

respectively <(Table 1). Pigeon pea immature leaves also had the
highest fat (4,224, fibers (2.44%) and carbohydrates {15.51:0.,
Fat content 41,98 - ~.15/) of the immature leaves was similar to
the seed content M0|=ture ranged fram 70 - 83%,

The mature leaves had ¢0 - E1Y moisture, érotein and
carbohydrate vfibers;qnd ash contents were higher by 10 and 20%
respectively in &he mature leaves than in immature,

Immature and mature pods. Moisture (79 to 90%) and
carbohydrates (9-18%) are the major constituents of pods,
Protein contents ranged from 1.8{ ~ 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 0,48-1,40%,
respectively,

Moisture decreased in the mature pods (69.13 - 83.50%) Table
3). In general, there was an increase in the other constiituents

during maturation,
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Tabie 1. Proximate composition of different parts of several
indigenous food Tegumes.

Philippine

Variety Moisture Fats % Protein 4sh Fibers NFE
A 308 GON s 6,29 (¥9) 49 A

Batao

(Dolichpe

lahlabk)
n-37

.mmature leaves 81 .86 3.65 4,22 1.24 1.39 7.5
mature leaves 64,74 4,351 8.36 &9 3.24 15,57
immature oods 89.24 .8% 2,37 ¢.3E 1.2¢4 5.38
mature pods 83.50 1.08 2.1% 1.0¢ 1.94 10.2¢
mature seeds 6.94 1,89 21.34 4.24 5.36 60,23
A-45

immature Toaves 82.10 2.18 4,23 1.07 1.27 7.62
mature leaves 65.37 4,42 8.42 3.87 3.56 14,14
immature pods 84.04 1.00 3.45 0.86 1.46 7.19
mature pods g80.10 1,27 2.69 1.1t 2,24 12,57
mature seeds é.78 .70 24 .4¢ 4,05 4.80 61.21
A-51

immature leaves 80.78 2.74 4,26 1.25 1.40 ?.47
mature ‘eaves 42,35 3.88 8.12 3.28 3.18 19.21
immature nods 37.63% 0.922 3.1 0,78 1.41 5,13
mature pods 80.74 1,53 2,399 1.14 2,02 11,97
mature seeds 7.5 1.9¢ 18,52 4,43 3.05 42,79
A-52

immature ieaves 31,15 2,56 4,40 1.48 1.:8 22
mature leaves 40,24 4,66 8.3¢% 3.32 2.29 19,40
immature reds 88.!18 0.86 2.47 0,70 {.04 6.95
mature poogs 84,21 1,13 2.10 1,02 1.42 .90
mature seeds 7.40 1.98 21.12 4,03 5.05 60,49
A-57

immature leaves 83.34 2.18 4,04 V.84 1.35 9.89!
mature leaves 57.84 4,35 ?.92 4,44 3.18 20,07
immature pods £7.42 3.98 3.08 0.8 1.30 6.41
mature pods 80.97 1.49 2.55 1,25 1.98 11,74
mature seeds 7.10 2.06 23,24 4,20 5.50 57.,9C
Pigean Pea

(Cajanus

cajan)
ep-3

immature leaves 89.75 4,22 4,30 1.58 2.44 15.51
mature leaves 67.37 4,89 4,79 71 3.71 14,57
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Varijety Moisture Fats 7 Protein Ash Fibers NFE
(4 D %N % 4,29 (1) o (&)
Lima bean
{Bhasealus
lunatesd
A=-513
immature leaves 92,23 2.4€ 46 1.82 1.04 .97
mature leaves 79.8% 3.22 2.15 1.4 1,44 10,485
immature nods 83.87 1.24 2.42 1.10 1.39 ?.98
mature pods 81,82 1.23 2,33 1,38 1.74 11.57
mature seeds .29 1.97 21,38 4,49 3.70 59.57
A-517
immature leaves 83.36 2.39 3.74 .44 0.98 7.99
mature leaves 79.96 3.22 3.15 1.48 1.44 10.465
irmature pods 79.31 1,46 2.87 1.34 1.90 13.10
mature pods 20.97 1.12 2.25 1.20 1.70 12.76
mature seeds 9.26 1.44 20.24 4,54 3.42 40.72
A-508
mature seeds 9.71 {.46 22.45 4,34 3.42 58.60C
A-52S
immature leaves §2.5! 2.12 3.43 1.7¢ 1,12 9.1}
mature leaves 80,10 3.49 3.45 1.74 1.846 9.,1¢
immature cods 82.10 1.37 2.15 1.40 2,10 %.88
mature pcds B0 .93 .29 1,94 1.30 1.83 12,49
mature seeds 10.04 1,26 21.39 4.78 3.54 58.97
A-335
immature ‘teavwes 84,39 2.97 3.38 1,62 1.1 5.99
mature leaves 8¢.35 2,97 3,32 1,72 1.32 ?.32
immature oods
mature pods 30,24 1.23 2,38 1.32 1.95 12,63
mature seeds 9.47 1,32 20,35 §.73 3.47 60, 46
A=-537
immature ‘eaves 34,2t 2,7C 3.33 { .42 0.99 7.39
mature leaves 81 .42 3.36 4.02 1.8% 1.22 8.0¢
immature pocs 33.85 1.18 2.9¢ 1.29 1.94 7,22
mature pods 80,36 1.20 2,28 1.39 1.81 12.94
mature seeds 10,20 1.29 24.63 4,54 3.20 56.14
A-04!
imamture leaves 83.358 2.8¢4 3.41 1.93 1,20 ?.22
mature lzaves 80.24 3.48 3.74 1.28 1.61 9,49
immature pods 84,43 1,07 2.2¢ 1.09 1,79 9.46
mature rods 75.97 P X 2.97 $,34 2.19 15.8
mature seeds 9,87 1,37 20,6 4,81 3.23 40,54



Variety Moicture Fats % Protein Ach Fibere NFE
) (4 LN x 4.25) 4 40 )
A-544
immature Jeaves 84,11 2.8¢0 4.15 1.44 1.11 4.34
mature leaves 80.07 2.7¢8 3.20 1.85 1.09 11,01
immature pods 24,43 1.07 2.20 1.09 1.75 ?2.468
mature 75,55 1,56 2.84 1.63 2.24 14,14
mature seeags ?.34 1.18 26,12 4,61 3.143 35.10
A-544
immature leaves 32.47 2.39 3.82 1.32 1.97 8.93
mature leaves 79.87 3.61 3.55 1.71 1.20 10,084
immature pods 87.77 1.36 2,31 1,3 {.45 5.60
mature pods 79.97 1,39 2.46 1.32 1.82 13.04
mature seeds 10,1 1.1¢ 21.14 4,37 3.2 39.87
Jackbean
(Car-ualia
ensrfabmis)
A-3
imma‘ure leaves 76.85 2.%1 .40 2,63 1,99 19,44
mature ljeaves 76.75 3.12 .74 2.73 v, 45 2,00
immaiyre nads 74.,5¢ 1,57 3.4 1.19 1,37 19.01
mature pods 74,87 1L.97 2.%7 1,79 Z.24 18.1¢&
mature seeds 3,20 2,44 2B.10 4,24 5.1% 3:.73
a-1
mature seeds 8.40 1,23 27.82 3.93 5.,3C S1.37
A-3
imrature lcaves 77.95 2,47 S.26 2.42 94 ?.94
mature leaves 73.45 .02 5,19 2.65 .95 10.34
immature pads 78.482 {1.84 3.45 1,27 1.62 13,10
mature nods 70,46 1,63 3.15 1.84 3.04 19,42
mature seeds 7.7} .38 28,17 4,190 .30 53.07
A-9
immature leaves 79,83 2,39 .73 2.38 1.35 8.84
mature leaves 77.80 2.75 5,77 2.32 1.38 .77
rmmature cods 79.12 1.92 3.248 {.29 1,74 12,47
mature oods 74,12 1.84 3.42 1.4 2.86 15.88
mature <eecs 7,37 2.40 30,75 4,07 é,40 50,54
9-8
mature seeds g8.56 2.35 29.41 4,39 5.30 49,49



Variety Moisture Fats 7% Protein Ach Fibers NFE
68 ) N x 6,252 1) A A
Sabawel
(Myrupa npupiens)
/-2
:mmature leaves 78.82 z.32 5.70 .60 1,79 2.9
mature ieaves £2.05 q4,0% 8,56 .33 3.68 17.92
immature pods 78.45 1,34 3.99 .21 1,47 13.32
mature rods 72.44 1,87 5.21 17 3.8 15.52
mature seeas 7.78 2.46 29.34 4,00 4,40 51.81
A-9
immature leaves 78.32 2,64 2.99 1,84 1.49 .41
mature ieaves 43,85 4,78 9.2 3.28 2.90 14.0:
imrature cods 74.91 1.84 3.81 1.08 1.5¢ 15,16
mature pods 20.76 2.04 4,38 1.84 3.52 17,42
mature seeds 7.49 2.47 29,42 4,190 3.15 53,45
A-8
immature ieaves 72,94 3.52 5.29 1.27 1,82 9.46
mature ‘eaves 67.34 3.90 8.14 3.71 2.28 14,61
irmature pods 78.94 1,89 .68 [.18 1.45 12.70
mature pods 73.9: 1.98 q.12 75 3.1 15,22
matures seeds 2.19 2,48 28,22 Y 4.00 34.78
Sam-samping
‘Clitoria
terpaisad
7-2
immature leaves 80.0% 1.98 4.11 1.50 1.08 9.24
mature ieaves 22.73 2.48 776 1.87 1.56 13,40
immature poags
mature pode
matupe seeds
Sword bean
(Canaualia
aladia*a)
A-3
immature leaves 79.467 2.49 3.51 1.724 1,5z 8.77
mature teaves 76,98 2,94 3.44 3,02 1,89 1C,44
‘mmature pods 3%.89 1.2¢ 1.£4 §oad 0.38 11,29
n2tyre sods 49,13 2,54 3.¢47 1,74 3.40 19,30
matut » seeds 8.10 2,20 26.32 4,1& 5.42 53.63
A-4
irmature leaves 30.8¢ 2.37 5,63 t.37 1,21 2,77
matyre l‘eaves 77,83 2.73 9.85 2.94 LL72 8.34
immature pads 84,83 1.07 1.81 .95 0.94 10.4°
mature pods 69,61 2,74 4,06 .82 3.37 18.40
mature seedc 8.44 2.37 22.3%8 4.47 5.90 54.32



Variety Moisture Fate 7 Protein Ash Fibers NFE
(3] (/) GON x 6,25) 9 L) (¢29]

4-9

immature leaves 79.92 2,73 4,74 2,11 1.24 10.16
mature leavee 77.94 2.87 5,29 2.4¢ 1.48 ©,.9¢
immature nads 34,37 .15 1.74 0,92 0,98 10.34
mature nods 70.35 2,08 3.1Z 1.44 3.32 19.42
mature ceeds $.20 2.32 24,33 4,24 é.89 5i.89
A-12

immature Teaves 78,45 2. 4¢é 3.37 2.83 1,47 9.02
mature leaves 76.47 2,43 9.481 2.74 1,45 0,70
immature pods 84,46 1.07 1.84 .79 0.d8 10,43
mature pods 71.82 2.47 3.31 L, 44 T.82 17,34
matuyre seeds 8,74 2,42 28.09 4,7 4,35 49 .52
Rice bean
_anz

umheliata)
Tapitan 28

irmature ieaves 74,63 2,78 4,514 1.73 1.43 14,88
mature leaves 74,12 2.44 4,77 2.35 1.84 14,44
immature pode

mature pods

mature seeds 2.04 3.37 17.8% 4,78 6.22 58.70
46

immature leaves 74,92 2.6% 4.73 1,44 1,392 14,7€
mature ‘eaves 73.46 2,78 4,35 Z.63 1.57 13,01
immatyre pods

mature pedsz

mature seeds .31 3.¢6 17,94 4,34 5.87 £9.z%
24

maiure ceeds 2,24 3,54 17.42 4,55 6,99 58,55

NFE. nitroccen-free extract
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AMING ACID COMPOSITION, RELATIVE NUTRITIVE VALUES AND IN VITRO
PROTEIN DIGESTIBILITY OF SEVERAL PHILIPPINE INDIGENOUS FOOD
LEGUMES

Antonio C. Laurenak Evelyn Mae T. Mendozék Noel G. Sabinop
Agnes F, Zamora.zand Felicito M, Rodriguez1
ilnstitute of Plant Breeding, College of Agriculture and
“Institute of Biological Sciences, College of Arts and Sciences,
University of the Philippine, Los Banos, College, tLaguna,403!}
Philippines. Please address correspondence to EMTM,
ABSTRACT
This study demonstrates wvariability in amino acid
composition among accessions of several Philippine indigenous
fegumes. Moreover, two accessions of D. lablab were identified
to have unusually high level of methionine (> 24) and could obe
possible sources of methionine rich proteins,
The IUPDs at the legumes under study ranged from » 70 to
79%., Raw mature seedc had retatively low RNUs of 11-484 which
increased to 48 to 944 and 51 to 89 after boiling and roacting,
respectively, suggesting the opresence of heat 1labiie toxic

constituents in the raw seeds and their removal/inactivation upon

coocking.
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INTRODUCTION

The nu%%iticna! cual 'ty of a prctein depencs primariivy op
ite capac!ty to sat:efy the reauirements tor nitrogen and
egsential amino 3¢:4s both <“er mainterance cf health anc for net
protein synthesis of a srowing body. Several reviewe znd pocke
cn the nutritiznal evalvation o prate:pe are av2ilable (Pelle?
and voung, 1230: CLercal Chem, 1277, 4nailwveic of nutritiona’
gua‘ity usually ccnsiets of: determiratvice of prcotein and  amino
acid compositien anhc anima: (rat) ascays *c determine protein
effiency ratis <(PERY, biologizal value (BU), nitrogen orotein
utitization and true digestibiity. However, becauze of the
expence 2nd long pericd of time for such animal assays, other
lecs expersive ano mere rap‘d metnods have vteer developed for
suzh purpcese., Two 0t thece 2re yzed in  thie siudy, ramely,
reiative nutrttive valve CFMY  and n vitro pratein
digestinitiy +[UPD2,

Srem the zmino 32°4 comoes:iion, the chemical scere cf the
proteir :c chtained, Tne chemica! score o amino azic ccore Qg
dafined as ne mp of essenti:l amirn ac’d per gram cf  test
proteir civicec by mo of eszertial amino acid oper grem 2%
reference protein (mild cr eggl as set hy FAQ/AIHD (1973),  The
amino acid that chows the lawest zcere it termec "limit'ng amino
acid* and the ~atio ootained is the score.

Qezause of the iimitea amounts of camples available, tne
microcbiolegical assay using Ietcahymena prcifarmes was utilized
in evaluating #urther the rutritional quality of the indigenous

legumes ins‘sad of itne rat assay. A correiation of £.9474 +for

relative nutritive watue CRMU) ang prctein efficiency ratio
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(PER) has been obtained #gor eight foods (Landers, 1975), in
contrast to conemical score, the biological tests such ac the MY
are able to detect the aresence 3f toxic factors in a test foo0d.

iant proteins are Jawer tn true protein cigesticility (§i-
#64)  than anima) proteins such as Qg or mtlk a~pveine (PAG,
1975), Rat assiys are usually vtilized o aetermine trye
digestibi®ity. However, =ormpsegiytic enzymes nave keen uysed tg
assay in witro protein digestibility ¢(IUPD) (Hey et at, .977;
Saterlee et al, 19793,

[t is therefnre escential to subject the indigenous legumes
under study tc various anatysee te determine their netritional
quality. Far this siudy, the foilowing were vsed: amino acid
composition, relative nutrit:ve values and in witrg protein
digestibility, The :ncigenoue ‘egumes studied were as follcws:

sam-csamping (Llitoris ternatea), batac or hyacinth bean (Delickos

lablah), sabawel Murpna gouriens op Loncaiachicensisy, }ima bean
(Bhasppiys lunatys), sword bean “Lanavalia nladiatad, rice bean

(Ligna umhellatad, jack bean (Laravalia epsifopm:sy,

MATERIALS AND METHODS

Materials

Seeds cf the above-mentioned l2gumes were nbtained from the
National Plant Genetic Research taboratory o the Institute of
Plant Breeding. They were Flantea {c obtain fresh cee¢ materials
for analysic,

Al chemicais used were o7 analytica! grade. Tetrahymena
pxcifoemics W ATCC 10542 wac ocbtained from the National Institutes

of Biotecnnology and Appiied Micrcbiolagy (BIOTECH) cf upL3,
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fmino Acid Analysis

Defatted, ground samples containing 5 mg protein were
heated in & N HCI under vacuum for 24 h at 110 C, After sample
clean wup, the acid hydrolysates were dried under wacuum and
redissolved in citrate huffer pH 3,2, The amino acid aralysis
was dene using a Waters HPLL cysctem with a catien excharge resin
AAA  HPLC cclumn {P/N 80302), a post column reaction unit using
orthoaldehyde and hypechicrite as derivatizirg reagents and a
fluorescence detector {Millipcre-Waters 2esce, 1583,

For dstermination cf cvsteine and methionine, campies were

subjected 10 performic ac:d cxidation.

Determination of PNV

The PNV 3ssay orocedure of Siott et al (1943) with minor
modifizations was usec,

Seed samples (40 mesh) containing |5 ma M were hvdrated with
water to qive a concentration af 3 mg N / 4 mL of tezt material
suspension. The pH was adjusted to 8.2 and 4 mi of said
suspension wa¢ odlaced in & series of 20 x 60 mm screw capped
tubes. Two mL of solutions of minerais and nucleic acids prepared
according to Stott a2t ai were added to the test material
suspensicn. The resultino mixtures were sterilized at 127 ¢ for
10 mir.

Uitamin solutions (Stott et ai, 1963) previacsly diluted ten
timee and 15¥ (w/v) glucose so'ution were avtocleaved separately
at 12} C for IC min., One mL of vitamin sclution ana ore mL of
qQlucose solutian were added to each test material., The tubes

were then inoculated with 3-day ecld broth culture of I.
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axciformis W, and incubated at 25 C in an fnclined poéitidn"and
with screw caps left Toose for aeration.

After 4 daye of incubation, each culture tube was snaken for
abocut 30 cec and ! mL cf the culture trancferred to a 19 x 150 mm
screw capped tubes containirng 1 mL of 3¢% formaicehyde preserving
fivid, Teiranymena cells were then counted in a double cell
Lumicyte haemacytometer., The organism in 8 alternate squares were
counted and the mean numbe; ser * miL square multiplied by fwo
gave the <¢inal populaticn of the test cuitures in unirts of 104
organisms per mi, PP was calculated usinag the formula of Holmes
and Rolle t1970) ae foiiows:?

RNV = {loq tcount for test proteinr-lcg (ccun’ for inoculumdI X 100

log ‘ceunt 4or casein) - log (count 4or inoculum)

Determination of IVPD

The IUPD 24 the zamplies was cetermined ucing the multienzyme
technique cf Hsu et al {1977)., Oround samples were hydrated with
enough distiiled water %o give a ¢.23 myg N/mL mixture for at
ieast one hr at 4 C, The :UPD mwas calculated accerding to the
regressicn eguation Y = 210,464 -18.1C3 X where ¥ = in witro

digestinility %) and X = pH of the sample suspencion after 10

mir digesticn with the multienzyme zolution.



Preparation of Samples for RNV
1> Baoiling. Samples (10 g: 200 mL) were boiled until
cocKed,

2) Roasiing. Samp'es were rpoastec until cocoked.

Nitrogen Determination
Nizrogen content was analvzed according to the standard AOAC
method <1980) anc converted to protein by multisiying A M by the

+actor 6.25.
RESULTS AND DISCUSSION

Amino Acid Camposition

Table ‘a summarizes the aminc acid nattern or the 1lequmes
studied. Wotably. batao A-45 and A-52 hac very high methionire
content (2.0 and S5.8%4, respectively). Such hign levels of
methionine content for Dolichas .ablak nave peer repaorted before
by our laboratory in fLaurenz and Mendoza, 1984), (A study
on the methionine-rich proteins in 2. laklah is now underway in
this lakoratory in cooperation with Dr, B.9, de Lumen of
Univers:ty of California Rerkeley), In generatl, performic acid
oxidation of samples opave higher cvs and met values <o the
sampies since ordinary acid hydroiysic results in the destruction
of said aminc acids. Sabawel A-S had higher (2.8 met in the
acid hydrolysate run; this is being re-anaiyzed.

As expectea, mcst of the legumes had met as first T1imiting
amino acid (Tahle !b) with leu, ‘iys, *hr or tyr as the cecond

limiting amino acid.
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Results in Table la show the wariasbility in amino acid
content of wvarious accessicns of eacn of the leqgumes studied.
Some of these observattcne con the essential amino ac:e are as
follcws: For 2. iahlah, mer 1.5-5.8:; ¢rn, 0.05-0.21; thr, 3.t~
9.Z; phe, 3.4=7.2%; ‘'vs, 3. i-10.4%y w2l 4.1-7.9; ley 2.9-4.0;
iley, 4.2-4.47 ty~, 4,2-6¢&, For I, epsaformic: met, 1.2-1.63 ‘rp,
0.09-0.123 thr, 3.4-4.5; phe, 3.4-5.4% lys, 1,8-5,3; val, 4,3-
5.8; gleu, 3.1-4,0: ile, 3,6-4,9% tyr, 2,1-4,1, For C. gladiaia:
tep, 0.06-0.09; ¢the, 3.9-5.3; phe, 1.5-3,7; ive, 7.0-8.5; val,
3.7-6.63 leu, 2.6-5.2; ile, 2.,9-6.2 and try, !.5-2.3. Feor BL
linatue: met, 0.¢4~-1.3¢ trp, 0.10-0.18, inr 2,4-5,8; phe, 3.4-7,3;
tys, 6.6.-9.8; val 2,7-6.¢; teu, 2.7-3.04 ile, 3.5-6.6; tyr, 1.8-
4.1, For M. cyrapii: met, 1,0-1,4; “»p, 0.05-0,07 thr 2.4-3.9;
phe, 2.,7-5.9; lys. 2.4-5.2; va', 3.4-5.3; leu, 2.6-3.7; ile,

3.4-5.8 and tyr, 3.8-5.3.

In vitro Protein Digestibility

The 1VYPD 04 *he raw m3ture seeds of 7 different iegumes
studied rarged “rom 70 %o 78% (Table 2 for 2. latlan A-31 ancd A-
57, respectively, A1} three access:ons 2f ‘ima bean had iow IVEDR
170-21%4) wnile jack bean IVYPD hacd a wider rarge ot 72-754., These
results for raw seeds are csimilar tc these reported for cther
lequmes such as murg bear (Barrcga ot al, '985), ccwpea (lLaurena
et al, 1994, norse oram and moth bean ¢(5atwadhar et al, :981),
CooKing such as boiiing was shown to increase the [UPD of these
legumes suggesting the presence of hea‘-stable facters such as
trypsin tnhibitors which 1ower IVPD, Acdition of

potyvinyipyrrotidore (2/P) *o mungbean and cowpez aico Increases
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IWPD by 6-84) {RBarraga et al, 1985: Laurena et al 1984); ‘this

increase was described to the binding PYP with condensed tannins,

Relative Nutritive Value (FMP

The RNV of the raw mature seeds ot the seven indigencus
tegumes ranged from !1 o &64% (Table 3)., Beiting and roasting to
cooked condition resulted in large increase in PRV, £8-94% and
51-894, respectively, flaw mature seeds of L.  liahlab had
relatively higher levels of RN {33 to &4 ccmpared o otaere,
C. gladiata A-12 had the towes: valtue of 1!.3, These 'ow 'evels
suggest the presence of tox:ic constituents in the raw seed whicn
are inactivated by heat treatment. 9siling (wet treatment was
rmore effective than roasting {dry¥ treatment). Th2 nheat labiic
toxic constituents couid be proteins cucn ag tectirne ana trypsin
inhibiters, Cur separate szucdies on leciins showed that berling
and roasting decrcased lectir’s nemaggiutinating activity
(Sembrano and Mendoza, 198Ea). Eoi*ing could also remcve
caponins present in seeds of jack bean and sword tean (Sembrano
and Mendoza, !988b), Removal or inactivation of these substances
could result in an iacrease in nutritionai quality as measured

by RMV. For jack bean, 1ts major leztin cencanavalin could

account for the lcw RMY of the raw szeeds.
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Table a. Aminc acid comzcsition o° mature seeds of several Philtopine indigerous food legumes.

Sannle Prefein Content frino Azid { ¥ Smino acid or g arinc acid/il0 g sample)
N 8,28 fys  Metx  Trp#x  Met Tar Phe iysm Val Lev tie Ty gly Ala  %c  His  Arg  Asp Bt
‘ -lai-"a' s s srciilw‘i: )
cackbean A-L 2.82 t.3 1.2 0.98 1.2 4.3 4.7 5.3 5.8 4.0 £.8 z.2 4.2 3.0 3.9 2.8 4.7 124 12.8
&-3 26,18 1 1.4 .9y 1.9 3.7 4.8 5.4 4.3 2.1 3.¥ 3.4 4.1 4.5 4.9 3.4 4.9 162 10,2
A-3 24,:7 L7 1.4 0.:0 1.1 6.3 4.7 2.7 3.2 3.4 6.6 2.3 4.6 4.9 2.3 2.9 4.9 104 1.2
a-4 29.52 1.1 1.4 .69 0.9 3.4 3.4 2.5 4.1 2.4 3.4 2.2 2.5 3.8 3.3 24 2.4 7.5 8.3
A-3 0.8 3.12 0.% 3.5 4.8 2.2 3.2 KB £.9 d.i 5.0 3.5 2.2 2.2 7.5 4.7 2.2
3-& 2%.8) 3.9 1.3 0.09 6.5 4.3 5.4 1.8 4.9 3.3 4.4 2.1 4.2 4.7 1.7 3.9 5.9 1.3 6.2
Capaualia gladizta
3sordbean 8-4 22,58 .09 8.7 5.3 1.5 8.5 6.4 3.2 6.2 1.6 5.t 6.3 2.2 2.4 7.6 7.4 1.9
&9 28.3% 8.04 0.7 3.3 3.4 7.4 3.7 3.3 3.4 2.3 2.9 314 1.5 1.6 3.8 8.4 9.2
4-12 29,63 3.07 0.4 3.9 a7 7.0 4.8 2.6 2.9 1.5 3.4 4.8 2.4 2.8 .9 108 12,2
: Ralirane “paiah
Jatag 4-45 27.33 t.5 2.9 0.5 2.5 3.1 3.6 114 4.2 5.0 4.2 1.7 4,2 4.4 5.2 i 7.1 8.5 1i.2
A-51 12.32 0.11 2.2 5.2 7.2 4.6 7.8 4.9 8.8 4.1 6.6 7.2 4.4 3.5 8.7 14.E 23.3
A-32 1.2 2.3 5.8 £.41 0.4 4.0 5.8 3.t 4.9 1.9 4.5 4.3 4.3 3.1 3.4 2.3 4.3 4.0 tE.3
A-57 23.24 13 1.3 0.2t 0.4 3.2 .3 21 .68 4.3 3.3 2,8 5.0 5.2 1.9 3.3 5.8 1.6 i7.e
N"c“*a foincong
Sapawe® A-Z 29,34 £.18 - 2.9 4.0 5.2 3.4 2.4 3.4 1.8 3.3 2.4 4.3 2.5 3.3 9.7 4.0
#-3 25.42 1.0 1.0 8.08 2.8 2.4 2.7 4.6 4.0 2.9 4.0 5.3 1.9 2.7 .1 .8 9.5 7.2 7.4
a-2 73,22 2. 1.4 0.07 3.3 3.3 e 2.4 5.5 3.7 5.8 4.9 5.7 4.1 1.7 4.3 8.9 1.2 13.2
Pageen'sic ivnatug
Limg 8-522 2,33 3.4 1.3 .10 t.s 3.9 4.9 3.4 4.6 4.t 4.5 2.7 .z 4.9 2.4 1.3 4, 12.9 1.7
8-357 27.45 1.1 0.4 .13 0.4 2.6 3.4 %8 3.7 2.7 KR 1.8 2.5 2.8 1.8 1.2 4.5 7.2 7.8
a-3%4 FE Y 2.8 8.7 g.18 8.8 5.8 73 7.4 3.6 3.0 5.6 4,1 5.3 5.4 2.2 4.2 7.5 .4 18.3
diraa rohetizia
. Nice cean 24 0.6 1.0 1,43 2,82 5.9 7.48  5.08 8.9 4.4 331 43 448 379 u2L 445 211 7
= 28 8,7 1.2 1,20 3.56 5.97 7.47 454 826 3.8 332 4,18 470 426 Ai9 4,35 15,9 8.3
X 44 2.4 1.6 0.9 3.4 -5.43°7 7.46 475 7.88 409 3.1 293 440 3T 3,18 .02 11,36 17.4%




Tonlg - - e
Tanla :h, Chemical scocre of several Philippine indigencus legumes,

ot Essen‘tial amino acids (4 AA or g AA/100 ¢ sampie) Limiting
Semcte Met The Ohe & Tyr Iie iys Leu Vai Aninp Acic
First Second
Coraualia ena:fprmis
Jzcxhean &-t o4 142 118 120 946 57 114 met 1
- : eu
P.—::’ >z 92 127 @7 98 44 84 met teu
=3 21,4 1C7 117 :15 49 48 104 met Yeu
A4 324 a5 ?7 90 45 3?7 82 met ieu-
a-8 26 7 148 122 48 44 106 met lys
-8 >i4 1847 125 110 33 q7 e3 met Tye
3333t 3 -:' P-4
rzrdaean A0 >20 132 52 1S5 154 74 132 met ohe &
H-7 »Z0 82 5 25 134 50 74 met feu
A-i2 >l 77 87 72 127 37 938 met leu
foilienns latish
23%ac H=25 348,46 85 115 75 122 44 78 fey met
5-51 »42.8 130 1€8 145 84 70 152 met leu
a-32 »17.4 106 148 112 23 548 28 met teu
&-597 11,43 ?Z 13S 132 56 57 120 met ivs
Mpsrng cuacil '
Cahawe: A-Z - 78 120 33 94 37 68 net leu
r=9 80.90 58 133 108 84 548 80 leu the
A-8 23 97 1435 145 44 53 112 mes 1rs
DhBSEB"lS .‘I‘DE*.‘.!S
tima a=-3335 »7 97 127 112 {2¢ 58 92 met leu
§==537 »17? 63 87 87 178 38 74 met leu
~-Sé4 23 145 190 163 127 7 132 met leu
!E ara “mbgl‘,aia
i = 28
Rice bes 28 43 28 155 . 96 130 118 91 met
<4 28 87 142 104 134 113 ¢35 met thr




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

Sample IVPD
¢4

Lfanavalia pacitarmis

Jack bean A-1 75.44
A-3 75.60
A-3 74,41
A-4 75.36
A-8 76,61
8-3 72,23
Lanawalia gladiata
Swcre bean A-4 ‘ 74,02
A-12 72.42
Llizoria tecrcaiea
Sam-samping 7-2 76.19
Dolichas lahlah
Eatao A-435 73.71
A-51 70,18
A-52 71.19
A-57 78,57
Mucuna pruriens
Sabawel 4-2 72.19
Phacenlues lunatue
Lima bean A-S38 71.00
A-9537 70.31
A-544 71.45
Uigna umee'lata
Rice bean 72.48
74,30

43



Tahle 3. Relative nutritive values (RNW) of raw, boiled and
roasted mature seeds of several Philippines indigenous legumes,

Sample Relative nutritive valtue 4
Raw Boiled Roasted
Lapavalia
ensifoenis
Jackbean A-1 47,39 ¢ 6.40 85.31 + 5.08 é0.46 ¢ S.17
A-3 25,31 + 4.0 75.74 £ 5.¢4 74,22 1 5,30
A-9 17.26 £ 0,00 83.32 + 2.39 51,36 + 6.4E
A-& 40.23 + 4,89 82.13 + 4.38 74,10 ¢ 5.97
A-8 28,00 + 3.02 78,40 + 3,74 71,97 ¢ .48
§-8 1€,54 ¢ 2.22 59.19 £ 3.05 50.56 £ 0
Canaualia
gladiaia
Sword bean A-4 23.19 t 4.6¢4 °3.99 + 4,85 4,91 ¢ 1,73
A~-9 16,09 & 2.02 B4.38 &+ S..2 56.17 t 2.13
A-12 11.29 £ 2,19 B4.49 + 3.44 93.18 £ 0
Llitoria
lernatea
Sam-samping 7-2 54.09 90,84 + 3,52 88.49 + 4,40
Dpliches
lablab
Batao A-45 45.97 t 3.49 °4,20 + 3.40 82.13 + 4.30
A-51 32.49 # 3.52 92.3 1+ 3.79 76,46 + 1,42
A-52 42,39 + 3,34 84,392 + 3.70 84,93 + 1.5
A-57 48,59 2 3.1: 87,76 + 2,98 79.19 + 4,24
Mucuna prouciens
Sabawel #-2 38.01 ¢ 1.58 81.87 ¢+ 5,50 81,55 + 9.30
A-5 34.76 3 5.93 87.45 + 0.45 61,39 + 3.45
A-B 45,39 + 5.7 67.:8 t 4.49 64.45 *+ 5,60
Phasealys
Lupatue
Lima bean A-S35 28.99 t 3.23 &7.75 = §.72 51,77 = 2.78
A-537 39,746 t 1.42 79.97 + 5.57 62,55 + 2.30
A~942 51,23 .49 83.8¢ * 4,25 77,17 ¢ .12
Viqna umbellata
Rice bean 28 22,62 + 2.44 79,42 & V.97 £n.4¢ & 46,72
46 42,42 + 4,11 67.462 ¢ 5.80 55.57 + 5,38
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ABSTRACT

Low levels of polyphensls with $lavanol greaps  and  those
capable of precipitating proteins were chserved in raw mature
seeds of six legumes analyzed.

Seeds of batac or nyacinth bran, jack bean and lima bean had
retatively high Jlevels of phytate phczphorus ranging frem & to
1{.6 mg phrtate P/g sample. Lower values (<{5) were obtained fer
sabawe! and sword bean as well as some varietiec of mungbean used
as control.

Mone of “ne indigenous legumes had potentially toxic ievels
of cvanide (<30 ppm) in the seece, immatu~e and mature leaves and
immature nods., The lima bean samples had low HCN potential (0-10
pom).

Among the lequnes investigated, batao had the highest
trypsin inhibitor activity (TIA) ranging from 14,25 tz 27,05
units/mg sample for 4 accessions. Accessions é-! 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 accecsion ¢(A-1) wrich had

1.45 units/mo. Rice bean also had low ‘eovele of TIA, 35-7

units/mg.



INTRODUCTION

In addition to the fow )evels of sulfur~containing amino
acids in legume seeds, the presence of anti-physiological and
toxic factors results in the dzcrease in their overall
nutritional quality., These anti-nutritional <factors include
polyphenols, trypsin inhibitors, phytate, cvanogenic g'ucosides,
saponins, lectins and 21Kaloids.

Polyphenols <{or tannins) are abtle to bind with proteins,
thus, Towering their protein digestibility, This effect has been
reported for cowpea flLaurena et al, 1984a), winged bean {de Lumen
and Salamat, 1980), mungbean (Barroga et al, 198%), Trypsin
inhibitors belong to the group of proteinase irhibitors which are
polypeptides or proteins that inhibit proteclytic enzyme
activity, more specifically the digestive enzyme trypsin.
Tannins alsc have weak interactions with trypein and thus alco
inhibit the latter’s activity. Kakade et al (1973) reported that
approximately 40% of the growth depressing effect of unheated
soybeans “ed to rats can be accounted for by trypsin inhibitors,
Trypsin inhibitors were also observed %o cause hypertrophy in
rats and chicks (RacKis, 1943,

Phytic acid or myoinosito! hexaphosphate 1s a common
constituent of plant tissue which has been held responsibie {or
the interference of plant materiale in the awvailability of
dietary minerals, The +formation of Insclubie phytate-metal
complexes may prevent the absorption of minerais by the body.
Phytate-protein complexes also result in reduced soiubility of

proteins which can affect the functional properties of proteins,
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Cranogenic. glycosides are plant toxins which upon hydrolysis
liberate hydrogen cyanide, Some examples of plants which contain
cranogenic glycosides are almonds (Prunus amygdalus), cassava
(Manihnt esculepta Crantz) and sorghum (Sornghum  uuigace); they
contain amygdalin, linamarin and dhurrin, respectively. The toxic
effects of the free cyanide are wel! documented and include a wide
spectrum of organisms since itc site of action ic inhibition of
the cytochrcmes of the electron transport system, The exact
physiologicat effecte of the glycosides are not weil
ectablished. However, nral doses cf pure linamarin had been
repdrted to produce pnysiological and biochemical changes in rats
in the absence of linamarase activity (Phiibrick et al, 1977;
Barpett et al, 1973,

Because of the growing importance of ‘egumes in the human
diet, the ljevels of polyphenols, TIA, phytates and cyancgenic

glycosides were determined in seven underutilizod ‘egumes
Indigenous to the Philippines. These are: sam-samping {Llitoria
tecpatea), batao or hyacinth bean (Dolicnns Jlahlab), sabawe!
(Mucuna pruciens aor cochinchipensis), }ima bean (Ehasenlus
lunatus), sworcbean (Lanavalia gladiata), rice bean <(Uicpa
umbellata) ard jack bean (Lanavalia ensidfermic), The other anti-
nutritional factors-- lectins or  hemagglutinins, saponins,
alkalolds and oligosaccharides are the subject of other reports
in this series (Barropga and Mendoza, 1988; Sembrano and Mendpza,

1998a, b; Revilleza et al, 1988),
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MATERIALS AND METHODS

Samples

Seeds of above-mentioned indigenous legumes were obtained
from the National Plant Genetic Resources Laboratory {NPGRL) and

planted to obtain leaves and seeds for anaiysis.

Chenicals

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 (BAPNA) used
for trypsin inhibitor activity determination were abtained <from
SIGMA Chemicals,

Polyphenol Content

The volyphenol content of the seed samples {ground cry
mature seeds, 640 mesh) was determined using two different assays
modified vanillin (Price et al, 1978) and protein precipitation
{Hagerman and Butler, 1978). One % HC! 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,

respeclively,

Determination of Trypsin Inhbitor Activity (TI1A)

TiA was obtained by the method of Kakade et al <1974 by
the decrease in the rate In which trypsin hydrolyzed benzoyl-Di-
arginine~-p-nitroanilide <(BAPNA). TIA is expressed as trypsin

units inhibited, one trypsin unit being arbitrarily defired as an
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increase of 0.01 absorbance unit at 410 nm per mi cf the reactian

under the conditions used.

Determination of Phytic Acid

Phytic acid was measured accerding to the method of Wheeler
and Ferrel (1971), Five hundrec mg of ground sampie was
extracted witﬁ 15 mL of 3% trichloroacetic acid for 30 min with

mechanical shakKing.

Determination of Cyanogenic Glycosides

Two methods were’ usecd in the analysis of cyanogenic
glycosides, namely, enzymatic and picric acid methods, In the
first, the distiltation 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 sampie
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 €.1 NHCI; pH was adjusted to 6.2,
Total volume was adjusted to 30 mL. Crude erzyme for each legume
was prepared by homogenizing 4 ¢ of green pods or leaves in 50 mbL

af 0.! M phosphate buffer pH 6.0

RESULTS AND DISCUSSION

Polyphenol Content

The seeds of batac, 1lima bean and sabawel had iow level of
£yayvanois ac measured by the vanillin assay {Table 1), about 4 to

10 times iess than in mungbean {Barroga et al, 1985).
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Seeds of jackbean and sword bean had no detectabie £1avano!
groups. The values obtained for protein precipitation, 0.44 to
0.79 tannic acid equivalent g of samp'e (TAE) are lower than the
values reported for sorghum (1.03 - 5,44 TAE) (Bullard et al,
1981), cowpea (1.44~4,77 TAE) (Laurena et al, 1984a) and common
beans (1.41~5.2 TAE) (Bressani et at, 1983) but comparable with
those for mungbean (0.14-0.4) TAE) (Barroga et al, 1985).

These results indicate that swoerd bean and jack bean have
hydrolyzabie tannins which are not anti-nutritionatl. Batao, 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 indigencus legumes tested, batac, Jjack bean and
lima bean had relatively high levels of phytate phosphtorus,
ranging for é tc 11.6 mg phytate P/g sample <(Taktle 7). Lower
values ({ 3) were obtained for sabawel and sword bean ac well as
some varieties of mung bean used as control. The walves obtained
for lima bean were higher than those for the varieties reported
by 0Ologhobo and Fetuga (1982 and 1984) which were about 2 mg
phytate P/g; this could be due to varietal disferences. Horse
bean gram Macroiyloma wniflarum (Lam.) Verde and moth bean iligna
acontifnlium (Jacq.) Marechall had about 1.8 mg phytate-P/g
comprising S5% of tota! phosphorus., Phytate-phosphorus in soy
bean, cowpea and lima bean also accounted for 40 to 50% of total
phosphorus (Jleghobso arnd Fetuga, 1784), Germination and cooking

resulted in 25¢ decrease in phytate-phesphorus of horse gram and
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moth bean (Borzde et al, 1984, On the other hand, germination
and soaking were very effective in remcving 42-45/ phytate-
phosphorus from cowpea and lima bean <(Dioghcbo and Fetuga,
1984),

Phytic acid may be nutritionally important in batac, Jjack
bean and 1ima bean becayse af their relatively high levels,
Phytate makes about 950X of the seed’s phosphorys content
unavailable and also could complex witn other minera's making

then less available.

Cyanogenic Glycosides

Table 2 shcws that ncne of the indigenous legumes had
potentially toxic levels of cranide in the ceeds, immature and
matura teaves anc immature oods. UlN tevels of 50 ppm and less
are considered non-toxic.

. The lima bean sampies nad low HCN potential (0-10 ppm) which
correspond %o levels measured in cultivated beans compared to
246 to 1980 ppm in wild lima beans (De la Yega aro Sotelz, 19868).
Lanaualia gladiata and £. encifarmic campies had 2Z-44 ppm HON in
seeds and hao none or very little HCN :n other paris., Djajasukma
£1977) also renorted the absence of cvaride in seeds of Lanavalia
spp. in contrast to the reporied 97 ppm of HCN in immature sword
beans tKay, !972) and 108 pom in jack bean seeds «Tehon, 1946).
The difference cculd be due 1o different varieties/accessions and
me thadology uséd.

Mucupa pruciens had 0 to 44 ppm HCN in differert parts of the

plants {Tabie 2a and 2b). Other species nf Mucuna viz, giganiea

and marrophylla were also reported to be deveid of HCN



(Djajasukma, 1977). Rice bean seeds had very low (23 ppm) HCN
similar to previously reported <(Kay, 1972), Sam-samping or
Llitoria tersatpa aiso had very low (C-20 ppm) HCN. No reports
on the HCN of sam-samping had been made be<ore,

Unlike in cassava, the legume samples analyzed indicated
lower levels in ieaves *han in cseeds. Thie could be mere
systematically studieg with lima beans especiaily the wi'd type
which contain high ltevels of cyanogen:ic glvcosides,

Two methods of determining craride content were used to
ensure the accuracy of the resulis., Tre enzymatic/distiliation
method ic ceonsidered as the most accurate (Mendoza ot al, 19g84)
although this is limited by the need to yee enzyme specific for
the type cf cyanagenic glycoside in the sample. In this study,
crude enzyme preparation from leawves of the sample tested was
vsed aside from partiaily purified liramarase which is specific
for linamarip found in lima bean and cassava. The picrate methed
tends to overestimate cyanide content since it also gives
positive test wiin other volatiles such as H25, aldehvdes,
thiocranates and nitriles, This method also failed to detect high

levels of cyvanide in the samples.

Trypsin Inhibitor Activity
Among the 1legumes investigated, batao (dalickas lablah) had
the highest trypsin inhipizor activity (TiA) ranging from 14.25
. (Tables).
to 27.05 units/mg sampie for 4 accessions, Accession 6-1 of
sabawel had 19.8 units/mg swerd bean and Jack bean had low tevelc
of 1.20 to 4.95 units/mg except for one jack bean sccession (A-1)

which had 9.45 units/mg sample. Rice bean also had low ievels of

52



TiA, 3~7 units/mg,

In this study one lima bean accessicn (A-537) was found to
contain !.8% units’/mg, High amountc of TIA had been reported for
lima bean {Del Rosar:c et al, 1980), Ologhobc u2d Fetuga (1953)
reported levels of 29.43 to 34.45 unitis/mg protein.  However, it
is cifficult tc directly zompare the results as the methodolegy
and units used were dif<ferent,

Furusawa et al {1%74) had purified a trypsin inhibitor from
D. lablab which had a mo‘ecula~ weight of 9,500, It contained 20%
carbohydrate as galaztcse and 19 hexosamine ac glucosamtine,
This inhibitor had inhib:tory activity againet a-chymctrypein
aside from that against trypsin.

Trypstn inhibitore have been shown by various studies 19
cause pancreatic hypertrophy and grow:h depression (RacKis,
1965; Kakade et a', 1973; Char and de Lumen, 1982), thus
underlining the importance of inactivating them before ingestion

of food.
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Tabie 1. Poiyphenois and phytate phospharus of déry mature seeds of
several indigenous food lequmes.

Vanitlin assay Protein precip:tation Phytate phospnorus

Samples (mg catechin) (ng tannic acid/g) (mg P/aq)
Batao A-45 8.73 0.22 9.642
A-5! 0.50 0.27 10,10
A-52 0.59 0.35 8.47
A-57 0.36 0.29 -
Jack bean A-1 0 0.29 6,62
A-3 0 0.14 ?.42
A-5 0 0.446 7.08
A-6 0 0.62 9.44
A-8 0 0.49 7.59
Lima bean A-535 2,48 0.54 7.98
A-537 2.15 0.38 11,42
A-544 1.41 0.55 ?,91
Sabawel A-2 0.14 0.24 2.08
A-S e.12 0.77 3.79
4-8 .21 6.77 4,64
Sword bean A-4 ] 2.34 4.94
A-? 0 0.39 4,83
A-12 0 0.53 4,37
Rice bean 28 0.32 -
44 0.84 -
For vanillin assay and phytic acid determination, average of twc vaiues,

For protein precipitation, average of three values,



Table 2a. Cyanide content of pods and ieaves of several
Pnilippine indigenous food legumes,

Sample HCN, ppm
Enzymatic Picric acid
me thod me thod

Immatyre pods
Lima bean A-357 0.45 0
A-537 1.02 U
Sword bean A-4 0 0
A-9 0 0
Jack bean A-3 0.20 0
A-S ¢.38 9
A-8 .34 0

Jomature lpaves
Sword bean A-4 0 9
4-9 0 0
Jack bean A-3 0.10 0
A-S 0.22 0
A-8 0.34 0
8-8 ¢ i}
Sabawel A-2 0.83 0
A-3 0 0
Lima bean A-337 3.3t 0
A-544 10.35 0
Sam-samping 2 0

ne leaues

Jack bean A-3 9.10 9
A= 0.20 0
A-e 0.27 ¢
a8-8 0 0
Sword bean A-4 g ]
a-9 g ¢
Sabawel a-2 9 0
A-35 0 o
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Sample Enzymatic Picric acid
me thod me thed
Limz bean A-537 8.88 0
A-544 0.83 9
Sam-samping 0 0
Sontral
cassava

Lalkan (edible)

immature leaves 140
mature leaves 101
parenchyma 27
certex 387

Daty (poiconous)

immatyre leaves 132
mature leaves 135
parenchyma 105
cortex 437
Tabie 2b, Total cvanide potential of mazure seeds of zoverai

Philippine indipenous for Jlegemes,

Sample HCM, ppm
Batao 15-42
Sabawel 26G~44
Sword tean 22

fice bean 23
Jackbean ag
Sam-~samping 29

59



Table 3.

Trypsin

inhibi tor

activity of raw mature
several Philippine indigenous Yegumes,

seeds

of

Samples

TIU/mg sample

Food Legumes

Jack bean

Batao

Lima Bean

Swerd bean

Sam-samping

Rice bean

~ Sabawel

2,45
1.44
3.58
4,95

27.905
14,25
25.44
24,90
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‘Dligosaccharides in Several Philippine Indigenous
Food Legumes: Determination, Localization and Removald

MA, JAMELS R, REVILLEZA? EVELYN MAE T, MENDUZAPAND
LECNCIO €. RAYMUNDCC
binstitute of Plant Breeding and®Institute of Fooa Science
and Technology, College of Agriculture, University of the
Philiopines at Los 3afos, Coilege, Laguna 403!
Philippines. Please address corresponcence to EMTM,
Key words: olicozaccharidee, raffinose, stachvese. verbascose,
legumes, 1lima bean (Phasealus ‘upnatus L.), sword bean fLanavalia
gladiata (Jacag.) Of,), fack bean {Caravalia apsiformis ¢L.) oC.),
sabawel (Mucuna prucians ar cachinchigsnsis)., batao or hracinth

bean (Daliches lablab L.,) anrd rice bean (Uigpa umhellata
Chashi.)),

Abstract, The oligosaccharide profile of raw mature seeds of

seven different legumes indigenous to the Philippines was
measured in 70% ethanol extracts of the seedz by thin ‘layer
chrematography  using  MPTLC plates and auantified by a
densitometer, Based on the results, the lequmes could be ranked

according to decreasing cligosaccharide content or fla‘tulence

potential as follows: Sam-camping (Llitcria fecnatea) » Batap

(Dolichos lablan) > Sabawel {(Muruna nriciens) > Lima (Phasenlns
lunatys? > Swordbean (Lazpavalia pladiatz) > rice bean (Migna
umbellata) > Jack bean (fapavalia ensiformic), - Sam~camping had
4.794 total .oligosaccnaricdes and batac, 3.78%. A Jack bean
accession had !,79% oiligesaccharides,

Simple processing methods were tested to detoxify the
oligosaccharides. Soaking of batac 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

Part of MS thesis of the senior author.
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of dry roasting resulted in complete removal of oligosaccharides
whereac gernination resulted in about 30-40% decrease after 1 and

2 days, respectiveiy.

Introduction

Mature seeds of Yegumes contain cliaesaccharides of the
raffincse family, namely, raffinose, stachyose and verbascose in
which galactose Is present in -linkage (Calloway et al, 19714
Shallenberg and Moyer, 1961). These oligosaccharides have been
shown to be responsible for flatulence manifested by rectal gas
expulsions, abdominatl rumbling, clamps, diarrhea and nausea,
following consumption of these bears (Steqggerda, 1945),

Many <ctudies hnave been made on determining  the
oligosaccnaride contert and compnsition né varicus iegumes such
as soybean (Glycine max) (Hardinge et al, 1945; Murphy, 1973;
Cristofaro et al, 1974}, cowpea (Uigna umhellata) (Hernandez et
al, 19815 Hardinge et a!, 1945, Upadhay anc Garcia, 1987,
Cristofarc et ai, 1974), red gram (Cajanus cajlac) Bengal gram or
chick pea (Cicer aciatinum) (Rao and Belavady, 1?78; Hardinge et
al, 1965; Cristofaro et al, 1974), black gram (Bhasenlus munga)l,
field bean (Phaspnins wulgaris), horse gram (Dalichas uniflopys
Lam.), lentiis (Lens psculenta L), Yima bean (Pbasenlus lunatus
L.), green peas (Bisum salivum) (Hardinge et al, 1945; Cristofaro
et al, 1974) and winged bean (Garcia and Paimer, 1939).

Several legumes indigensus to the Philippines are potent:al
scurces cf protein-rich foeds. This study focused on (a)
determination of the oligosaccharide prcfile and content in these

underutilized legumes, (b) ontogeny and localization of the
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oligosaccharide profi'e in selected legumes and (cJ 'removal or
detoxification of oligcsaccharides using simple pre-cooking and
~ cooking methods. The iegumes used in this study were as fol{ows:
lima bean [(Phaseolus lunatus (L.)1, sword bean (Canavalia
gladiata (Jacq.) DCl, Jjack bean [Canawalia ensifeccnis (L.) DC.],
sabawe!l [Mucuna aruciens oo cochinchinensisl, batao or hyacinth
bean {Dalichns lablah (L.,)], sam-samping (Lliiocia tecnaieal, and
rice bean [Uigna umbellata (Dhashi)l., The resuits of this study

couid aid in widening the utitization of these legqumes.

Materials and Methods
Samples

Seeds of several accessions of the species/genera mentioned
above were obtained from the Nationai Plant Genetic Resources
Laboratory and Vegetable Crops Division cf the Institute of Plant
Breeding. Thece seeds were further multiplied following

recommended agronomic practices.

Lhepirals

Ra¢finose ard stachyose were purchased {rom NaKarai
Chemicals Ltd., Verbascose was preparec from mung bean by ethanol
extraction and ge! filtration chrcmatography using Bio-gel P2,
100-200 mesh with distilled water as etuant. Ail other chemicals
used were of analytical grade. HPTLC plates precoated with

silica gel 40 withcut indicator were from Merck (West Germany).
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Measucement of oligosaccharide rontent

The oligosaccharides of the sampies 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 mq) were extracted three times with hot 5 mL of
704 etharol with shaking for 30 min at 40 C. The supernatants
were pooled and cencentrated in vacuo at 45 C to {.0 mbL., Four
drops of saturated lead acetate sclution were added to
precipitate non-carbohydrate material. After removal 'of
srecipitate by centrifugation, the excess lead was removed by
adding one drop of saturated monopotassium phosphate, An aliquot
containing ! te 5‘ug of sugars was spotted on an HPTLC ﬁlate
(Merck Silica Ge! 40> with a 10 uk microsyringe and developed for
4 h in a fresh solvent system of pyridine: n~butanol: 4 0 (3:14:4
{v/v/u3l. Triple development enhanced separation and eliminated
most o0f the tailirg. It was carried out by drying the plates
under the hood for 30 min prior to redevelopment énl the same
direction.

The sugars were visualized by using a modified procedure of
Jeffrey et al, 1949, consisting of spraying with a mixture of 100
mg diphenylamine, 0.! mL aniltine, 0.4 mL of B0X orthophosphoric
acid in 4 mbL acetone and {5 mg benzidine in 32,0 mL glacial

acetic acid. The piates were intubated in a forced draft oven at

100 C for 10 min,
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2. Guantitatiué 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 o4 monosaccharide wunits,
Response factor for verbascose was exirapolated from the grapn
*Sosulski et al, 19B2).

Individual sugars were quantified by comparinrg their
response factors with that of the correspondfng sugar standard,

Results were expressea as g sugar/i100 g dry wt of the sample.

Deioxification experiments

Several methods were used to remove oligosaccharides from
Batac A-45: soaking,  boiling, roasting anc 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 hoiled in a peaker 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 siove set at
high for 0.2, 0.5, 1.0, 1.5 and 2.0 min.
4. Germination

Five g whole seecds 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, 0Oligosaccharides in
samples soaked overnight and after 24, 48, 72 and 96 h of

germination wers analyzed and descrited above.

Proximate apalysis
Proximate analysis was performed according to the Methods of

Analytical Association of Official Chemists (ROAC, 1980).

Results and Giacussion
Broximate analysic

Carbohydrates <(nitrogen-free extract) and proteins are the
major conctituents of the leqgume samples <{Table 1., Protein
content ranged from 20-39% with 1ima bean having the lowes?
level (20.35%) ard sam-camping with the highest (30.12%).
" Conversely, sam-samping had the ltowest carbchydrate content

(44.37%) and }tima, the highest 780.864).

filignsaccharide cantent and peafile

HPTLC of the ethanol extracts showed the absence of simple
sugars in the seed samples (Fig., 1). Sucrose represented 30-584
of the total sugar in the mature seeds, the highest amaint being
found in sam-sampirg <(9.78%) which exceeded the range of 4.3-B.6/
for legume fiours reported by Sosulski et 2} (19821,

Sam-camping had the highest total oligosaccharide content
¢4,79%: followed by batao (3.464), sabawel (3.46%), tima (3.084),
rice bean ©2,40%, sword bean ¢(Zz.3%4) and Jjack bean 12,25%4) (Table
2). Except for Jjack bean, the values obtained for the total

oligosaccharides of the two accessions of batao, sabawel, lima
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and rice bean were similar., However, a close; examination of the
oligosaccharide profile shows pronounced varietal differences.
The value of 4,79% abtained for sam-samping Is Yower than the
5.48% to 5.90% for lupins, chickpea and cowpea (Sosulski et al,
1982),  Ologhobc and Fetuga ¢1982) reported a high 9.50% mean
total oligosaccharide for 11 varieties of lima bean.

Stachyose was the principa! oligosaccharide in sam-samping,
batao, 1lima, jackbean and sword bean with values ranging from
1.4-2.4% of dry weight or 2,8-5,4% of total carbohydratec. These
legumes also ccntained sigrificant amounts of raffincse (0.3-
2,34 and minima} verbascose (trace-0.4)). Sosulski et al [1782]
found a different oligosaccharice arcfile for ‘ima bean using gas
liquid chromatcgraphy although the totzl oligasaccharide was
similar to that obtained in this study (3,75 vs 3,05). Staciyose
was also 4ound to be the major oiigosaccharide in D. labliab wvar
lignosus but other components differed (Salimath and Tharanathan,
19823,

On the other hand, raffinoce was the najor galactoside of
rice bean with stacnyose and verbascose being minor components,
Verbascose was the osredominant galactoside in sapawel which also

centained a consicerable amount of verbascose.

Localizatinn

The wvegetative parts and $lawers cof batao and sabawel were
alec examined for the presence of oligosactharides at mature ard
immature stages of development (Tahie 2). Results show that
oligosaccharides accumulated only to a limited degree in the

different partec especially in the 'eaves and roots. Mature seeds
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had the highest concentration of the oligosaccharides. In
. .neral batao had a greater con&entration cf the sugars in the

different parts than sabawel.

Detoxificatinn ar remoual of nligosaccharides

Severai csimple pre~cooking and coaking methods  were
evaluated to determine their effect on the oiigoséccharide of
whole seeds of Batao A-45, BDatao was selected for this series of
experiments because o4 its relatively high oligosaccharide
content and its wider vtilization among the ]eguhes studied.

The separations of stachyase and verbascose was not complete
in the detoxified sampies, Verbascose azcounted for only 10.BY%
of the tota! oiigosaccharides in batao and this appeared as a
shoulder in the stachyose peak. These two Lugérs were therefore
estimated as a single cornstituent, '

(a) Soakirg. Soaking u» ‘o 24 h did not result in any significant
reducticn ir oligosaccharides contept regardiess of the time or
bean to water ratio used ¢Fig.2}. Upadhyay and Garcia (1987)
reportea 0 to 34 lowering of the different oligosaccharides in
seeds of 4 cowpea varieties soaked in water for up tc 18 hr.
They cited sclubility of the individual oligosaccharides and the
diffusion rate as two factors that could influence sugir losses
during saaKing. The diffusion rate in turn would depend on the
thickness and permeabiiity of the seed coat. Mature seeds of
batao have a thick and hard seed coat which could inhibit

significant diffusion of cligosaccharides,



(b) Boiling. Boiiing Batao A-45 mature raw seeds resulted in a
net decrease of sucrose in the 1:3 (16.4%) and 1:10 ¢d44.0%) (w/v)
bean to water raticos after 90 min, The leve! of raifinose and
stachyose + verbascose increased at the 1:3 ratio (22.37 and
31.1%, respectiveiy), However, in the 1:10 ratio, only tne ievel
of raffinose decreased by 62.5%. Stachyose + verbascose
increased by 22.2% (Fia. 3).

Ky et al. (197&) ard Silva and Braga (1982) reported the
greater lecsses of oligosaccharides 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 jeachirg 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 oiigosaccharides could be
attributed to hydroiysis of oligosaccharides which are bound to
proteins or other macromolecuies, or precert as constituent of
high molecu'ar weight pelysaccharides. Cerning-8eroard and
Fit.atre (1976) have reported the presence of high molecuiar
weight galactosides in seme lequmes. A simiiar trend of
increased oligecaccharide levels after cooking was alse gbserved

by Rao and Belavady (1978).

{c) Dry rnasting, Dry-roasting at high temperature resuited in a
complete reduction tn the oligosaccharide content of the beans
{(Fig. 4), The leve!s ot sucrose and the oligosaccharides were
higher at a roasting time of l!ess than 0.5 min. However,

prolongirg the roasting time to 2 min almost cempletely removed
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the oiligesaccharide propably because of nor-enzymatic browning

reaction, oxidation of sugars or pyrclysis.

(d) BGecmination. Raffinose and stacnyose + verbascose cecreased
by 85 and 88%, respectively during germ:nation ¢Fig, 5>, highest
decrease being observed at 4 davs. Sucrose increased 23-fold
whereas no monossacharides were detected. This decrease is
comparable to the 89.54 cecrease reported for Phaseglus
myngarens, a cross between black gram and green gram (Gupta and
Wagle, 1980) during a 4-cay germination test, and 88,6% and 87.8%
decrease, respectively, in Bengal gram and red gram during & 3-
day germination period (Rao and Belavady, 1978). It is, however,
lower when compared to the 100% decrease in black eye beans anc
pink beans {(Silva and Luh, 179). Reddy and Salunkhe (!980)
nave reported increased -galactosidase activity in germinated
biack gram bears which is responsibdle for the tower
oligosaccharide content of germinatec beans. Dther investigators
reported the came findings in ditferent types cf germinated beans
(Pazur et al., 1942 ard Upadhyay, 1987), The increased -
galactosidase activity could be responsibie for the increase in
sucrose and reduction of the oligosaccharide content. The
absence of monosaccharides indicates their rapid utilizatien. The
di$ference in the degree af decrease in the ol:gosaccharides
during germination could be partially due to origin and cultivar
di+ferences in the teveis of indigenous  -galactosidase

activity in different beans (Sathe et al, 1982).
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0f the several pracessing 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. Proxiuaté composition of mature seeds of some
indigenous food legumes.

Variety 7 Moisture % Fat Protein % Ash # Crude % Nitrogen
(AN x 6.25) Fres Extract
Sam-samping 7-2 €,20 2,20 30.12 é.41 :0.54 44,37
{Clitacia
ternatea)
Batao A-45 8,78 1.70 21.46 .08 4,80 6:.21
~-57 7.10 2.06 23.24 4,10 5,50 37.99
(Delicaas
lahlah)
Sabawel A~2 7.76 2,47 29.36 4.00 4.40 51.81
A-5 7.40 2,48 29,42 4,20 3.15 52.45
Mucuna
acurcisane)
Lima A-535 ©.47 $.32 20.35 4.73 3.47 40 .46
A-537 10,20 .25 24,45 4.54 3.20 56.16
(Bhasealus
lupatus)
Rice bean 28 8.97 3.48 16.82 4.31 7.43 44.73
(Migna
umhellata)
Swordbean A-12 8.74 2.51 28,05 4,70 .35 49,43
(Canauaiia
fladiata)
Jackbean A-1 8.40 2.44 27,82 3.95 5.50 91.87
8-8 8.56 2.46 29.414 4,59 5.30 49,48
(Canasalia
ensiformis)
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Yable 2. Non-reducing sugar profile of seven Philippine
indigenous food legunes.
* Non-reducing sugar
Sample % Sucrcse “ Ratfinose % Silachyose 7% Verbascose ¥ Total
A 3 A B A B A 5 alige-
caccharides
A
Sam-camping
7-2 4.34 9.78 2,11 4,74 2,42  §5.45 8.26 0.59 4,77
(Llitoria
tecpatea
Batao A-45 1.2 2.45 200 1,94 2,12 3.46 §.36 0.59 3.48
A-57 1.79 3.89 1.95 2,07 23.5¢ 0.44 0,74 3.64
(Dalichas
lahlah)
Sadawel A-2 2.40 5,02 1 2.79 0.97 1.87 1.20 2,32 3.57
A-5 2.37  4.43 A2 2,10 1.02 .91 1,22 2.28 3.36
(Mucuna
peuciens)
Lima A~335 1.68 2,77 0.93 1.53 1.87 3.08 0.0 0.15 2.89
A-537 2,02 3.40 1.4 1.98 1,0 3,594 0.12 0.21 3.22
(Bhasealug
lunatus)
Rice bear 28 1.86 3.17 1,514 1,94 0.37 0.43 0.74  1.24 2.25
44 3.50 5,90 t.73 2,92 0.37 0.42 2.45 0.7¢ 2.95
Mingoa
umbellata)
Swordbean A-12 2.57 5,18 0.9 1.83 1.44 2,90 tr tr 2.35
(Lapavalia
cladiata)
Jackbear A~} 1.49 2.87 0.24 0.6 1.44 2,78 9.0! g.c2 1,79
6-8 2.47 4,99 G.2¢ 1.74 1,2¢ 3,52 0.1: 0,22 2,71
{Capavalia
ensifarmisg)

A- percentage ot dry mature seeds

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

Plant parts , % Raffinose # Stachyose + Verbascose
Batap 4=45
Mature seeds 1.20 2.48
Immature stem 9.37 0.18
Mature stem 0.17 tr
Immature leaves 0.24 1.10
Mature ieaves 0.59 0.39
Immature rootc 0.05 e.02
Mature rcots 0.55 0.19
Flowers 0.7% 0.22
Rataan 4=52
Mature seeds 1.13 2,58
Immature stem .32 0.13
Mature stem 0.2¢ 0.01
Immature leaves 0.24 0.0¢9
Mature leavec 0.45 0.39
Immature roots 0.03 0.04
Mature roots 0.49 8.21
Flowers 0.35 0.17
Sahawel A4=2
Mature seecs 1.40 2.17
Immature stem 0.01 tr
Mature stem 0.12 tr
Immature teaves 9.02 tr
Mature ieaves 0.03 tr
Immature roots 0.03 te
Mature roots tr tr
Flowers 0.01 tr
Sahawel A=3
Mature seeds 1.42 2.24
Immature stem tr tr
Mature stem 0.03 0.0%
Imnmature leaves 0.03 0.01
Mature leaves g.05 0.03
Immature roote 0.02 0.01
Mature roots .02 tr
Fiowers 0,01 0.10
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fLegends to Figures

1. HPTLC chromagtogram of sugars in the raw mature seeds of 1-
Batao A-45, 2-JacKkbean 8-8, 3-Sword bean, 4-Sabawel A-2. -
Sam-samping, é-Lima bean and standards, G-glucose, S-sucrose,

R-raffinose ancd ST-stachvose.

2., E#fect of scaking 'n water cn the soiuble sugars of Batao A-
45 at 1:2 and 1:1¢ {w/v) 2ean to water ratios.
& or O sucr‘ose:ﬂ or {:J r‘aﬁ'inose.& cr_’,_S stachyose +

verbascnse; bean tc water ratio, . _ . 1:3 and ----, 1:10.

3. Effect of poiling or *he scluble sucars of Batao A-4% at [:3
and 1:10 fw/v) kean io water ratios.
_ . ‘
Q@or O sucrose: m or I} rafinose, £ or £\ stachyose +

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

4, Effect of dry roasting on the soluble sugars of Batao A-43.

@ sucrose; @ raffinose; é} stachvose + verbascose.

5. Effect cf germination on the solubie sugars of Batao A-435.

& sucrcse: @ raffinose, & stachyose + verbascose,



Fig. 1. HPTLC of sugars in the raw mature
seeds of l=-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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Fig. 2. Effect of soaking in watev on the

soluble sugars of Batac A-45 at
1:3 and 1:10 (w/v) bean to water
ratios.

® or O sucrose; i or {J raffinose,
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Fig. 3. Effect of boiling on the soluble
sugars of Batao A-45 at 1:3 and
1:10 (w/v) bean to water ratios.

@®or O sucrose; M or (] raffinose,
or A stachyose + verbascose;
b2zan to water ratio, s 1:3 and

————, 1:10.
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Fig: 4. Effect of dry roasting on the
soluble sugars of Batao A-45.

@ sucrose; il raffinose;
A stachyose + verbascose.

g soluble sugars 100 g dry sample

6.0

5.0

4.0

3.0

2,0

1.0

0O 24 48 72 g6

Germination period (h)

Fig. 5. Effect of germination on the

soluble sugars of Batao A-45.
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VI

Changes in Oligosaccharides, Soluble Sugars and Hydrolyzable
Polysaccharides in Develaping Seeds of Batao
(Dnlichns lahlab) and Sabawel <(Mucuna prurisns or
cnchinchinensisg)a
Ma. Jamela R, Revilleza and Evelyn Mae T. Mendozab
Biochemistry Laboratory, Institute of Plant Breeding

College of Agriculture, University of the Philippines
at Los Bammos, College, Laguna, Philippines 403!

Keywords: oligosaccharides, raffinose, stachyose, verbascose,
batao or hyacinth bean <(Dolichos lablab), sabawel (Mucuna

pcuciens ar cochiochinensis), 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 stachvose started
to increase. Verbascose was detected one weeK Yater in sabawe!
and even later in batao. The cligosaccharides 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,

b
To whom correspondence should be addressed
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This study aimed at determining the levels and patterns of
the monosaccharideé,‘ disaccharides, oligosacchaéides and the
hydrolyzable polysaccharides in the developing seed of batao and
sabawel. Resuits from this study are expected to give a better
understanding of the metaboliem of carbohydrates in the maturing

seed with emphasis on oligosaccharide synthesis.

Materials and Methods
Samples

Seeds o0f two accessions each of Batac ¢A-45 and A-~57)
(Dolichaos lahlab) and sabawe! (Mucunpa pruciens ar
conchichinersis) ¢(A-2 and A-'5) were obtained from the Nationa!
Plant Genetic Resources Laboratory of the Institute of Plant
Brecding.

Ten rlants of each accession were planted 1 m apart. The
first flowers that appeared in the lateral branches of the plants

were tagged for subseguent sample collections.

Lhemirals

Raffinose and stachyose were obtained from Nakarai Chemicals
Ltd. Verbascose was orepared from munc bean by ethancl extraction
and gel filtration cnromatography using Bio-gel P.2, 100-200 mesh
with distillied water. HPTLC nlates precoated with silica gel &0
without indicator were from Merck (West OGermany). Other

chemicals used were of ana‘ytical grade.



Hydralyzable polyssacharides

Total hydrolyzable polysaccharides were determined according
to the methocd of Dawson et al (1949). 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 1C ug sugar was color
developed with 3.0 mL of 0.2% anthrone in sulfuric acid in
a boiliig water bath for 10 min. The amount of hydrolyzable
polysaccharides was calculated from a standard curve of gluccse
with a correction factor of 9.9 %o account for the water that was
lost during the condensation of monusaccharides to form the
polysaccharides,
Determination af Qligasaccharide Prafile and Cantent

The procedures described by Revilleza et al! 11988) were

ol lowed.

Resul ts and Discussion
Bhysical changes during develocoment

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:!} 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 cabawe!, pod wall weight was highest at 49 days atter
anthesis, seed coat and cotyiedon weight were maximal starting aﬁ
42 days and started to decrease at 54 days. Sabawel! matured

after 43 days.
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Moisture content of the different pod parts decreased
gradually as podbdevelopment progressed but declined sharply when
the pod was completely mature (data not shown),

The differences in rates of materation for tod and seed
were similarly observed in develcoing chickpea <(Singh and
Jambunathan, 1982) and <rench and sovbeans <(Onebedeany and
Chollet, 1979).

Changes in merosacchacides, disaccharides, aiigosacchacides and
hydenalyzahle panlysaccharides

Batan., As the cotyliedon developed, disaccharides decreased
unti! maturity while hydrolyzable po'ysaccharides which represent
the storage polysacchar:de in the seed, increased (Fig. 2a).
Monosaccharides were not detected in the cotyledon. Ra¢finose
and stachyose were at relatively high levels (iX) at 14 days and
increased steadily., WYerbascose appeared later at 24 days. In
contrast, oligosaccnarides were detected much later in the drying
phase of the rioening lupin seed (Saini and Lymbery, 1983) and in
the later period of seed develooment in chickpea <(Singh and
Jambunatnan, 1982, The sequential formation of the
oligosaccharides nas been cited by several authors <Shallenberg
and Moyer, 1941: Saini and Lymbery, 1983). ‘

In the seed coat, monosaccharides and disaccharides
increased up to 20 days after anthesis and decreased thereafter
(Fig. 2b), Hydrolyzable polysaccharide level was steady until 24
days after which it increased concomittant with the decrease In
the soluble sugars. Stachyose and raffinose were very low ¢0.02-

0.03%) and verbascose was not detected in the sesd ¢ at,
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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 ¢0.01-0.254)
in the maturing pod wal!.

Although an increase in the accumulation of hydroiyzable
polysaccharides in the cotyledon was accompanied by a marked
decline of the same in the pod wali, it is not possible te
determine whether the hydrolvzable polvsaccharide in the pod wall
was mobilized and translocated in the cotvledon. Radio:sotope
experiments with bean cultivars showed the non-dependence of the
seed on the pod for photosynthetic oroduct [OliKer et al, 1978).
1t can also be noted that the decrease in the hvdroliyzable
polysaccharide of the pod wa'l cannot account fer its large

increase in the cotyledon.

Sabawsel, 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,
Yydrolyzable pnlysaccharide increased steadify. At 35 days in
the later stage of seed development, the o'igosaccharides
stackyose and raffinose started to increase from 0.1 to 1.34,
Verbascose was detected later at 4% davs,

Monosaccharides were detected in the seed coat «0.2-0.954)
and podwa'i <0.2-1.24) but not in the cctyledon. The
oligosaccharides were very low (traces-0.054) in both seed coat

and podwall,
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In the pod wall, hydroiyzable »polysaccharides decreased
steadil,;, while both mono-and dissacharided increased up to 395

and 42 days, respectively, and then declined.

Similar patterns of changes for the various carbchydrate
components were obtained for the two batao and two sabawel
accessions studied, Thus only the results for one accession fcr
each of the two lequmes were presented.

The results above show wvariation in carbohydrate changes
in batao and sabawe!. Differences were 21so evident in levels of
the mono- and dissacharides and hydrolyzable osolysacchariges for
the two legumes a’lthcugh the trends especially during the latter
part of maturation were similar.

The oligosaccharide synthestic in both batao and sabawel was
accompanied by a decrease !n dissacharide tsucraose), #Part of the
sucrose is probably used in the synithesic of the oligosacchérides.
It has been shown that ra¢finose could be svnthesized with a
mixture of sucrose, -galactose-t-phosnphate and UTP in the
presence of crude enzvme oreparation for sword bean [Pridham and
Hassid, 1945).

In both batao and sabawel, raffinose and stachvose were
synthecized earlier than verbascose which agree with the

sequential synthesis pattern for the nligosaccharides,
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DETERMINATION OF SAPONINS IN PHILIPPINE INDIGENOUS FOOD LEGUMES
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and Evelyn Mae T. Mendeza
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ABSTRACT

Saponin content in mature seeds of seven iegumes rangec from
0.09 to 0.44%, Sam-samping had the nighect content of 0,444, In
mature pods, saponin ranged frcm 8.7 to 1,434, Jatao pods had
high levels (1.00 tc 1.43%) in four accessions, No correlation
was found between resuits of the froth test and Liebermann-

Burchard teorimetréc test for saponins.
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INTRODUCTION

Saponins are olycosides of either triternenoid or steroid
agiycone structure described as having 2 spiroketal chain.,  They
have the ability to froth when agitated ac an agueaus so'utien
and have a bitter taste. They exhibit streng nemolytic activity
on red blood cells ¢(RBC), These two properties--ability to froth
and hemolyze RSBC, ar2 the basis for biological assays for
saponins. Saponins are toxit when injected intc the blood stream
but are harmiess when tak:zn orally.

The exact mechanisms of the anti-physiological activity of
saponins are nct well established bYut could possibly be either cr
bath of the following: (a) they lower {fooc intake due to poor
patatability or irritation of the gastrointestip2! tract and (b)
inhibition of enzymes and reduced availaniiity of nuirients due
toc the formation of saponin-mineral compiex Cheeke, 1976).

This stuov aimen to estimate the ievel cf saponins :n foocC
legumes which are indigenous tc the Ph:lippines br at least two

methods.

MATERIALS AND METHODS

Materials

Raw mature seeds of lequmes indigenous to the Philippines
were obtained from the National Plant Genetic Resources
Laboratory of ‘he Institute of FPlant Breecing. These were
rlanted foliowing recommended practices anc newly harvesiec seeds

and raw mature pods were used for the analvses, The sampies usec
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were: batao or hyacinth bean (Ralichas lahlah), jackbean
(Canavalia ensifocmis) Tima bean (Phasealus lunatuss, sabawel
(Mucuna pruniens cc cachirchinensis) sword bean (Canavalia
gladiata), <cam-samping (Clitaria tecoatea) and rice bean {(Uligna
umbellatas.

All chemicals wused were analytical grade. Soybean as a

source of saponin was used as a standard.

Preparation of Samples

Finally grcund seeds (40 mesh) were defa‘ted and extracted
with 80% ethano! ¢0,5 a: 9 mbL) unaer refiux condition at 50 C in
an evaro-mix for 15 min and centrifuged at 2000 rom in a Kubota
centrifuge. The <camples were re-extirarted fwo more times using
above procedure. The supernates were combined and made to 15 mi,
About 3 ml of the extract was rpassed ‘through a column of
pelyvinylpyrollidone {0.50 x 15.0 cm> previously hyarated

overnight. Filtrates were set aside for the znalvses,

Tests for Sapunin

(1) Modifjed Liehermann=Burnchaed Test, The Liebermann-
Burchard test was modified so that the color :s clear and stable
to determire sapcnin guantitatrvely, Plant extract (0,10 mL) was
treated with 0.5 mL of concentrated acetic acid, fo'lowed by 3.0
mL. of the Liebermann-Burchard reagent (30} acetic arhvdride in
524 sulfuric acid) (Oakenfull, 1984)., One tube for eacn sample
was heated in a 90-100 C water bath for 10 mini ancther tube
which is unheated is used as reference ts account for further
interfering compounds. After cooling to room temperature,

absorbance was read at 450 nm. Saponin vaiues were calculated
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retative to scybean UPL SY2 (0.43% sabonin).

2) Erath Iest. To 1t mL of extract was added 3.0 mL of
distilied water, The mixture was shaken by hand fer 1 min,
allowed to stanc for anotner min and froth formation recorded as
follows: = no froth: +, froth at side cf tube only: ++, froth

covers tube surface anc +++, froth height greater than £.59 cm,

RESULTS AND DISCUSSION

Among  the iequmes analvzeo. sam-samping had the highest
tevel (0.44%) and twc accessions of swerd bean had the lowest
tevel (0,04 and .09 (Tabie ), irn gererai, the wuvaives
obtained for the samoles were much lower than *he 0.43% saponin
of coyoean.

In geneira?, no carrelat:on was abserved between the values
of the frath test and the Liebermann-Surchard tests. similar to
those oreviously reported (Birk, 1%49), The Liebermann~Burchard
test is a qeneral! test for triterpencicos 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
unecuivoca! indication of the presence of saponins, it s
necessary that at ieast two of the testis show hichly nositive
responses,

Among the ¢ive samples cf mature o2ods tested, “our
accessions of batac hao very nioh sanemin ¢0.98 to 1.43%)

folfcwed by a jacK bean accession (0,74%) and sam-samoing (0.47%)



{Table 2). The mature zods had higner saponin than the mature
seeds, Notably, sam-samping was high in sadonin in both mature
seeds and pods.

Batao A-45 had high Liebermann-Surchard and froth test
resul ts, Again nc correlation was evident e tween the
colorimetric and froth tests.

Soybean saponins are the most widely studied perbaps bezause
of the economic uses of soybean in food and feed industries. An
exhaustive study showed no adverse effects on growth, food
utilfzatfon, biood counts, blcod glucose, bHlood ncnprotein
nitrogen and urine anaiysis or in gross or hictological findings
post mortem, on chicks, mice and rats by soybean saponins
(reviewed by Birk, 1949). Saponins have alsc been reported to be
present in peanut (Diechert and Morris. 1738), navy bean, ccwpea,
northern bear, Yima bean and lentil (Elkcwice and Sosulski, 1982)

but their nutritional sign:ficance sti'l has to estab!iched,
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Table 1. Saponin content of mature seeds of several
indigenous legumes.

Philippine

Sampie % Saponin Froth test
Dolichos dzhlab
Batao A-53 9.27 +
fapayalia eposiformis
Jackbean a-1 0.11 ++
Lanavalla oladiata
Sword bean A-? 0.06 +
A-4 0.09 +
3-4 0.1° +4
6-2 .14 44+
3-8 0.19 4+t
3-9 0.i3 ++y
Mucuna arurciens
Sabawel A-2 9.24 +
é-1 0.:2 +++
4-2 g8.22 ++4
Phacenlus lupatus
Lima bean AS37 £.33 ++4
AS3S 0.32 +
AS44 0.17 ++4
Clitperia ternatea
Sam~-samping 7-2 0.44 nd
Uigpa vmbellats
Rice bean 44 0.33 nd
a
Fat +free basis: used soybean UFL Sy2 as standard with ©0.43%

saponin,
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Table 2. Saponin content of mature pods of several Phitippine
indigenous lequmes.
a
Szample “Sanonin Froth test
Dnlichos lahklab
Batao A-13 1.43 +4
A-35 1.20 i
A-37 1.20 +
A-45 1.00 +4+
A-S! 0.98 -
A-352 0.8 -
fanavalia ensifarmis
Jackbean A 1 0.19 +
4-3 0.74 +4
A-9 n,17
Lanaualia niadiata
Sword bean A-? 0.31 ++
Mucuna nouriens
Sabawel A-8 0.27 +
Llitoria tecnates
Sam-samcing 7-2 0.67 ++
a
Fat +ree basis: used soybean UPL SY2 as standard with 0,63%
saponin.
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VIII

ALKALOIDS OF SEVERAL PHILIPPINE INDISENOUS FOOD LEGUMES:
DETERMINATION AND REMOVAL
Felicito M. Rodriguez and Svelyn Mae 7. Mendoza
Institute of Plant Breeding, Coilege of Agricuiture
University of the Philippines Los Bafios

College, Laguna 4031 Philippines. Please address
correspondence (o EMTM,

ABSYRPACT

Eight Tlegumes indigenous to the Philippines were screened
for the presence of alKaloids. These are: hatao or hyacinth bean
{Qolichos lahlah), jack bean (Canauaiia ensifacmis), sword bean
(C. npladiata), sam-samping (Mucuna peuciens ac cachinchinensis),
sabawe! (Clilnoria tecpatea), pigeon pea +Lajarus cajan), lima
bean (Bhasenlus lunatus) and rice bean (Uigna umbeliata)., High to
very high levels of alkaloids were detected cnly in mature and
immature leaves of pipeon pea, Jsack bean and sword bean., Soaking
the leaves in water at 40 C <or &40 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 40 min

and at 40 C for 30 min partially removed the alkaloids.
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lNTRODUCT]Uﬂ

Alkaloids are‘a-chemicai}y hetér&geneous aroup. They ail
usually contain nitrogen usuaily in a heterocylic ring and many,
i+ not all, are basic, Clascification of alkaloids is based on
the ring svstem present, e.g.. pyridine, piperidine, tropane and
isoguinaltire (Rabinson, 19795), Due perhaps to differences in
their chemical structure, alkaloids nave varving pnysioiogical
etfects; among these are emeiric, anesthetic, antihemorragic,
antispasmodic, tranquilizer, cardiac depressant, etc {Robirson,
1973).

The phveiological rocle of allkaloids are not well
eﬁtablished. Some of the roles ascribed to alkaloids are: (1)
for protection against herbivorous animals, insect pests and
pathogens, (2) for‘ removal cf toxic substances‘such as free
ammonia, f(3) #for regulation ac co-enzyme or precursors of co-
enzymes or activatoars or inhibitors of enzvmes, However, there
seem to be nc general oobservations that could be made for any of
these., That they are not simply waste products of metabolism
could be proveao by the facé that %0 or more percent cf plants do
not form them and do manage we'!! without them (James. Y.

Alkaloids are consicerec anti-puiritional aecause in
general, they nave a bitter taste which could !imit food intaKe
and some have toxic effects. Scme aiso have medicinai uses, thus
the interest in screening for alkaloids 'n plants could be due tec
their potentiat medical ard pharmacologic uses.

Agquinaldo et al (198 ) surveved a total of 440 plant species

located in selected areas of Luzon and found 43 species belonging
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to 23 families representing 34 genera positive for alkaloids,
This study aimed at determining the oresence of alkaloids in
several Philippine incdigenous food legumes and how they can be

rempved by simple methods.

MATERIALS AND METHODS

Materials

Seeds of indigenous {food legumes were obtained +from the
National Plant Genetic Recearch taboratory (NPGRL) of the
Institute of Plant Breeding and planted to obtain fresh materiais
of leaves, pods and ceeds for anaivsis., The following legumes
were studied: batac or hracinth pean {DRalichos lahlalh), pigeon
pea f{Cajanus cajan), .Jack bean (Capavalia ensifopmis), szabawe!
‘Mucyna pouciens oo cochinchinensis), sam-samping «Cliktaria
ternatea), sword bean (Lanauvalia gladiata) and rice bean <(Uigna
umhellata).

All chemicals used were of anaivtical grade..

Samples of seede, 1leaves and pode were dried at 43 C for

48 hr, ground and passed through 49 mesh,

Analysis for Alkaloids

Screening for the presence of alkaloids was done according
te Heltin ancé Torsell (1285). Each sample (4 g dried materials,
40 mesh) was incubated with 40 mi of methano! overnight and then
warmed for 4 hr at 52 C. The mixture was filtered; the residue
was washed with 20 mL of methanol ana the rombined extiracts
evaporated .n warvs., The residue was suspendec in methanc? (2
mL) and 12 mi of !X HC! acded. The mixture was shaken and

filtered:y another B mbL cf 13 HC! was used tc washk the residue.
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The <fittrate was made basic with concentrated NH3 anc extracted
with taree 20 mbt ¢ chloroform (Fraction A). The agueous
solution was next made half-saturated with sodium sulfate and
extracted three times with 20 mk of chloroform: ethanol (3:2 v/v)
(fraction Bd.  The organic phases were washed with T mbL of half-
saturated sodium <ulfate solution and driecd with arhvdrous sodium
su!fate,

The two extracts were evaporated separately in uacua and 1.0
mt of HC! and 1.0 mt of chloroform were added to each with
.Uigorous shaking. The agueous phase from each was pipetted off,
4iltered through cotton and civided into six portions. These
samples were teéted with the +failowving alkgloid reagents:
Mayer‘s, Wagner'c, Dragendorff’s. Sonnenschien’s silicctungstic,
and Hager’s reagent, The amcun*s of p.ccipitate found were

compared to tnose recsulting from caffeic acicd solutions.

Treatments for Removal of Alkaloids

Two hundred g of uried orourd szmple was mixed with 250 mb
of distilied water, The mixture was placec in a water bath at 30
C 4or 'S5 min and centrifuged, and the supernate removed. The
residue was recentrifuged and the remaining !iquidvdecanted. .The
residue was dried and subjected to alkaloid extraction and
analysis, according to Hultin and Taorsell (1945).

The process was repeated for the following treatments: 30

C, 40 min; 45 C, 30min; and 45 C, 4&0Omin.
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RESULTS AND DISCUSSION
Screening

Amang the 8 legumec analyzed, anly nigeon pea, jacKk bean and
sword bean were positive to highiy positive for the presence of
alkaleids (Table 1), In these Tegumes, only the mature and
immature ieaves had alkaloids. Jack bean A-8, sword bean A-4, @&~
9, and A-!2 had high levels of alkaloids in both mature and
immature leaves, Batao, sabawei, sam-sampinag, and rice bean were
all negative to alKaloicds in ail plant parts anaiyzed, viz,
mature seeds, immature and mature pods, and immature and mature
leaves,

Leaves of pigeon pea have been reported to have many <¢olk
medicinal 'ses such as for scres, Jaundice, to  expe)
bladderstuaes, skin irritations etc f<Mortcn, 19764), Such
medicinal uses could be accounted for by the alkaloids. No
previcus report on such alkaloids in pigeon pea has been made.
Jack bean has been reported *c contain choline and trioanelline
(Quke, 1981) both nitrogen containing heterocyclic structures,
Chotine is an essential nutrient for man while trigonelline is a
product from the metabolism of niaciny it is devoia of the
antiblacktongue activity and is guantitatively excreted on
administration tc man and dcgs (White et al, 1973), Scme foik
medicinal uses have been acscribed tc sword bean but not to jack
bean (Duke, 198!). Aguinaldo et al (1%8 ) sinquiarly fcund leaves

of D. lahlab and L. cajan tc be positive for alkaloids,
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Removal of Alkaloids

Simple treatments.éonsiéglﬁg of soéiing in water at 30, 45
and 40 C for 30 to 40 min were tried on leaves of pigeon pea,
Jack bean and sword bean. SoaKing mature leaves of these legumes
at 60 C and for 40 min was the only treatment which wars <irective
in removing the alkaloids completely (Table 2, Scaking at 45 C
for &0 min or at 40 C for 30 min decreased the alkaicid jeve!l,

Similar results were obtained with immature leaves (Table
3). Only the &0 C - 60 min ssakino 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 704 witnhin 4 hr by
treatment wusing chiorine and heat (158 and 205 €) but only
slightly (< 204) by sulfur dioxide and hvdrcgen chloride,
Autoclaving ergot sclerotia at 121 C for 30 min reduced alkaloids
by 247 only. The néed for chemical treatment in reducino
altkaloids in eroot sclerotia could be due to the difficulty in

penetration of the sclerctiai tissues,

Remarks

This study i1centified pigeon pea, Jjack rean and cword bean
leaves as rich sources of alkaljoids, 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 ras mature seeds, mature and
imaature pods and mature and immature leaves of some
indigenous food legumes.

Variety/ Alkaloid content
Accession No, mature immature mature immature mature
seeds pods pode leaves leaves

Dalirbos

lablab

Batao A-37 - - - - -
A-43 - - - - -
A-41 - - - - -
A-32 - - - - -
A-357 - - - - -

Cajanus cajan BP-W

Pigeon pea - nd nd + S A

Phasenlus

_1r|nat”c . 3

Lima bean A-508 - nd nd nd nc
A-513 - - - - -
A-317 - v - - - -
A=-525 - - - - -
A-337 - - - - -
A-338 - nd nd nd nd
A-541 - - - - -
A-544 - - - - -
544 - - - - -

Lapavalia

ensiformis

Jackbean A-1 - ’ nd nd nd nd
Aa-3 - - - + +
a-5 - - - 44 +
A-4 - nd nd nd nd
a-8 - - - +h4 ++4
8-8 - nd nd nd nd

Hucuga

curanili

Sabawel A-2 - - - - -
A-5 - - - - -
A-8 - - - - -

Llitoria

ternatesz

Sam-samping 7-2 - nd nd nd nd
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Varisty/

Alkaloid content

Accession No. mature imnature mature immature mature
seeds pods nods leaveg leaves
Lapaualia
olardjata
Swordbean 4-3 - - - + +
A-4 - - - +4+ t+4+
A-5 -
A-9 - - - +44 1+t
A-17 - - - 4+ XY
Uiona
umbellata
Rice bean 26 - nd nad nd nd
28 - nd nd - -
44 - nd nd - -

Higly positive ++4+; 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 é0 €
30 min 40 min 30 min 60 min 30 min 480 min
Pigeon pea 4 + + - - -
Jack bean A-3 + + + + -
A-S + + +++4 + -
A-8 ++4 bt 444 +
Sword bean A-3 + + + - + -
A-2 44 ++4 a4 + + -
a-9 +ts ‘44 ++4 + + -
A-YZ ¢4+ +44 ‘4 + + -

High'y positive, +++: pasitive, +; negative - ,

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

bean

Accessian Treatment
30C 45 C
30 min 49 min 33 min 60 min 20 min min
Pigeon pea + + + + - -
Jack bean A-3 + + + - - -
A-S ++4 +++4 ++4 . -
A-8 t4s +e+4 +44 + + -
Sword bean A-3 s + + + + -
a~4 4 +4¢4 +44 + ¥ -
A-9 44 ++4 t44 + + -
A-12 ++4 +++ +44 + + -

Hiohly positive, <+++; pecsitive, +; negative, -,
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I
Lectins in Philippine Indigenous Food Legumes. I. Screening
Charlene F. Darrcga, Easter T. Villena and
Evelyn Mae T. Mendoza
Biochemistry Laboratory, Inctitute of Plant Breeding
College of Agriculture, University of the Philippines at

Los Banos, Coliege, Laguna 403!, Philippines
Please address correspondence to EMTM,

ABSTRACT

Several accessiuns each of seven different legumes were
screened for the presence of hemaggiutinins or lectins. Jackbean,
sword  bhean an¢ 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
others had strong reaction with either or both rabpit and human

type O RBC., Varietal di+ferences were also observec.

Keyxwords: 1lectins, phytohemzgglutinins, lequmes, 1lima bean
(Bhaseolus lunatus L.), sword bean {(Canaualia gladiata <(Jaca.’
DC.), Jjack bean (Canavalia eanifaemis (L.) DC.), sabawel (Mucuna
peuciens an canchinchinensis), batao or hyacinth bean (Dalichas

lahlah L.} and rice bean {(Uigna umbeliata Ohashi.).
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INTRODUCT 10N

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 fata! poisoning.
These so-called anti-nutritional faciors include cyanegenic
glucosides, phytates, trypsin inhibitors, saponins, alKaloids,
and phytohemagglutinins or lectins.

Lectins are of special interest because of their ability to
bind ‘saccharides and saccharide-corntaining proteins in a highly
specific manner {Liener, 1978>. The toxic effect of lectins when
ingested oraily could orchably be due to their ability to bind to
specific receptor sites on the intestinal epithetial cells which
thus causes a non-specific interference with the absorption of
nutrients across the intestinal wall (Jaffe, 1989).

Althoug~ hemagglutinins are proteinous in nature and thus
could be inactivated by neat, inacequate ccoking of come legume
seeds has resulted 1n reported cases of food poisoning
characterized by nausea and diarrhea. Slcw cocking or cooking in
large cooking vessels where temperature could orly reach 70-80 C
will not destroy hemagglutinins but actually increase their
toxicity <«Bender, 1983), Tnompson et al (1983) showed that
heating presoaked and Kidney beans at 100 € for !5 min or at 80 C
for 2 h~ or pressure cooKing (15 psi) for 45 min without
presoaking lcwered the hemagglutinin activity tc nondetectable

levels,
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Amonag the seven Kinds of legumes tesfed}by Bender ¢1983)
Kidney beans (Bhasealus wuulgaris) had 50 times as much
hemagglutinin as those with low levels such as split peas (Lens
culinaris) and black eve beans or cowpea f(Viapa wmnauiculata),

_Uarietal differences in type and amourt of iectinc in thirteen
cultivars (Puztai et al, 1979 and variable stability to heat
(Bender, 1983) have peen shown.

This study aims to investigate the nresence of lectins in

underutilized Phidippine ind:igenous focd lecumes,

MATERIALS AND METHODS

Materials

Mature wncle <ceeds of Philippine indigenous food legumes
were obtained +from tne National Plant Genetic Resources
Laboratory of the IPE.

Red bloods cells of rabb:it, bovine, human A and human O
types were obtainec from Sigma Chemical Co. Al} chemicais used

were of the highest purity avaiiable.

Preparation of Crude Extract

Seeds were ground and sieved through 60 mesh, Grouna
samples (250 mq} were extracted with S mL o4 €.904 NaCl for one
hr in a shaker and centrifuged fer 15 min at 3000 rpm in a
Kubota KA-1000 centrifuqe. The supernate was analvyzed fer

hemagqlutination 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 o4
crude extract (diluted 1:! with PBS) 2nd 50 vl of 0.54 trypsin-
sensitized RBC <{prepared according to the procedure of Sigma
Chemical Co.), The contents were mixed by gentle shaking and
hemagglutination reaction was allowed to take place overnight at
4 C, Agglutination was cetermined and rated *+, ++, anc +++ for
clight, moderate and strona hemagaiutinating activities,

respectively,

RESULTS AND DISCUSSION

fmong the food leoumec %tested, Jjack bean, csword bean and
batao had consistently high titers of hemagglutinins (Table 1)
against rabbit R8BC. Three out of five sabawel! wvarieties had
hemagglutinating activity <(HA), Lima had slight or no
hemagolutinatinag activity wnile cam-samping and rice bean had
more.

The Jjack bean varieties had littie or ro HA with bovine and
Human A RBC:; however they reacted strongly with human 9O RBC,
Sword beap showecd simitar reactione although a certain ac:eésion.
sword bean A-% was necative tc rabbit ard bovine REC but slightly
and strongly positive 1o human A and © RBC.

The reaction of Sabawel A-2 was very difterent from the 4
other accessicns., A-2 reacted strorgly to all 4 types cf RBC
while the others had no, ‘tittie or moderate HA to any 1 or 2

types of RBC,
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Batac reacted differently frem jack pear and sword bean in
that it had strong HR 2gainst human A& RBC.

Jackbean is Known to contain the lectin concanavalin A,
Diets containing raw jack beans and concanavalin A were jethal to
conventional gquail but non-letha! tc germ~-free birds (Jayne-
Williams, 1973)., Simi‘ar recuits with diets containing raw navy
beans <(Phasenlus uwulgapic) (Jayne-Williams and Hewiti; 1972).,
Jayne-Williams and Hewitt (1972) have suggested thai one are more
of the biological activities of phytohemagglutinins could
be to interfere with normal body defense mechanisms that the host
ts not able to prevent rormall!y narmless intestinal bacteria
which pass from the lumen of the gut te lymph, bicod and ltiver.

Thue tne high activities of 7 out cf 9 accessions of jack
bean studied could be atirinuted tc concanavalin £, tectins in
swordbean are rol we!! studied. Al'tamiranc (1983) reported the
immunciogical simijarity of lectin frcm sword pearn witn that of
Jack bean.

Lima bEkean lectin had been shown to have a giycopeptide of
molecutar weight of 1382 ard can be adsorbed by bhuman blood
groups of A and 0 (Misaki and Goldstein, [977). The oaresent
results showed slight hemagglutinating activity of 1lima bean
lectin to these blood groups.

Two hemagglutinins A4 anc S had been isolated from D. lablab
(Salgar¥ar and Sohonte, 1945a anc bJ. Hemaggtutinin a when fed

to rat at 2.5% to level produced zonal necrosis of the liver,
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Mucuna £flageliyies was shown to contain targe amounis (about
14% of the protein) glutinin specific o human bloog B type
(Mbadine and Agogbua, :978).

The results show varietai differences as well as possible
differences in the active site for batac which nas stronger

affinity to human blooc tvpe A tharn the other iectins,
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Table 1. Hemagglutinating Activity in Several Philippine
Indigenous Food Legumes.

RBC
Food Tegumes Rabbit Bovine Human A Human 0
Jack bean A-1 44 + - NP
Jack bean A-3 it + - 44
Jack bean A-J ++ + - 4+
Jack bean A-6 ++ + - +4
Jack bean A-8 ++ - - ++
Jack bean B-4 44 ++ - a4
Jack bean 8-8 +44 - - ++
Jack bean 44 + - - ++
Jack bean 45 + - - ++
Sword bean B-4 ++4 - - +
Sword bean B-9 +4 - - e
Sword bean A-4 + - + 444
Sword bean A-9 - - + P
Sword bean A-!2 ++4 444 +4 P
Sabawe! A-2 +44 +4+ .4 PRy
Sabawel A-S + - + -
Sabawel A-8 + .- + +
Sabawel 4-1 - - - 44
Sabawel 6-2 - - - +
Batao A-45 4+ - ++4 +
Batao A-5! +++ + +++ +44
Batao A-52 ++ + ++ 444
Batao A-57 ++ + +4++ ++4
Lima Bean A-544 - -
Lima bean A-537 + - + ++
Sam-samping ~ - - -
Rice bean (PRCL) - ++ - -
Rice bean
{Tapilan 28) - +4 - -
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Lectins in Philippine Indigenous Food Legumes.
11. 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, University of the Philippines

at Los Bamos, College, Laguna 4031, Philippines
Piease 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
hemagglutination and doubie immunodiffusion (Quchterliony)
technique. Fifteen min boiling of mature green seeas already
removed Jlectins aithough 45 min were needed to completely cook
the seeds. Mature dry seeds of swordbean A-4 took 45 min to
remove the lectirs although another accession (4-9) tcok only 15
min, Cooking by boiling of whole seeds (without seed coat) cut
inte 4 and minced or granulated resultea in removal of lectin as
determined by immunological method. However, nemagglutinating
activity was stiil detected in the whole and quartered seeds.
Cooking for 45 min in water , 0.9% NaCl, coconut milk with
water and ceocconut milk without water resulted in removal of
lectin immunologically but nemaggiutinating activity was
maintained/increased in the second and *third media. Autoclaving
and roasting removed lectins ac measured immunclogicaliy but not

the hemagglutinating activity.,

Keywords: sword bean  (Lanavalia niadiatal, lectins,
phstohemaggliutinin, hemagglutinin, detoxification, immuno-

diffusion, Ouchterlony technique.
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INTRODUCTION
fAmong the food legumes screened for lectins, swqrdbean is
one of those with high protein contents (22,58 -‘28.652) but
which exhibits strong hemagglutinating activity (HA) fBarroéa et
al, 1988). Since studies on this crop and its lectins are
Timited, swordbean was chosen as material for the detovification

(removal or inactivation) of lectinsc,

MATERIALS AND METHODS
Materials
fwo accessions of swordbean A4 and A? were grown in clay
pots (30 cm in diameter) arranged 0.30 m apart +rpm_each other.
Flowers wuporn dehiscence were tagged for subsequent sample
collections.

Sampies were cilassified as immature seeds., mature greern
seeds anc mature dry ceeds, Mature greer seeds were detoxified
fresh while the mature dry seeds were taken as composite sample
before detoxification;

Lectin standard fcorcanavalin A), con A antiserum and red
blooc¢ cells were obtained ‘rom Sigma Cnemical Co. Bacto agar,

O*her chemicals were of analytical grade.

Preparation of Crude Extract

Ground samples (250 mg) were extracted with SmL of 0.90%
NaCl for one hr in a shaker. The residue was removed by
centrijfugation {OE 15 min at 3000 rpm in a Kubota K&-1000

centrifuge. The supernate was saved for analyses,
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Double Immunodiffusion (Duchterly technique)

Bacto agar (1.5/4 (w/v) w=2< dissolved in pre-heatec 0,05 ™
tris~barbital buffer. The solution was heated in 2 boiling water
bath wuntil clear <(about 45 min depending on total volume of
agar)., After -ooling, 13 mL of the ge' wac poured into petri
plates (9.0 cm in diameter) anc allowed to solidify. A &-mm
hole/well was tnen punched into the gel using 2 gel ounch set at
2.50 cm apart from the center we!l, center to center, About 20
uL of agar was applied into each uwell %o seal *he bottom of wells
to prevent leallage of antigen‘antisery into the plate. Forty ulL
of undiluted antisera was placed into the center well; standard
concanavalir A / crude extracts were pilaced in the outer wells,
The plates were covered and Kept in placstic boxes at 4 C.
Immunocdiffusion was allowed to take oplace for !4 days, after
which the gels were fiooded with 0.%0% NaCl! for 2-3 days to
remove unreacted antigen and or ant:body, The gels were then
washed and soaked in distilled watrer fcr another day anc later
stained with coomassie brilliant blue, The radii of precipitins
formed were measured. The amoint of lectin was estimated by

Yogarithmic regression using a standard curve,

Hemagglutination Test

To each well of the microtiter plates, the ioilowing were
added: 50 uL of phosphate buffered saline (PBS), pH 7.2 was
added; 50 ulL of crude extracts ?dilluted 1:1 with PBS) and 50 ul
of 9.5 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 L. Agglutination titer was determined under
an illumination ‘'amp and rated as +, ++ and +++ for siight

moderate and stronao hemaggliutinating activities, respectively.

Methods of Detoxification
Different treatments were employed to detoxify the ‘tectins

in two swordbean accessionsj soakKing, bYoiling in water and in
different cooking media, autoclaving and dry heat treatment ar
roasting.
!. Soaking

Twenty-five g of whole mature green and mature dry seeds
of swordbean A-4 and swordbean A-% were soaked in water at 1:2
{(w/v) bean to water ratio for { to 36 hr. GSoaked mature green
seeds were collected every hour for 4 hr and at 4 hr interval

thereafter, while mature dry seeds were collected every after 6

hr,

2, Boiling

Twenty-five o of whole seeds were cooKed in boiling water
for 1S5, 38, 45, and 40 min (up to 7?5 min for the mature dry’
seeds) at !:2 bean to water ratio, the volume of which was
maintained wunti! the desired cooking time was reacned, Cozonut
milk <(with and without Nacl), 0.94 NaCl! and 1.04 acetic #géd

were a'so used for cooking.

3. Autociaving

Jwenty-five q of whole mature dry seecs were autociaved

at 1:3 bean to water ratio for 135 anc 30 min at 10 psi,
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4, Roasting
Twenty-five g of whole mature dry seeds were ropasted

for 15 min and until coffee-like, which lasted for 55 min.,

RESULTS AND DISCUSSION

The erythroagglutinin activity of detoxified swordbean seeds
was determined by its ability to specifically aggiutinate 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 immunodi ffusion
(Ouchterlony technique) wusing concanavalin A as standard.

Although the values obtained are onlvy rougn estimates
‘the use of con A as standard is based cn the premise that

Jjackbean and <swordbean lectins are immunologically  similar;
Attamirano, 1985), they vprovide bpasis for determining percent
lectin lost durtng detoxification, Hemagglutinating activity was
also determinegd since the antiga2nic property of lectin may
disappear during heat treatment but not its other biclogical
properties,

Precipitins for standard con A were already evident after 3
days and for the samples-- 9-10 days, however, the precipitins
formed were not sharp, Sharpness of precipitins was gptimum at
14 days.

1. Soaking

Results (Table 1) showed that soaking of ine mature green

seeds for 38 hr had little effect on lectin concentration as

determined immunologically and hemagglutinating activity, but
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considerably affect the organoleptic properties of the seeds. The
color charged 4rom pink to brown anc the seeds developed a slight
fermented odor; The former tcok place 3 hr after coaking 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 34 hr removed only 16% o4
the tlectin, but when soaked f{for another & hr the tectin
concentration dropped by approximately 29.4/ (Tabie 2), This
coincided with physica! changes such as swellirng and partial
breakage of the seed coat, and the development of the <dcistinct
fermented odor. In this ccnnection the ioss of lectin may be
attributed to leaching, as *he change in seed ccat permeability
and its rupture provide ease For diffusion to take place. 0On the
contrary, soaking of beans c¢id not affect the ~emagalut:nating
activity of the lectin, insteac a slight increase in
hemagglutination was observed 4 hr after coakina. Thic was_also
observed in scaked Kidney beans, though the apparent increase
was considered instanificant {Thompson et a}., 1982), Bender
(1983) reported 18-44% decrease in hemagglutin activity after

16-18 hr soakKing of Kidney beans.,
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Table 1. Effect of soaking at room temperature on lectin contents
of mature green seeds of Swordbean.

Sword bean A-d Sword bean A-%
Soaking Lectin (mg/ Hemagglu- Lectin {mg/  Hemagglu-
timechr) g sample? tinating g samplea tinating
activityb activity
0 22.45 + 12.73 -
1 16.69 - 12,785 )
2 18.12 - 12.05 +
3 14,30 - 13,05 +
4 18,30 ++ 12,50 +
8 9.2t ++ 16,15 ++
12 15.34 ++ 8.15 +
16 20,52 ++ 18.87 ++
20 20.07 ++ . 5,94 \ 4
24 18.45 + 11,15 ++
28 18.45 + 8.3°% : ++
32 18.45 + 11.55 +
36 18.45 + 11.55 +

2
Dry basis (mg/qg sample)j determined by immunological method.
[ o}

No agglutination (=); siight (4), moderate <++) and strong (+++)
agglutination.
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Table 2. Effect of soaking at room tenmperature on lectin
of mature dry swordbean seeds (Swordbean A-4).

Soaking time Lectin (mg/g)2 Hemagglutinating
Chr activity b

] 25,58 ++
é 20,08 -
12 29,00 -
18 14,44 -
24 28,95 +
30 19.34 +4
36 21,49 4+
42 15,13 ++

a

Determined by immunological method.

b

No agglutination ¢=)>; slight ©+), mocerate (++) and strong (+++)
agolutination.

2. CooKing

Cooking of mature green ceeds in boiling water for IS
min removed the hemagglutinating and antiaenic properties of
swordbean lectins (Table 3), However, 45-min cooking is required
for the bean itc be concidered thoroughly coored. Boiting 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 hroad precipitin band formecd in the immunological
assay f{Table 4),

Cooking of beans of different particle sizes (Table 3) for
1- t/2 hr was insufficient to destroy the hemaggliutinating
activity of lectins, alithough the immunological activity was
already destroyved. This can be attributed to impaired heat
renetraticn as the amount of sample used was ten times greater
than what was normaliy used for other detoxification experiments

(250 ¢ per ‘reatment), and the <clurry was very v!ccous, This in
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Table 3.

Effect of cooking in water on concentration and
hemagglutinating activity of jectins in mature green
seeds of swordbean.
Swordbear A-4 Swordbean A-9%
COOKiRG  ==mmmemmcm e e
time - Lectin (mg/g FHemagglu- Lectin ‘ma/g  Hemagglu-
(min) sample) @ tinating sample}? tinating
ctivityh activity
0 22,45 + 12,75 -
135 - - - -
30 - - - -
45 - - - -
&0 - - - -
overnight
soaking - - - -
+ 45 min
cocking
a

Determined -by immunolagical method.

b

No agglutination (-); slight (+), moderate (++) and strong (+++)
aliqlutination.
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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.

- - - - - " = o o e T ot e e e

Cooking Swordbear A-4 Swordbean A=°
time = = memmmmmmmmceeeeemsessss esssscscocscmooos o osses
‘mind Lectin (mg/ Hemaqglu- Lectin {mg/ Yemagolu-
g sampieX@ tinating g samplen tinating
activity activity
] 25.38 + 14.88 -
15 23,09 ++ trace
30 3.53 44 - -
45 trace - - -
40 - - - -
75 - - - -
overnight - - - -
soaking
+ cooking
a
Determined by immunoiogical method.
b

No agglutination (=) slight (+), moderate (++) and strong (+14)
agglutination.

Table 5. Effect of cocking swordbean seeds of different particle
sizes on hemagglutinating and immunological properties

of lectins.
Particle cize itectin (ma/g Hemagalutinating
sampie)a activityb
cooked whole - ++
seeds cut into 4 - +

(w/0 seed coat)

granules (with out - -

seed coat)

control 14.88 +
a

Determined by imnunological method.

b

No altutinationg i{-)3 slight ¢+, moderate (++) and strong (++4)
agglutination,



agreement-with the observation of Jaffe (1973), that heat
transfer“is imper%ect with a tough ;i;cous mass !;ie cooked
beans, and in the absence of vigoroue and constant stirring , the
temperature reached in parts of the preparation is inadequaté %or
the destruction of the lectin. Jaffe (1980) alsc suqggested that
a reduction in bciling point of water in mountainous regions may
result in incomplete elimination of the lectin.

On the other hand, boiling of whole bean seeds separately in
0.9%4 HKNaCl and cocomilk (Tahle 5) did not destroy the
hemaggiutinating activity of the lectin, When the *‘wo were

combined, HA was destroyed ancd a negative resuit was obtained.

Conking in %X acetic acid similarly resulted in negative HA,

3. Autoclaving

Autoclaving of mature dry swordbean seeds for 15 min
des*royed only the arntiqenic property of the lectin but not its
hemagglutinating activity <(Table 7) Further auloclaving +for

another 15 min completely destroyed the lectin.

4, Roasting

Roasting removed the immunological activity of lectins but
was ineffective in destroying its hemagglutinatina activity
(Table 8). The same recul® was obtained by De Muelenaere (19464)

in some varieties of P. wulnarics,
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Table 4. Detoxification of 1lectins 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/ Hemagalu-
Megia g sampley @ tinating g sampie) d tinating
activityd activity
Water - - - -
0.9 % NaCl - + - +
Coconut milk - ++ - 4+t
(2:1, ctcconut
meatiwater)
Coconut milk - - - ' .-
with 0.9% NaCt
1% bAC - - - -
Control 22.45 + 12,75 -
a
Determined by immuno!ogical method.
b

No agglutination (->; sltight (+), moderate (++) and strong {(+++)
agglutinatior,

Table 7. Effect of autoclaving on lectin activity of mature dry
swordbean seeds.

Swordbean A-4 Swordbean A-9
Autocla- tectin (mo/  Hemagglu- tectir (mg/  Hemapalu-
ving Time c samglela tinating g samplela tipating

(min) activit aciivity

15 min - + - 4
30 min - - - -
Contro! 25.58 et 14,88 +
a
Determined by immunological method.
b

No agglutination (-); stight (¢), moderate (++) and strong (+1¢)
agglutination,
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Table 8. Effect of roasting on sworbean lectins.

Swordbean A-4 Swordbean A-%
Treatment Lectin ¢mg/ Hemagglu- Lectin (ma/  Hemagglu-
g samplel@  tinating g sampiela tinating
activitv b activity
Control 25,58 ++ 14,88 +
Roasting for - +4 - +
15 min
Roasting unti? - + - +
coffee-like
a
Determined by immunological method.
b

No agglutination ¢-): slight <+), moderate (++) and sirong (+++)
agolutination,
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ABSTRACT

Globulins comprise the largest fraction in rice bean seed
proteins and accounted for 54-40% of total proteins, with albumin
(17-268%), prolamin (1,5-1,8%) and gqlutelin (3.2 to 4.2%4),

When fractionated on Sepharose 48, aqlobulins separated into
three peaks with molecular weights of approximately »>700,000, for
the first peak, 175,000 and 18,000 for Tapilan 28: 138,000 and
7,000 for Tapilan 46 and 40,000 and 3,000 €or Tapilan PROC 1.
Albumins exhibited 3 major peals and 2 minor one. The major pea¥
had a moiecular weight >210,000.  The other peaks had: 75,000,
3,900 and 1,700 for Tapilan 28; 144,000, 14,800 and 2,000 +or
Tapilan 2% and 564,000, 7,800 and 3,400 for Tapiian PROC !{. Both
alpumins and globulins exhibited heterogeneity showing 7-10 bands
on polyacrylamide gel electrophoresis.

The most limiting amino acids were cvsteine and methionine
with chemical scores of 38 to 594 oniy.

In vitro protein digestinility {IVUPD) ranged for 82-84% for

the seed meal, B84-88.54 for the albumins and 795.9 to 83.3% for

the globuiins.

1

Part of MS thesis of the senior author,
2

Present address: Institute of Chemistry, College of Arts. and
Science. University ofé the Philippines Los Batios, College,
Laguna 4031.
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Introduction :

Food legumes have become 2 suppiementary and even primary
source of dietary proteins in developing countries, As of 1975,
roughly 20% of the protein consumed by man is derived +rom
tegumes (Pimentel et al, 19757, The protein content of lequmes
ranges from 20~50%, and of the essertial amiro acids, the sulfur-
containing units nave been found to be limiting.

The nutiritional ccatribution of jequmes may be increased by

improving not only the guantity but 21sc the quaility cf seed

()

proteins available, In this reqarg, tuaies are being dene on
assessing the potentiais of indigenous Tegumes tnat are no?
widely used as focd, as a dietary scurce of protein, 25 well as a
genetic resource fcr the imprevement of the traditional ‘equme
crops.

Among the indigenous lequmes to which the Institute of Plant
Breeding of the Uriversity of the Philippines at “os Batios has
civen attention is rice bean (Uigna wumhellata) or “tapiian®,
Rice bean grows in varicus tropical countriers and come varieties
are being used as a mietary source of prote'ns in couniries ikKe
India, China and the Pni'ippines. Although rice bean is reported
to possess a2 relatively low protein content of approximately 174
(Mendoza et a', 1981, itc characteristic resistarce to peste
and diseases has raised considerabie interest in Dreeding
resea~ches,

in view of the possibility tha%t rize bean pay serve 3s 1
proteir source in human and anima' diet, or ac a genetic

resource, it is impaortant tha* a biochemic2a! evairation of the
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protein quality of rice bean be done,. This study was undertaken
to characterize and partially assess the nutritional quaiity of
rice bean proteins.

I+ ie hoped that this study wouid provide information that
would be usefu! in the current thrusts for the imorovement of
Tegume orotein aroducticorn, particularly in studies on

rediscovering the indigerous 'egumes as & source of prctein,

Materials and Methods
Soupce and Preparaticn pf Seed Samples

Dried seed camples of three accessions of rice bean were
octained from the institute of Plant Breeding, College cof
Agricutture, University of the Philippines at Los Batios (UPLBY .
Thece accessions were 26 (vellow prown), 44 (black) and PROC 1
(maroon).

Seeds were ground to pass &0-mesh in 2 Wiley Mill and were

Kepy in airtight containers at 4 C until used.

Ernauimate Apralycelis

kieldahl rnitrogen, cruce fat, cryge “<iber, ash and
carbohydrate content o4 the ceed meals were determired accorcing
to stangard AC srccedures (19732, Crude protein conternt was

caiculated by multipivinc Kieldani nitreger bv a factor of 6.25.

aring Acid 4Arcalxsis

Snough <samples ic contain é mg protein each were hydrolvzea
in 3 m. of 6N H4C1 under nitrogen at !0 C for 24 hr. The
hydroiysate was fiitered and evaporated to dryness under reduced

pressure at 40 C, The residue was dissolved in 10,0 mi of 0.2 M
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ph 2.2 sodium citrate loading buéfer. The resultiné soldtlon wae
analvzed in an LK9 450 Alpha Amino Acid Analyser using ULTROPAC
1 cation exchange recin., Amirc acid ana‘ysis was done at the
Institute of Chemistry, University ot the Prilippines at Los
Batios.
| Thg chemical score was cal .ulated as:

chemica! score = mg of amino acid in 1 o testfood x 100

mg of amino acid in 1 ¢ reference
orotein

Jsotatioe, FEraciiomation ans fLearacierization of the Swolunle
Proxeirps

Tpactionation cf proteins “rom the seed meais was dene
haced cn sclubilitv differenczes (Octorne, {8°98%, Tre whole seed
meals were defatted ‘thrice with n-nexare (1:10 wiv meal to
solvent ratio) xt 4 C with continucus stir~ing <o 4 hr each, The
defatted meal, which dic not ciffer aopreciably in appearance

$rom the non-desa‘ted meale, was rept - air-tight containers

in a freezer unti' used,

Deteeminaticr of Z Proiein Eractions
One hunared mg of the defatted meais were placed in

separate Tes® tupes. Twg-and-a-hals mL of 5 MaC! solution were
added tc eacn o4 the samples. The ~esulting mixtures were mixed
in a Yortex genie m:xer, atlomed to stand for 30 min with
occasiona’ mixing., anc centrifuged at 7,000 rom for 13 min., The
ciear supernatez, whizh contained the aibumins ang qiobulins,
were decanted off and dituted te 5,0 mb with distilled water arz

their pratein zontent analyzed,



The supernatants were dialyzed against water at 4 [ to
precipitate the globulins. The dialysates, which cortained the
albumin fracticn of the soluble prateins, were analyzed for
protein.

| The residues from the NaCl extraction were reextracted twice
more with 5% NaC! using the same orocedure, Protein content was
determ:ned on the seccnd and third extracis cf solubie proteins,

The residues +rom the third extraction of soluble proteins
were extracted with 70% ethyl alcohol, The ethanolic extracts
tontaining the prolamins exhibited colors similar to the tolor of
the seed cocats of the whale samples,

The glutelins were extracted with 0,9 NaOH solution from
the residue. The alkaline extractc were brownish in color,

regardliess of the color of the seed coats of the samples.

Beaparative Eractionation of Saluble Beoteins

Fifty g each of the defattied rice bean meals were stirred in
0.9M NaCt (20 ﬁL: { g of meal) at 4 C for ! hr, The slurry was
cenirifuged at 12.060 x g and 4 € for 29 min in a Sorvall RC 5
centrifuge.

The «clear extracts were dialyzed at 4 C against distilled
water until free from NaC! and precipitation of the gicbulins wag
completed. The mixtures were centrifuged at 12,000 x g and 4 C
tor 20 min, The preciritated globulins were wzshed wi.n
distilled water, collected and lyophilized to give a gray fluffy
powder for Acc 28 and brown powders for Acc 46 and Acc PROC t.

The supernatants, which contained the 2ibumin fraction, were

combined with the washings anc were 1iyophilized. The albumin
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fraction of Acc 28 proteins was collected as a lVight yellow
powder while those of Acc 46 and Acc PROC ! were both brouwn
powders.

The iyophilized atbumin and globulin fractions were Kept in

air~tight containers in a freezer until used for analysis,

Gel Zilieration of *he Albumir Ecaction

Fifty my samsles of each of the albumin 4ractions were
dissolved in 3.0 mL o+ 0.05M sodium phoschate buféfer oH 7.9, The
mixtures were passed througn a Wratman No., | #ilter parer. The
filtrates were cnromatographec on Sephadex 6-209 cotumn (1.5 x 70
m) using the same buffer, Three mL fractions were tollected at
the rate of $2 mi/hr vsing 3 Buchler +ractomette Alpha 200
avtomatic fraction coilector, The elution of the orotein
compcnents was monitored by measuring the absorcance at 280 nm,
The moiecutar weights of the eluted proteins were estimated using
the calibration curve prepared with catalase (Mw 232,000), bovine

serum aibumin (Mw 69,308) and cytochrome C My 12,400).

Hel Eiltratios of the flonwiin Epactions

Thirty mg samples of each of the ciobulin <$ractions were
dissclved in 2.0 miL of £.05M sacdium phosahate buffer pH 7.0 in
€¢.5M NaCl and crromatographed individually an the Sepharose 4B
cotumn ¢{.3 » 70 cm}. Three mi fractions were co'lectec and a
total! of 150 fractions were obtained for each sampie, Prete:in
was monitcred by measurine ‘the ahsorbance at 280 nm. A
calibration curve was prepared with standards <{thyroclobulin Mw
669,000, catalase Mw 210,000, bavine serum albumin Mw 69,000, and

cytochromec {Mw 12,000},



Disc fiel Elecirpnhnresis

The protein fractions were further characterized by disc gel
electrophoresis following the modified nrocedure of Davis (1944),
The molecular weights of polypeptide chains that comprisze the
protein  fractions were determined by polyacrylamide gel
electrophoresis in the presence of sodium dodecyl sulfate (Weber
and Osborne, 1949).
Retecmination of In Uitcn Pratein Digestihility

The digestibility of the protein “ractions and the seed
meals were determined ip vitrn fcilowing the method of Hsu et at

(1977) using trypsin, chymotrynsin and pepticdase as enzymes,

Results and Discussion
Peaximate Compsitior of Rice Bean Seeds

The chemical composition o+f the three varieties of rice bean
seeds is given in Tabie I, Protein content is relatively ‘ow at
17-21% compa?ed to other legumes. The reported averaqe value cf
the protein content of rice bean seeds is 20.9% (Duke, 1981)
which is not very different from that obtained for Tapilan 44,

Table 1. Proximate composition of seeds n¥ three rice bean

varieties.
Accesstons Moisture Protein Fat Ash Fiber NFE
A D /) ) (/)
28 8.97 16.82 3.46 4,31 7.43 64,73
44 8.44 21.42 3.77 4,58 6.59 61.09
PROC | ?.14 17.24 4,03 3.99 5.22 63,74

3
Excent for moisture, values are expressed con dry tasis.

NFE, nitrogen-free extract.
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The fat content of rice bean is 3-4% ic well in aoreement
with previous reports of 3.9% (Duke, 1981), The seeds are good
sources of carbohydrates, more than half of their weights being
due to caroohydrates (41-é54). Crude fiber and ash are within
range of the reported values of 5-7%4 and 3-4% respectively
(Mlendoza et aiv, 1%81),

Erz-%tiopation and Characterization nf the Seed Proteins

“he distribution of orotein in rice hean as determined from
Osborne fractionation is given in Table 2, Like mést legumes,
the globulins comprise the targest fraction and accaunted for 54-
40% of the total oprateins, Atbumins contributec 14-174,
glutelins 3-4% and the prolamins compased the smallest fraction
at 1.5 - 1.84, The total! nitrogen exiracted was in the range of

76-834.

Table 2. Distribution of total grotein in rice bean seeds.

4amount of protein

Fraction (a/100 g seed meal?
Acc 28 Acc 44 Acc PROC 1
Albumin 2.90 + 0,28 (17D 3.80 + 0.4Z2 (18 4,45 + 0,42 (24)

Gliobulin 9.51 + 0.87 (3&) 12.89 + 0,93 (407 ?2.96 + 0.56 (58

Prolamin 0.24 + 0.08 ¢{,5) 0.32 + 0.07 ¢1.8) 0.28 + C.0S «

Glutelin 0.7 + 0,12 ¢4,2)> 0,82 + 0.0%9 ¢2.8) 0.56 + 0.09 (3.2

Residue 3.44 200 3.53 (14) 2.01 [@Re))
a

Values are average of three replicates.

b

Difference between total proteir and sum of solubilized protein.

Pertent of total protein in parentneses.
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Gopinathan et al (1987) reported qlobulins to constitute 38~
54% of total seed proteins in several populations of Uigna minima
and M. wumhillata, Studies done on cther legumes reportec similar
values far the globulin fractions. In Bhasenlus seeds, 54-4!% of
the proteins were globulins (Pant ‘and Tulsani, 194%; Pouwrie,
1961). Bhatty (1982) reported that globulins comprised 66.5/ of
the total proteins in mungbean and 42.7% in peas.,

The contribution of the albumins optained for rice bean were
siightly higner that the reported wvalue of 7% in cowpea
(Hernandez et al 1982) and 8.1% in mung bean (Bhattyv, 1982),
Chickpeas, PBhasenlus seecs and peas exhibited cimi'lar values as
rice bean at 12,24, 13 and 14,1)X of aibumins in the total
protein, respectively (Bhatty, 19382,

The amount of nitrogen extracted is simitar to the 74-82X
solubilization reported by Evans ard Kerr £1943) and Powrie
(1941), On the other hand, Jambunathan and Mertz (1973} reported
a ‘ltow 70% nitrogen recovery using fractionation procedure of
Osborne.

Differences in solubilization of nitrogen may be due to
f4actors other than those inherent in the seed samoles. These
factors may be extracticn temperature, meal-solvent ratio and
particle size of the sample <Smith et al, !939; Cagampang et
at, 1964, it is also reported that tne alcohol and glutetin
fractions tend to oel and thus cavuse losses in extractable
nitrogen (Jambunathan and Mertz, 1973).

The prolamins and gluteline comprise a very small #raction

of the total proteins of rice bean. Aithough that they are a
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part of the nutritional contribution of the rice bYean oroteirn,
most of the succeeding analyses were done cn the two major
protein fractions, the albumins and the oglobulins,

The aibumin anc glohbulin fractions obtained were all
colored, The albumins of Acc 28 was ‘ight yellow whije the
giobulins were slightly gray. The cprotein fractions from Acc
46 and Acc PROC ! were reddish brown and dense. These two
tatter accessions gave albumin and globulin fractions of higher
nitrogen content than Acc 28, ac shown in Tabie 3.

The globulin fractions were of higher nitrogen content than
the albumins of the same variety. It is believed that more non-
nitrogenous materials that are also soiuble in water contaminate
the albumins than the qlobulins., Moreover, the carbahydrate
moities that are attached to the oroteins tend to vary. A
determinaticn of the starch content of the albumin fractions of
some lequmes revealed oniy iraces of starch in faba beans and
peas but 1,84 in mung bean albumin (Bhatty, 1982), Tnre prctein
fractions of cowpea were also found ncsitive <for glycoproteins
Hernandez et al, 1983),

Table 3. Protein content of albumin and globulin <fractions
isolated from rice bean meal (g/i00 g protein

extract).
Variety Amourt of Protein (X
Albumin Globulin
Acc 28 39.32 48,82
Acc 44 53.44 74.353
Acc PROC ¢ 52.64 71,62
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Hel Eiltration

The albumins exhibited 3 major peaks and a minor one ¢Fio,
). A1l of the first fractions were eiuted near the exclusion
limit of Sephadex §-200 corresponding to moiecular weights
greater than 210,000, The estimated molecular weights of the
other fractions are 75,800, 3,909 and 1,709 for Acc 26
144,000, 14,800 and 2,000 for Acc 44 and S6,00C, 7,800 and 3,400
for Acc PROC i, With the exception of the third fraction of Acc
446, the molecuiar weights of the 3rd and 4th fracticns were
extrapolated “rom the caiibration curve, The meclecuiar
weighfs of the corresponding fractions of the albumin samples
differ marKedly but the eluticn pattern are guite simitar (Fig.
1>. Cowpea albumins had only 3 peaks (Hernandez et al, 1983),
with the first fraction also coming out near the void valume,

The globulins separated into three fractions each, the first
one in all ot the samples eluting at the void voiume cf Sepharose
4B (Fig. 2) with molecular weight greater than 7?709,000. The
approximate mclecular weights of the other fractions are 175,000
and 8,500 for Acc 28; 138,000 and 7,000 4o~ Acc 46 and 40,000
and 3,000 for Acc PROC I. The mclecular weights of the thire
fraction of Acc 44 and Acc PROC { were extrapolated from the
calibration curve fer Sepharose 4B. As in the atbumins, the
molecular weights of the +ractions differ byt the elution
patterns of the globutins 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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Polyacpylamide Gel Electrophoresis

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 %wo to three
major subunits which may be of similar charge densities. The
fast moving subunits of the aloumins were lightly stained or
ditfused. Similarities can alsc be observed among the fas?
moving <cubunits such as the wide diffused band near midgel and
the three lightly stained narrow hanas from Rf 0.8 - 1.0,

The qlobuline gave 7 %o 8 Sards, with the major sup-units
appearing as a wide, intense bancd around midge! and a narrower
zone at Rf C,2 - 0.4 {r.qg., 4)., Again, the majer subunites for
each of the varieties anpeared to be guite similar. The disc gel
pattern o0f \Miria faba also showed major bands at Rf 0.1 = C.3
(Mcleester et al, 1973,

Electrophoratic natterns o< albumins ard globulins of other
Tegumes had varving number of pro}ein zones for each legume. Hu
and Esen (!1982) isolated scybean albumins and globulins which
gave rise to 50-40 major subunits, Albumins of Ehaseplus
unlgaris gave at least 48 bands while the clobuling exhibited an
extremely diffused banding pattern, (Mcleester et al, 1973),

The major polvoeptides of the albumin and globulin fracticns
were determined by SDS-nolvacrviamide gel elecirophcresis iFig.
5-4), The albumins gave three to five fine we'‘-stained bands
corresgconcing to polypeptides with molecular wetants over 36,000,
The samples gave two major po'ypentides each but the apparent
molecular weights of these majecr units differec from ore sample

to another., For Acc 28, the major urits had malecular weights of
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22,000 and 50,000 caltons. The polypeptides 0f Acc 44 were in
the range of 55,000 and 37,000 and those of AccPROC ¢ had
molecular weights of 29,0600 and 36,000, Thers were several
lightiy stained bands and each electrophoretogram was
characterized by a dif+used band at %f 0.4 to 0.8,

The globulins exhibited four to five very cicsely spaced
bands representing polypeptides with molecular weights over
66,000, Major subunits occurred in a narrower range of molecuiar
weights than the albumins, from 70,000 {ex‘trapolated) to 45,000,

The heterogeneity observed from the protein fractions hasg
also been seen in other lagume species ¢Bhatty., [982: McLeester,
1973, Hu and Esern, 1982), Sim:iar observations were also
reporteg tn rice by Iwasaki et al (1982),

One of the main causes of heterogeneity and multipiicity of
a few Kinds of subunits 15 the occurrerce of qenetic variants
arising in severa' miror bands (Bhatty, 1982). Other causes are
post-transliational, amorq which is the occurrence of ceveral
degrees of oligomerization resulting to a series of sedimentation
coefficients. There is also a possible intercnanqge of some of
the subunits, the contigent variaticn in size and the nature of

the hound carbohvdrate groups (Mosse and Pernollet, 1982),

aming Acid Compasitica

The amino acid composition of the seed meals and the preotein
fractione are given in the Table 4, Tryntophan was not
determined, Cnly acid hvorolysates were anajvzed, thus cysteine

and methionine are underecstimated since these are destroved during

acid hydrotyeis,
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Except for the sulfur-ccntaining amino acids, al! the other
essential amino acids determined hac chemicai scores above é0%
and some exceeding 100¥ (Table 3>, The most limiting amino acids
were éulfur-containing tnits, cysteine and methionine, Chemical
score for lysine, as expected of lequmes, were high, reaching
174% in the albumin fraction of Tapilan PROC ! proteins.

The chemical scores for the meals and the protein ractions
of Acc 28 and Acc 46 were from 384 to 39% and were based on the
limiting cysteine and methicnine jevels of 0,34 - 1,07 @ and 0.85

- 1.43 q per 100 g protein respectively,
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Tabte 4. AMino ecid content of dried defatted seed samples of Acc 28 46 and PROC
1 avd their soluble protein fractions (g aas1009g protein).

Acc 28 Acc 46 Acc PRCC
Defatted Aloumin Giobulin Defatted Aibumin Globulin Defatied Albumin Giobuiin
Aninp Acic Mea: Meal Meal
Lysine 7.7 3.83 S5.83 7.46 .15 5.9¢ 7.48 ?.59 7.57
=igtigipe 3.12 1.42 .48 3.:8 .82 2.12 3.22 2.46 z.18
Araginine 4,35 2.93 £.08 é.02 3.68 4.30 4.45 3.93 4,22
Agpart:c acid 1L.9¢ 8.348 10.30 11,320 g8.21 2.23 :2.11 12.34 12.z20
Threonine 3.84 3.43 2,08 3.48 2.48 2.96 3.82 5.79 3.7C
Ser~ine 5.8¢ 4,18 3.88 q4.79 2.98 4,31 5.09 4,29 3.83
Givtanic acig is.2% g£.14 14.66 17.15 11,923 3.0 17.1¢ 18.032 15.07
Prol ine 4,18 3.47 2.44 3.75 2.87 3.72 3.79 3.65 2.8%
Giycine 4,18 3.34 3.87 3.93 2.51 3.52 4,30 5.27 3.90
Alanine 4,7¢ 3.%7 3.76 4.40 3.85 4,03 4,48 5.53 3.464
Cystine 1.2t 1.87 0.%91 0.36 0.62 2.57 0.44 trace t~ace
Jaline 4,34 2.83 4,39 4.73 4.63 4.8! s.08 8.03 $.89
Methianine 1.19 0.85 0.86 9.98 1.43 c.85 0.79 0.32 0.49
Isoleccine 3.85 2.84 4,04 1.19 4.18 4,02 4,14 6.36 5.48
i.eucine 8.28 4,08 4.68 7.88 7.25 8.34 8.29 ?.48 10.51
Tvrosine 3.32 2.53 3.14 3.11 3.56 3.4 3.11 4,97 4,23
Phenvlalanine .97 3.16 5.38 5.43 5.04 S.94 5.94 7.14 7.61
Chemical .
Score , 4 43 53 51 38 59 41 35 15 29
2

Calcelated Sacec on the amino acid scoring pattern prepared by FAO/WHD (1973).


http:Phenyllar'n.ne

Table 3. Chemical score of seed meals, albumin and glaobulin fractions
of three rice bean accessions.

MET PHE
SAMPLE 1LE LEU LYS cys TYR ThR val HIS
Acc 28
Seed meal 94 118 130 43 185 24 91 133
Albumin 72 58 70 35 5 21 57 67
Globulin 101 ?3 104 51 142 76 88 103
Acc 44
Seed meal 104 112 134 38 142 87 ?8 132
Albumin 164 104 112 59 143 42 93 75
Globulin 100 119 187 41 140 74 926 88
Acc PROC ¢
Seed mea! 104 118 134 35 151 94 102 134
Albumin 159 159 174 15 292 144 141 102
Globulin 142 135 138 20 197 92 138 9!
a

Caiculated based on the nsrcvisicnal amine acid scoring pattern orepared
by FAOQ/UWHO (19731,

bUnderestimated values, will be re-anaiyzed; rice bear meal Cvs + Met
chemical score according toc Duke (1981) in 89%,
cFood and Nutrition board reauirement of alkino ra%t or infant 11963),
Data on amino acid composit;én of rice bean collected by
Duke (1991) showed that the meal contained 2,5 g methionine and
0.7 g cysteine in 100 g protein. At these levels, the sulfur-
containing amino acids are no langer limiting. Combined cysteine
and methionine levels would give a chemica! score of 1134,
The actual chemical scores cf the rice bean samples used
should orobably be higher than those ostained in thie study

since acid hydrolysis tend tc oxidize and ;:wnder undetectable

some cysteine and methionine (Schram et al, 1954),
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The albumin fractions of Acc 28 and Acc 44 were found to
contain higher methionine and cysteire 1ievels than the:r
counterparts, This is simitar to the findings of Bhatty (1932
in his study of the albumin fractions of some food fequmes.

All samples exhibited high levels ot aspartic and qlutamic
actds. In Acc 28 and Acc 46, the two amino acids were highest in
the meal and lowest in the albumin fraction. A cifferent trend
is observed for Acc PROC ! 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 mealc exhibited an additional éeak
in the red region which eluted before aspartic azid. Literature
showing similar!y positioned peaks that ctronqly absorb at 440 nm
identify these as hydroxyproline (Andrews, in Prctein Chemistéry
Notes, 2 publicaticn of LKB Biochrem Ltd.>. The peaks were not
quantified due to the absence of the amine acid in the standard.
The aminogram of the globuiins ano the albumins did not show this
peak suspected to pe hydroxyproiine since this amino acid is
expected to be presen*, along with greater amounts o4 proline. in
the prolamine fraction of the prcteins. The albumin and globuiin
fractions had nitrcgen recoveries between &7-88% with the
exception of Acc PRCC ! which had a nitrogen recovery of 98%,
The recovery from the whole seed meais were consistently high at
92-93%. Reported recoveries of nitrogen in amino acid analysis
of orotein fractions usually lie in the range of 76-%924 (Bhatty,

19823 Reichert and McKenzie, 1982),
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do Uiteo Protein Digestihility

The albumin fractions were found to be most digestible with
86,10 - 88,47/ digestibility, almost parallel in value te the
casein standard used which had as in uliro digestibility value
of 88.50% (Table 4).

The raw seed meals exhibited digestibilities of 82-3854,
slightly nigher than the 80% digestibility of mungbean and ?74¥%
for cowpea (Mendoza et al, 1982, Hernandez et al, 1983). A
similar determination on other ®hilippine rndigenous legumes
reported digestibility values aof 49 - 77% (Mendoza et av, 1982).

The globulins were least digestible at 75 - 83% contrary to
the greater digestibility obtained fer clobulinz in cowpea
compared to albumins {(Hernandez et al, 1983),. The authors
attributed the difference in the digestibilities of the fractions
to the higher trypsin inhibitor activity (TIA) of cowpea
albumins. Althaugh the trypsin inhibitor activities of the rice
bean meals and the protein frac‘ions were not determined, Mendoza
et al (1982) recorted a Tow TIA of 5-7 units/mg sample. Duke
(1981) reported the absence af both trypsin and chymatrypsin
inhibitors in rice bean., The lcw leve! or absence o< trypsirn ang
chymotrypsin inhibitors may account for the high digestibility

values of rice bean,
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Table 6. In wuitro protein digestibiiity of seed meals and
protein fractions of rice bean,

Samp'le /4 Digestibility
Acc 28
Seed meat 85.70
Albumin 88.43
Globulin 83.34
Acc 44
Seed meal 83.13
Albumin 88.47
Globulin 79.11
Acc PROC !
Seed meal 82.19
Albumin 84,1
Globulin 75.92
Casein ¢standard) 88,50
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Fig. 1. Elution patterns of the albumin fractions
of Tapilan 28 (A), Tapilan 46 (B) and
Tapilan PROC 1 (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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and SDS-polyacrylamide gel electrophoregrams of albumins [C] and globulins
[D]; samples: Acc 28 (A), Acc 46 (B) and Acc PROC 1 (C).
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CHARALTERIZATION OF SEED PROTEINS FROM SABAWEL
(MUCING ERURIENS) AND SAM-SAMPING (LLITOR14 TERNATEAR)
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Inst tute of ®lant 2reeding, To'iege of Aaricu) ture
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ABSTRACT
Seed croteins o7 safawe’ Mucuna asurciens ar
cachipchinersian anc  zaT-<ampinc t0liiaznia racpatea? were

1

“ractionated accord n: o oezlubiiiiv, Glomslirg were tne magor

fraciion ITI-74M), with a'oumin ant etytelin pavine simitar
srgporticr wB-12') and oroiamin at $8.9% oniv,

albymine ot s2mawe’ zors'ct of crcterns 24 molecutar we:eght
imwd  from 20,100 ta 152,300 and a ooivpectide of Jow mw 14,6000,
Atbumins ot sam-sampinc had larger m& corst:tuents: 7,7%¢,
24,558, 73,19C ann 43C,001. Giooulins had ‘arger proteins,
37,480 to >700.005 for the ‘we legumes.

Electrochores:s of the <ractions revealed that the fractions

and sub-~fract:ons were mostiy heterogeneouz. Methionine cenients

of the fact:ions were zetermined.
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INTRODUCTION

The seed proteins of sabawel {(Mucuba gprurciens or
cochinchinensis  and  sam-camping (Clitnria  ternatea)  were
fractionated - according to solubility and size and characterized.
This study is in line with our efforts to obtain a better
understanding ot legume seed proteins towards improvement of

their nutritional quaiity.

MATERIALS AND METHODS
Preparatipn
Dried seeds of Sabawe! A-8 and Sam-samping 7-2 were obtained
from the Institute of Piant Breeding, The seeds were cround to
pass 640-mesh in a Wileyr mil} and were stored in air ‘tight

containers at 4 C betore fracticnation,

Determinatian af 4 Prerein Sracticns

Based on the Osbor 2 fractionatiaon scheme {Osborne., 1898),
proteins of tne seec samples were ciassified according to their
solubilities in different solvents: albumins, water-soluble;
globutins, salt-soluble: prolamins, alcohol sotuble and
glutelins, alkali-soluble, The amcunt of the seed proteins of the
2 samples studied were determined on a tes* tube scale, all
operations were carrijed out at 4 C.

Two hundred and Fifty (250) me of ground and defatted sample
were placed in screw-capped test tubes. Five mL of 9.5 M NaCl
sotution at pH 7.5 were added to each sample and the resulting

mixtures were shakea for one hr in the Roto-tcrcue at setting 4.



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
dituted to é mL with 0.5 M NaCl solution. From these, 0.3 and
0.4 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 n:trogen by the Xjeidanl method (ADAC,
1980). Blanks were run usina the discs only,

The rect of the supernates were cialyzed against dics%iiled
water to prectpitate the qlobulirs, The dial'veates, which
contained the albumins, were lyecphilized.

The residues were reextracted four times more with 0.5 M
NaCl! using the same procedures, After the fourth extraction, the
residﬁes were then extracted three times with 70¥ ethanol (v/v)
to determine the amount of prolamins. The supernates from each
extraction were diluted to S mL with distillecd water and analyzéd
for protein using 0.5 mL aliquots on filter paper discs.

Glutelin was extracted 4rom the resultina residve with 0,05 M
NaOH solutiaon, Three extractions were also performea, The
sunvernates obtained were also diluted to SmL and a 0.5 miL
aliquot was anaiyzed for orotein. The alkaline extiract of
sabawel was browrish in color while sam~samuing had a dark brown
alkaline extract.

Boeparazive Fractienation of Sam=samping and Sahawel Meals

Thirty o each of the defatted meals were stirred in 400 mbL
of 0.5 M NaCl solutior “ar 4 nr at 4 C, The slurry was then
filtered and dalyzed against distilled water to precipitate the

globutlins, Both the nprecipitate falobulins) and dialysates
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(albumins) were !vophilized and stored dessicated in air tight
containers in a freezer.,

Extraction was carried out on both hulled and dehulled
seeds. Dehulied seeds gave higher srotein values and hence their

proteins were used for gel filtration.

Sel Eiltration of the Alhumin Fractiop

Fifty mg of the albumin fractions of sam-samping and sabawe}l
were dissolved in 3 mL of 0.05 M codium ohosphate buffer pH 7.0,
The mixtures were centrifuged in an BecKman Mini Centrifuge for S
min, The clear supernates were applied with a pasteur nipette on
the top of the gel bed o the Sephadex 5-200 column (2.5 x 62
cm). Five mL fractions ({10 drops) were cellected at the rate of
10 ml/hour wusina arn LKB 21:2 Redi-Rac fraction coilector. [}
total of 500 mb were cotlected, The elution nattern of the
protein componerts was mon:tored ¥ measuring the absorbance at
280 nm. The fraction numbers corresponding to the oeaks were
pooled and dialvzed apainet distilled water for twenty four
hours. The resulting dialvzates were lyophilized and stored in a
freezer.

Molecular weighte nf the eluted proteins were estimated by
using a standard curve obtained using the following standards:
ferritin (MW (MW440,000) bovine serum albumins (MW 49,000) and

cytochrome C (W 12,409},

Breparation ni the Sepharcase 489 Calumn
The suspension of the Sepharose 4B was  washed ana

equilibrated with 0.05 M codium phesphate buffer, pH 7.0, in
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0.654 NaCl, The siurry was deaerated and poured inte 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 ancd a flow rate of 16 mL/hr.  Slue dextran was used to
determine the void volume. The faollowing standards were used to

calibrate the column: thyroglobulin (M{ 669,000), ferritin (M4

440,000), and bovine serum albumin (MW &9,000).

Gel Siltration of the Glonulin Ecaction

Fifty mg samples of the olobulin fractions obtained from
sam-samping anrd sabawel were dissalved !n 2 mL of 0.05 M sodium
phosphate buffer, pH 7.C. in 0,5 M nNaCl., _.The mixtures were
applied and chromatograpned on the Sepharose 4B column, Three
and one-haif mL fractions were coilected and a total of 100
fractions were obtained for each run. The elution patterns were
monitored wusing a Beckman Spectrophotometer at 280 nm. The
molecular weights of the peaks were estimated using the prepared
calibration curve. As with the fractions obtained from the
albumins, the fractions corresponding tec each peak were pooled
and dialyzed aogainst disti!led water, The precipitates were V
lyophilized and stored in a freezer,

Sodium Dodecy) Sulfafe Polxacrylamide fel Elecirophorcesis
£80S=PAGE)>

The albumirns and glchuiins together with their respective
fractions as obtainec from gel! 4iltration were subjected to SUS-
PAGE, according to Weber and Osborne ¢1849),

The proteins were stacked at 4 mAstube for 20 minutes,

Electrophoresis proper was carried out at 8 mA/tube until the
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tracking dye was within 1 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 g Coomassie plue in 454 mL 50%
me thanol and 46 mi glacial acetic acid) for 5 hr.  The gels
were destained in 7,5/ acetic acid containing 5% methanol for
S hr a Biorad diffusion destainer and stored in tubes containing
the destaining solutions. & calibration curve was prepared by
plotting the mobilities of protein standards apainst the natural
logarithms of their Known molecular weights. The molecular
weights of the polypeptide sub-units were obtained 4rom the

standard curve,

determination of Lysieine and Methinnine
Cysteine and methionine contents of the fractions were
determined on acid hydrolysates of samples previousty subjected

to performic acid oxidation, on a laters-Millipore 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 aqlobulins comprised the largest fraction and
contributed 73-75% of the total proteins; albumine contributed 8-
10%, glutelins 10-12,5% and prolamins 0.4-0.8%.

Studies done on other legume seeds show that olobulins
comprise 06-81% of Phaseolus seeds (Pant and Tulsani, 1969),
64.5% in munobean and 62.7/ in peas ¢{Bhattv, 19821, This study

Qave comparatively higher values for the qlobulin fraction.
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In sam-samping 7-2 seeds, the altumins contributed 8% to the
total seed proteins. This value is similar to mungbean which has
8.1% albumins (Bhatty 1982), On ine other hand, cabawe! albumins
contributed a higher value of 9.784. This is higher than that
reported for cowpea (Hernandez et al, ¢9B3) but lower than the
values for chickpeas (12,2/), Phaseolus seeds (13 and peas
(14.1%) as reported by Bhatty (1982),

The glutelin fractione for both sabawel and sam-camping were
bath larger than their respective albumin fracticns. This is not
in accorcance with the reported data on lequme seeds where
glutelins are caonsidered to be miner proteins, with globulins and
albumins consisting the major portion of the seed preteins.

The total amoun: of protetn extracted tctaled 94.09% for
sabawel and 95.58) for sam-samping. Both values are nigher than
those reportec by Jambunathan <1973) with 70% recovery and bty

Evans and Kerr (1943) with 74-82% extraction,

Preparative Fractionation

The oprotein contents of albumins and globulins obtained
preparatively f£rom sabawe! and sam-samping seeds (Table )
ranged from 7! to 99¥. These are much higher *han those
obtained for fractiors of jack bean and sword bean (Samonte et

at, 1982,

Gel Filtration

Sabawei albuminc separated into three major peaks (Fig. fa).
on Sephadex G-200 with molecular weights of 132,000, 4,100 and

6,600 daltens. Sam-samping exnhibited 3 major peaks of molecular
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weights 430,000, 72,100 and 24,500 {Fig. 2a). Table 4 presents
the Mds of sabawel and sam-samping albumin fractions.

Sabawel and sam-samping globulins poth separated into 3
major peaks but with different elution profiies tFig. b and 2b).
Sabawel globulin separatea into fractiors of molecuiar weights
>700,000, 251,000 and 42,400 daltons. Sam-samping aqlobulin

fractionated into peaks of 760,900, 25{,000 anc 42,400 daltons.

6el Electrophoresis

S8DS gel electroohoresis patterns of the albumins and
alobulins and their fractions of sam-samping and sabawel are
given in Fig. 3a and 3b. These show the hetercogeneity of the
aroteins, even thoce already further +tractionated on ge!
chromatoaraphy, Motabiy sam-samning albumin has a ‘arge amount
of Tow molecular weight (14.3 KD) compcnents. For sabawel, mzjor

proteins are in the 18 ta 24 KD range.

Cystine and Methionine Contents

The concentraticn of methionine and cystine in albumin and
globulin fractiane is shown ir Table ¢, For sabawel methionine
is wvery high (>1534} in qlokulin and atbumir and is relativelw
high 1n oqtutelin (12.,04%), In sam-samwing, the alaumin and
glcbulin had high met levels, However, wnen  further
fractionated, the met leve! gecreased to 5%, As can be seen in
Fig. 2t, globulir 1l had several bands thus, none of the proteins
in this sub-fractior may have high me: (>2.5¢). Ir a preliminary
experiment on Dalichas lahiah in our 'abcratorv with Dr, B,O0. de
Lumern of UC Berkeley a met ricrn protein with about 154 met was

identified.
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The, method ..of de Lumen and Kho (1987).. using radioactive
iodoacetate in‘identifylng met rich oroteins is certainly faster

than the method used in this study.
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Table 1. Distribution of total protein in Sabawel A-8 seeds.

Fraction Amount of orotein # Contribution
{g/100 g seed meal?

Albumin 2,76 + 0.4 9.78
tcbulin 20,40 ¢ 1,14 73.0
Proiamine 0.18 + 0.04 0.44
Glutelin 3.91 £ 0.03 10,67
Resiaue 1.68 35.95

Table 2. Distribution of total protein in Sam-samping 7-2 seeds.

Fraction Amount o+ protein % Contribution
(g/100 o seed meal’

Albumin 2.41 + 0,97 8.0

Globulin 22,79 + 0.7 75,66
Glutelin 3.75 £0,08 12.48
Prolamin G.18 £ 0.04 0.60
Residue 1.33 4.41
a

Average of 2 replicates

b

Difference between total protein and sum of solubilized protein.
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Table 3. Protejn content of afbumin and globulin fractions of
o Sabase) A-8 and Sam-samping 7-2 seeds.,

Protein Content %)

Kieldah! Method Ltowry Methaod
Sabawel A-8
Aibumin 74,92 + 0.50 79.17
Globutline 98.00 t 0.10 78.54
Sam-samping 7-2
Albumins 71,26 + 2.2 34,42
Globulins £9.45 + 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 weight
Peak number Sabawe! Sam-samping
1 152,000 430,000
11 21,100 73,100
111 6,600 26,500
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Table 5. Estimated molecular weights of the protein fractions of
sabawel and sam-samping globulins separated on Sephadex

4B.
Molecular weight
Peak number Sabawel Sam-samping
I 700,000 ¥700,000
1 150,402 231,000
117 37,490 42,400

Table 4. Cystine and methionine content (mg/10C mg protein) of
protein fractions of sabawel and sam-samping.

Sampie % Cystine % Methionine

Sabawel
Globulin 1.11 20.80
Albumin T2P3 I 2,93 33.3¢
Albumin 3.13 15.36
Albumin T3P2 5.34 5.42
Albumin PU 0.24 S5.14
Blutelin ! 1.31 12.04

Sam-samping

Albumin 2.91 21,24
Albumin T2P1 0.3% 4,32
Albumin 7203 .38 2.1
Globulin 16,48 22.94
Globutiin TdPI 2.20 5.07
Globulin 73P2 0.29 4.37
Globulin T3P! 0.40 5.24
Globuiin T3P2 13 1.31 0.13
Globulin TdP1 I3 3.44 £.14

166



®991

Absorbance at 280 nm

; I1I

II

0.30— ITI

Absorbance at 280 nm

~ l I ] l | I l
100 200 300 400 ' 60 80 100 120 140

Elution Volume (mL) Elution Volume (mlL)
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Isolation, Fractionation and Characterization of Seed Proteins
from  Swora bean (Canaualia gladiata) and
Jack bean <(Canaualia ensiformis)

Josepk L. Samonte, Antonio C. Laurena and
gvelyn Mac T, Mendo:za
Insitute of Plant Ereecing., Ccllege of Agricuiture

University of %the Fhiliprines Los Bafios
College, Laauna, Philippines 403!

ABSTRACT

Based on sclubility, sword bean hac 7%/ olchbulin, 127
atbumin, &% prolamin and 0,3 glutelin. Jackbean nas 44%
giutelin. 144 jackhear, 4% prolamin and 0.8% a‘utelin,

A maior portion of .iazkhean albumin fractiosnated into 40-&0%
saturated KNH4)2504 white its a*obuiin fractronates :nic 40-4C
and  &0-€0%. Sword zean 2ltumin and glebulin <ractianated irte
80~80% and 40-40 anz &0-80%, respectiwe’v,

The albumin  and ¢lobulin of bo*h cword beer glcbuiin were
eluted or Bizgel a5im srd SP-Seshadex to oroduze two 4o three
peaks. These reaks were shown to be heterogenous by

electroohoresis.,
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INTRODUCTION

"The seed aroteinz of ifackbean 'fanzualia pasifprmis)  andg
sword bean (Caaauaiia gladia*a) were 4;a:£ioan:ed accerding  te
solubility and s‘ze and characterizeg. The <cvsteine angd
meinlionine contents cf scwe of %he $ractions were a'sg analvzed.
This is in Tine with cur erforts to obtain a better uncerstandinag
of leoume sceed croteine towards the imorovement of their

netritional gquatity,

MATERIALS AND METHODS

Materials

Mature seeds of swerd bean and jack bean wére oRtained frem
piants grown at the Inctitute of Plant Ereed'na. The seeds were
sun dried, dehulled and aroung *s n#ss tnreuch a 4 mesk sieve.
The samples were then freeze crind ard de<attes by stirring witn
hexane (1 ¢ meat: {5 mL) in %he refrigerator (8 C) for & An, The
residue wae re-exiraciec with hexare twice mo-e. The defatted
material was dried overn:ght in the hood and sgored in ajirtight
containers in the freezer untii use,.

All chemicais used were of apaivtical grade,

Extraction of Proteins

Fitty g of seed meai was stirrec with 5.5 M NaCl (1g: 20
mL).  The sivrry was stirred gentiy at 4C for 1 ar, The
m:xture was centrifuged at .G,00C rpm at 4 € for 15 min and the
supernate was coliected, The residue was further extracted (3xJ,

The combinec supernate were ciaivzed against distilled water

in the colc., The mixture that recultec was centr:fuged at 10.000



rom for 15 min at 4 C, The supernates were coliected and the
residue washed 2x with 100 mi distitled water. Both the

supernate and residue were lvophiiized,

Solubility in (NH{),504 Solutions
Five hundred nmg of sword bean‘iack bean albumins were
dissolved in 28 mL distilled water. This selution was saturated
with (NHy); SOy up to 26, <=taod for | Fkr at 4 C and then
centrifuged tc collect the precipitates., The supernate was
'further saturated to 4%, 407, 80% ard G0N, A'l  the
precipitates were ccllected =z2fter each saturation step  and
dia'vzed against disti'led water at & [,
For the seword bean and iack bean oqlobuiinz, the same

procedure was foliowed except these oroterns were disspglued in

€.5 M MaCl before ammonium sul<ate fractionation was done on 1t.

Bio gel A-50 6el Filtration

Two m! of the samnle containing 200 mg protein waz anplied
on a 3io gel A-50 cclumn ¢(2.5 x 70 ¢m) arnd eluted with 0,5 M
NaCi. The hycrostatic head was maintained at 42 cm and the
flowrate at 25 mishr,  The eluant used wac 0.5 M NaC: soiution,
The +ractions were collecied a* 3.9 mL per tube. The prctein
content of the fractions was mornitored at 280 nm. The pears
obtained were peoled together, diaivzed against cistilled water

at 4 C, and lvophiiized.

SP-Sephadex lon Exchange Chramaiography
Ion excnange chromatography of seed oroteins was dene vusing

a 5% cem colump with an internal! diameter of 2.5 e¢m. The
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hvdrostatic gressure was maintained at 17.0 cm and +'ow rate =t
2,50 mL/min. The eluant used wac 0.05 ™ sodium acetate buffer oH
4.0 with an increasing NaCl gradient. The <ractions were
collected at 2.0 mL cer ‘tube,

Two mlL of the sampie sclution containing 200 mg pro{ein
was appiied on the column. Proteirn conten:t was mon:tored at 236
nm. The peaxs obtained were pooled together, dialvzed against
dictilled water at 4 C and ‘vophilized afterwards. The salt
concentration of the eluates was determined using a conductivity

me ter.,

SDS Electrophoresis
Sodium dodecvi sulfate (SDS) polyacrvliamide gel eiectrophoresis

was done on the samples azcording to the srocezZure of YWeber and
Osharn 11959, Tha . ¢+ used contained 354 acrylamide and C.i%
305 in 9.1 M sodium phcspha*e pbutfer oH 7.0, The electrode
buffer zonzicted of 0.1%4 598 in 0.l M Na'phosnhaté buffe~ pH 7.0,
About S0 ug o¢ the arcteins were applied per tube an? a constant
current 0f 3 mA oer tube was uysed. The gel:z were s%tained mitn
0.25% Ccomasie Briitiaprt 2lue fo~ 12 hr ard destained in acueous
7.9%4 acetic 3cic~-9% methano! solution. The respective bands were
recerded on a agraphing paper. Ammantum sulfate 4fractions of
Qlobulins were run on slab PAGE under simiiar conditions.

Standards of Known molecular weight were run with the samples.

Amino Acid Analyrsis
3round samples were heated ir 6 % HC! uynder vacuum fer 24 hr

at ;10 C. The aminc acid composition of the acid hvdrolyzate was



determined with a Watere-Millinore HPLC apra-atez, Cveteine and
methionine were determined separately as cvsteic acid and
methionine sulfur after performic acid oxidation. Each samptle
was analysed cnce,

RESULTS AND DISCUSSION

Isolation of Albumins and Glcbulins

Gicbulins were the malor fracticns in sworgbean (78.7%) ano
Jackbean (é¢ 4%y, followec by aibumin in swerdboean (12.1%) and
aibumin and orolamin in iackbean ($3,5 ana '4.0¥) <(Tab'e 17,
Glutelin was on'» 0.3{ and 9.8% in <cwgrdwean and .ackbean,
respectively, These are simi*ar g the zrctein compesition of
cther Yegumes such cowpez (Hernanoez et al, (983, cam-samping
and sabawel {(Qcampo et al, !98%,,

Large batch fraction:=ion af atbumin ard 2ichutin $é~om lack
bean and suworag bean yielded fractions with 44-78Y orotein and ¢

to 134 carbohvdrate (Table 27,

Amnonium Sulfate Fractionation

A. Erariinns. Ammonium sulfate fractionation of swerd bean
and JjacKk bean proteins showed that the highest concentration of
proteins were found mostiv in the 40-40% and 40-80% saturation
fractions «{Table 3:. Jack bean altumins were higher 3t 49-60%
white its globulins concentrated in the &0-850% “<raction., In
centrast. more sword bean aloumins were fcund in &3-50Y fraction
and its globuline in 40-40% fraction.

If 211 of the oroteins from dack bean and sword Resn wers
almost of tne same net charges guring (NH4Y2 S04 fractionation,

then those proteins precipitating at a lower salt saturation
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leve! i1l be albumins t'gw MJ) and those at the th:igher ‘evels
will be the glabuline (high MW) ‘Khan et ai, 198%), Resuits of
ammonium suifate dFractionaticn showed thai jack bHean cantained
more ‘albumins® in the albumincus <raciion ang more ‘“glabulire”
in the globu'ir fraztion. | However, cword bean altumins were
concentrated more in the 43-80% +raction whije}:ts alobuline were
higher ir the 40-40% fracticn. This may oe due to the differences
in polaritv or net charges of the aminc acids 10 sward Dbean
thereby causing precipitation of high molecular weight proteins
at a lower saturation level.

The % recovery =f the sractions was lower than 1007,
However. thie % recovery almost coincided with 4 proteins as
sstimated by the &ieldahl N method. Probabiy, only the
sroteinaceous <4raction cof the atbum:n ang olobultn orecipifate
were isolated or reprec:pitated by ammonium sulfate, .

B. Electropherecie,  SDS gel electirophoresis of the

(ME4)2 S04 fracticn of jack bean athumin showed multinle Pande
(Fig, !>, Proietn o7 tne tancs were'hvgn1vv:cn:entrateé in the
20-40%. 45-49% ard 80-13G% (N44)2 S04 4ractiorns. One major zand
with an R€ value of 0.5 was present in 3!l these three sractions,

The eiectrophoretic rattern of jack bean alobulins showed
that multipie %ands were found ir 0-29%, é0-B9Y%, and 80-100%
fraction (Fig., 2). A major band 24 0,30 Rf was present in

]

almost all of the saturaticn levels, Camparing the band patterns
of jack bear alburins anc giobuline, a targe number of the

globutins were observed to have 'ower R< values than thoce for

albumine. Beth the aitumins and globutins nac <ewer bande in the
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40~-804 fractione.

In sword bean aibumirs, the proteins were concentrated in the
40-40% and 60-80% fractions (Fig. 3). Major Hands had Rf
vaives of 0.35 and 0.50. Similar results were obtained for sword
bean giobuiins (Fig. 47, Proteir bangs were high'y corcertrated
in the 40-60% and 60-30% fracticns, Jerv <ew proteins were <gund
in  the 20-40% ard 30-108% fractiorn. The maior pands were alec
<ound to have an 34 walue of 9.39 and 0,355, The B89-100%

fraction contaired a <ew pra‘ein bands.

Biogel A-50 m Gel! Filtration

Twe maior peaits (A and BY of jack bean albumine eluted at
volumes cerrespanding ¢o moecular weights of 407,600 and {85,300
daltons, respectively (Fig, 5, JacX bean giobulins also had two
peaks with motecular we:ghts of 477,800 and 207,400 daltons,
respectively {Fig, 5. Or the other hand swerd bean aibumins had
two oeaks of ditferent molecular weignts of 571,000 and 196,000
daltone, respectively,

SDS electrophoresis cf the w.rious pealks revealed their
hetercgeneity (Fig. 7 and 2%, Peak A o< jack Sean a'bumins hac 3
bards iesc than peak B, .n the glcbulin function, peaks A znd B
had similar patterns ‘F-'g, 7},

Pea¥ A cf sworc bean albuming nad two sircng sands which
were not fourc 1n peal S, In the glooulin fractior, peak B wae
more intense thar peak A. Atse, peak B had two extra banas that

were found in peak A,
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lon-Exchange Chromatocraphy

Jack bean albumins separated into three peaks uvcorn e‘tction
on ion exchange cosumn, with least absoroed pean A naving  the
largest amount of orotein (Fig. 9).

Swore bean albumins ceparatec into S distinct peaks unth
peak 8 having the largec* amoun: of proteins iFig. 10-1>., On tne
other hand, sword bean globuiins had ¢ peaks (Fig, 10-I1I). Tne
position of *he peaks shows the relative degree of pesitive or
negative zharpe of tne prateins. Thus, ir aeneral. the giobuling
af sword bean were mcre posttively charged "than the malor
alpumins.

SpS gel electrcphcresis patterns o the samples sheowea e
major bands in peak A o< jack Dean altumins (Fig. 11!). Two tow
moleczlar weight prozeins were obsarved 'n peak C. Bokr prak 2
and € had more parce tran A put of iecser intensiiv.

“ne electrothoretic patterns of :wo~rd hean aibumine
fractions from ipn exchange chomatographv were quite different

on each cther ¢Fig. 12), Peak A had bands cf higher molecuiar
weight than the other peaxs. Peaks C, D and £ had bands
concentrated in Rf higher zhan 0.5,

Interecting'y, vword bean giobtlins had a large numbper of
intense bands in pears B anc D, with Rf’s from 0.. to 0.9 (Fig.
13). Pezx © nad iittle orotein which faiterr to snow up on the

gel., Peak C had a <ew bands within the region of Rf 0.3 t2 0.43,
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Nethionine and Cysteine Contents

in jack bean, gioo 40-BD fraction had a relatively h:igh met
content of 1{.38% (Tanle 47, in sword bean, albumine had much
higher levels of met ¢14 %o 38%) than in giebuiins ¢13-14%),
However, as shoun n  <$iq, 1 to 4, these dfracticne are
hetercgenecus and, thus, <the met content wrll be turtner spread

out irto tne various protein componen-c of the ¢~actions,
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Table 1. Protein fractions of swordbean

and jackbean.

Swordoean A-:2

Jackpean A-€

%4 alpumin 3.95 £ 0.,5¢ (12.1)
¥, globulin 25,1 & 1,38 (78,7
Y% glutelin 9.083 = 1,003 (0.
4 protamine 1.66 = 0.:6 3.82
% oroteir 1n

residue 1,00 2 0,52 090380
4 Total

pradein AL,%0

' arotein i~
seert meal 5,94 + L,72

(K3

6,27 413.5)

£.26 (66.41

2

Fercert of total orctein in narenthes!

Table 2. Albumin and globulin of mature seed of

sword bean.

jack bean and

Samsle Yielc Carbohy~ Protein
a/190 3 meal grate (V3
4

JacK bean
altbum:n 13,4590 2Z.26 23,85
alobul:n £4,9339 4,23 59,47
ragiduye 52,80 ner aget’d 6,23

Sword bean
atbumin 13.6352 10,42 né, 31
glcbulin 2,53%4 4,14 7.46
residue 58,60 rot det‘c 2,19

175


http:22,23.06

Table 3. éfmmoniun sulfate fractionation of albumins and globulins
of jack bean and sword bean.

NH 42,80,
Saturation Protein {ma) :n (hH,),€0, fraction
D albumin cliodutin
JacY bean
¢ - 20 §.0 7.2
20 - 4 7.6 34,8
40 ~ 40 . 104.,¢ 133,02
60 - 8¢ 3C.4 $7E.,9
B¢ - ‘co az2.0 13.4
Totat me 172,€ 34%.3
% recovery 3<,5 73,08
Sworgc bean
g - 22 $.9 é.9
20 - 4C 12,9 92.¢
40 - 4% 93.0 188.2
50 - 80 12%.2 {30.%
80 - 190 18,0 15.8
Total meg 2:4.4 397.8
/4 recoverv 43,28 78.96
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Tahle 4. Methionine and cystine content of albumin and globulin
BN fractions of some ‘indigenous food legumes. - o
9rprein fracticn Cre Met
Jackhean
G'ob 0-20 1 2 a7
Gilgb a4b-¢% 1! 2.42
Glck £%-20 :} 2,37 |
Gizch Reg'Cue 1. 2.8:2
Sworcdbean
Alp % 2.79 14,23
A'c 0-29 11 1 .4¢ 5.3%
Atk 20-4i) 11 5.72 -
ath 60-89 I: .25 18,10
Alb BY-100 It z.38 9.12
Swerdpean
Ao c,4% 23.C0
fatb 20-40 AS £.22 19,69
Alp 49-48) Ag 10,23 3c.08
Albh E0-1090 I: 2.28 2,85
Swordbear
Glchb Regicue | 2,72 12.72
Giob a-12 5.67 14,44
Gion 9-2C ! .31 .17
Gloh 20-40 ! z.,9°8 J.al
Gieop 48-40 1 :.,5¢ .31
Gloz I3 12 3,32 12.9%,
¥
Met anc <2vrs determtpnec 9y cer+onmic ac!c  oxicat'on of  ine
different <ractrone foliowed Ly azid wvdroivere, F'ob referz 0
cladulin “~action waile als refers <o tne 2tbumin <raztisr, A4S

den v,

ammorium suifate fractian,
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PROXIMATE AMALYSES AND IN VITRD DRY MATTER DIGESTIBILITY
OF SEVERAL PHILIPPINE INDIGENOUS FORAGE LEGUMES

“elicito ™, Rodriquez, Eureka M, Dczamno and
Evelyn Mae T. Mencoza
Institute of ®lant Breeding. College of Agricu!ture
University o+ the Philippines Los Bafies

College. Laguna 4C3!1 PHILIPPINES, Pleacse address
correspondence to SMTM,

ABSTRACT

The proximate compositian of the mature and immature leaves,

mature and immature ©pads and mature seeds of nine forage
tequmes was determined. These lequmes include: dAeschynomene,
Lassia orcidentalis, Centrosema. Calopcaonium, trotnlaria.

DecmoZium, Puerar'a. Phaseniuns lahyopigss and Perpoaqon,

In vitro ¢rv matter aigestibitizy (IVDMD) ranced from 16 4c
38%, for leaves, and !3 to 384 fcr pods. Seeds of two sampies had
IUDMD of 8 ang ZiY.

Metabolizatle energy (MEY predictes <rom  crude “iber
contents ranged from 2.40 te 4.30 kcal/c for ieaves, 3,50 to 4.25

kcal/g for pods and 3.42 to 4.29 Xcal/g for seeds,
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INTRODUCTION

The nutritive value of fgedc can be esiimated'thréunn the:r
dicestibility and chemical ccmpositicn, Ffrom the Tatter.
especially, crude fiber, feed energy values can be precicted,
Hocwever. although crude fiber ic continued to be used. its
inadequacy because of the great variabiiity irn ‘ignocelluiose
ccmoositicn between species and cther facters. has been
recognized., Tnus., other methods have been proncsed to replace
crude fiber analvsie: ‘these are: acid cetergent <+ibe~ <(4DF),
neutral detercent fizer (NDF) and licrin (Ficder et at, 19801,

Digestibility sredicts more accurate'lvy the nuetritive value of
feeds. In vitro methacs have een develosec usino elther seiected
enzymee (rma:nlv cellu¥oces) or usipe rumen iiaucr. Tre tweo-stace
ie  w2iiro rumen fermentaticr technique Fag become wvideiy accepted
ac the method to precfict digestidility cf all tvnes of forages
(Martin and Barnes, 980D, H:ch correlations befweer in vitro
rumen andé in vivo dry matter digestibiliivy have beer reported
iBarnes, 1973). Lopez et al (1974 obtained correlat:on of 0,85
to 0.90 for 38 indigencus and introduced ¢pectes of forages.

reeding svyctems are basec on me&abo{izable enerqgy <MS) of
the feed componente iMinson, 1980), Tabies 0f ME values of
raughaces have been nrepared and equatione ectaplished to predict
ME values satisfactorily from chemical constituent contents cf
the feed.

Also essential for furage evaivaticn is ihe estimation of
crude protein content although this does not accurately shcw the

extent of its breakuown in the rumen (Lena, 1?83,
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Different par:s of nine species indigenous tc the
Philipoines were suniectec to procximate anaivses and in vitro dry

matisr accentani'ity to estimate their feeding valves. These

spectes are: feschynomene, Sass:a accideptalis. Calococacnium,

Centrosema. Crctetaria, Desmodium, Shasenins lathyroides,

Porpogon  anc Pueraria. ME va'uee were also estimated <rom crude

‘iber contents,

MATERIALS AND METHOD%
Materials
Seeds of the a‘orementicrec <craae iegumes werz ant2iped
from  the Nationa® Plant Genetic Zeszerces Labsratory of the
Institute of Plant Breeding, “hase were clanted tc obtain <rech
samples of immature ancd mature ‘eaves. irmature ard mature Doce
and mature seeds.

Rl chemicals used were o+ analvtical crade,

Preparation of Samples
Leaves, pods anc mature seeds were sercarately dried a%t 45 C
€ in & forced drast awer +for 42 k-, Afierwards, tney were

grounc in a Wiley mitl anrd saszec throuch e¢b mesa sieve,

Analyses

Moisture, #$a%, orotein % N x 4.25). ash anae fiber were

getermined accerdirg tec officiat ASAD methods <edal, 1963,

Metabolizable Energy (ME)
ME was calcuiated from the reqressicn equaticn (Y=4,45-

€.062 CF) developed by Armstrong (1964) for temperate grasses,
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In Vitro Dry Matter Digestibility (IVDMD)

1UOMD was de%ermined using the crecedure of Tillev and Terry
(1963 a2: modified by FEarnes (1567 and was cone 2t the
Animal Nutrition Laboratery of the Inctitute of Animai  Sclence.

a4, UPLE,

RESULTS AND DISCUSSIONS
Proximate Analyses
The oroximate comoqsiijcn of different parts of nine
Philippine incigenous forage legumes is summarized in Table 1,
Moisture content of immature and mature leaves and paods
ranged frcm 45 ‘o B24 while that of mature seeds ~anged fram 4.5
tc %4, Fat content rapgec from 1.3 to 4.4% :p leaves and oods

and 2z to 74 in mature seeds, Notad'w, the <cllowing had

o)

relativeiy high teve's of <a* content ir mature seec

,

Aeschynamene ¢12%), Calopogor:um (iC.74), Desmediumr <1430

anc
Porpogon (174, S:imi’ar ranges cf <2t contents were recorted by
Serpacic and Castilio {:979) for Centrosema. Aaschynomeng and
Kudzuy., Prctein content was f~om & to 74 in leavesz 2 to 3.54 in
cods ancd 18 tc 33 in mature seeds. Relatively hich protein
contents were observed in seeds of: Peschynamene (23%),
Catopogenium 4334, Crotolaria ¢277), Desmodium 130%4), Xuczu
(30%) and Porpogor 2334, _ower crotein content was founc in
pods. Jarijetal differencec were also ewvident; e.C,. for
Centrosema, prctein ccntent of seeds ranged from i8.454 tc 22,734,

The cra%ein contents opserved in the ieaves of these l23umes
are comparativeiy ‘ower than ip ievcaeaa leaves 1264 (Geroacic

and Castilio. 1i979: Endriral and Mendoza. !979): and acacia
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teaves (21%) (Gerpacio and Castillo, 1%79).

Ash ranged from 1 to 2.6% in leaves, | to 1.5 in pods and
2,4 to 4.7/ in seeds, Fiber ranged 4rom 1,2 %o 5.8% in leaves,
2.2 to 3,74 in pods and 5.2 to 174 in seeds, Aeschynomene seeds
were highest in fiber contert.

Nitronen <$ree-gxtracts cr carhohydrates were the malor
constituent oé the legumes, ‘Leaves had (& *to 200 of WNFE, pods
had 2.4 to 284 ir pods., and 32 to 584 in seeds,

Thie 15 the +firct compretensive stuoy of *he chemical
composition o4 different parts of sever2! accessicns of dForage

iegumes indigenovs te the Philippires.

In Vitro Dry Matter Digestibility <IUDMDD

IVDMD  of |mmature and mature leaves ranged 4$rom 14 to 384
and for immature and mature pods--13 to 28X (Table 2. Crotoiaria
had the nighest IVOMD valuec “c~ leaves ano pods. Seeds of twe
samples Crotolaria and B. lakthyreides hao 1UDMD of 8 and 2134,
These vwalues are mucn ltower than the «cocrtrel sampie of L.
depcncenpala  leaves with 49,72-51,244 1YDMD and 33 to 644 IVOMD
for :4 grasses and 2& te 68Y for 7 lecumes, ohtai~ed by Lcpez et
al ¢(1974), The values for Desmodium, Puera~ta and 2. lathursides
obtained in thiz studv were about 30% ‘esc than ‘those reocried by
Lopez et al (1$74:, The dif<erepces could be due to varietal
differences., These ‘cw IUDMD resulic zcuid csugmest the low
feeding walues of the l!ecumes analvzed and need tc bhe re-

invectigated.
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Prediction of Metabolizable Energy (ME)

ME  for the sampiec caiculated from crude <iber content
(organic matter basis) rangec from 3.40 to 4.30 kcal/o For
leaves, 3.50 to 4,25 Kcal/g <or pods and 3.62 %o 4,29 kecal/q

for seeds :Tabie 3). High MZ valver (4.0 to 4.30) were obtained

for jeaves 9f Aeschynomene, Lassia czcidenfails, Crotolar:a and Ba
lathyppides, Mecivm leveis of 3,75 t0 3,99 Ycai/g were odtained
for leaves c+ Centrosema, Ca'osogonium, Puerariz anc Peroogon.
tow levels of 'ower than 3.70 ¥cal/o were chtainec fcor leaves 24
Desmedium $2 accessions), ME walues fcor immadure and mazhyre pa7s
were similar tc those obtainec #or 'eaves, MZ valves for seeds
were general'y lowest in 4 of the 13 cameles anc :o#parable wjth
the other parts in the other camcles.
The regression eqguatien &Y = 4,45 - 0,042 CF) used in this

study was obtained from data ;or temperature grasses (Armstrono.
1964), Minson and Milford <1944) thtad reported mean energy

contents of 4.37. 4,!% and 4.53 kcalsg dicestibie crganic matter

fer  sampies of Sacghum  2lmum [iigitazia  decumoens — and
Macrantilivm atcanucpuzeum. A range of %,88 - 4,77 «wcal/g <or

23 lecumes was 'aver reoorted (Mingan., 1980). The estimateo ME
valuee for tre lesumes :n this study are within ine range of the

reported values fcr <rcsica’ legumes,
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‘Table 1. Proximate composition and in vitro dry matter digestibility (IUDMD)
of different parts of several Philippine indigenous forage legumes.

Leagume/Acc/ Moisture Fat Srotein  fsh Fibher NFZ
Sart 4 G O MxE.25) ) oA
~eschyncmene

Acc 19B6-8

Immature leaves 74,21 2,98 £.14 LLWET 1.34 HE CD]
Mature leaves 48.6% 4,17 §.3¢ 2,70 1,48 14,20
immature noas 74,72 2.05 5,84 1.1 2,15 14,328
Mature necde 86,27 2.02 5.56 1,18 2.1 14, 3¢
Mature ceeds 9,13 11.93 24,77 3.39 17,25 23.2%
Ace 1PR-2
Immature leaves 72.54 2,24 4,22 1.91 1,41 19.97
Mature leaves 42.79 4,45 g8.42 2,951 1,93 19.%0
Immature pods 73,14 2.20 5,31 1,28 2,24 13.6%
Mature pods 64,49 2,20 5,34 1,2 Z.36 13,49
Mature seeds 2.44 11.47 24,54 2.8¢0 i7.14 23.89
Balatong Aso
‘fass:ia accidentalis)
Acc 3P
Immature leaves 74,32 2,42 .23 1,98 1,48 18,57
Mature leaves 70.17 2,34 8.84 2,44 2.20 13,81
!mmature poas 91.17 e 37 2,24 1.20 2,91 10,90
Mature bpogs 70.85% 1.37 Z,z4 1.2 2,918 i0.70
Mature seeds 5,94 2.97 21,98 4,65 8.23 57.99
fcec 24
mma*yre leaves 74,323 1.7 2,9 L.97 1,42 2.38
Mature leaves 29,738 2,19 8.435 2.7¢ 2.04 12,30
Immature nods g1,é¢ 1.18 2.04 1.23 3.14 16,72
Mature pods 72,54 1,34 2.14 i,zi 2.47 g.48
Mature geecds 4,48 2.€8 20,63 3.%96 11,67 S54.3€
Centrosema
acc IM-4
immature leaves 70,83 2.06 7.80 2,09 2,26 12.9%
Mature ieaves £2.18 2,464 9,84 2,27 9,84 18,42
immature pods 73.6% 1,44 3.36 1,08 2.7% 15,70
Mature oods £9.58 1,24 i.73 0,87 2.1 28.235
Mature ceeds 6,28 .86 22.73 2.48 8,90 S7.85
Acc BPI-T!
Immature jeaves é8.75 3.18 9.41 2.85 2.14 12.47
Mature teaves 42,38 3,34 2.47 2,71 3.80 13,08
immature pods 72.44 1,73 3.27 1.7 2,44 EQ.?B
Mature pods 44,78 1,43 2,27 1.04 2,75 57.6{
Mature seecs 4,75 7.17 18.4S 2.988 8.99 57.59¢

s
0
w



Legume/Ace/ Moisture Fat Protein Ash riber NFE
Part {3 (VR 9] (%) A {0

Acc J5-1

immature leaves ¢é7.52 2.79 3,38 .23 3.43 15.42
Mature leaves 64,31 2.89 g.2¢% 2.8% 3.3% 17,29
Immature pods 72,548 V.87 3, 1a 1.14 2,282 13,03
Matyre -oge 87,448 1,53 2,45 g.,¥3 2.4z 3%, 48
Ma¥ure seacsz 5.98 3,38 12,72 2.,dd g8.:z0 37.94
Acc 37-%

[mmasure ?eaues s2.14 2,94 2,48 2.44 2.48 15,34
Mature teaves 84,72 z.7S .27 2,43 4,57 18,22
-mratere npods

Mature node
Mature sgeds
zlerosoniun
Auc J3-1
Immazure loaves 73.00 2,95 5.83 1,79 2.5¢ 12,47
Mature 'eaves 0. 8¢ 3.3 4,51 2.95 2.97 172.37
Immature seds 75 .85 L.22 .19 1.18 Z..8 12,90
Mature teds 47,94 1,472 4,47 1.47 012 zi.39
Mature seeds 4,49 10.58 33.z2 4,28 13,60 33.89

Crotolaria
Acc 0= NB:
Immature leaves 72,54 2,69 7,31 1,47 2.42 13.27
Matare ‘agzves 84,78 2.92 6.,4% 1,24 3.37 19,32
Immature ande 73,39 1.59 2,74 1.1 2.%94 13,69
Maure scds 45,15 1,95 4,12 .53 2.42 29,19
Mature seegs &.29 4,98 24,79 3.75 13.28 42,5
sze 20-1 (B
Immature 123ves Tq.l2 2,24 .39 2,32 13,42
M3iuare -2auves 82,95 2.4 L Es 3.07 3,55
fmmatyre nod 7a 43 1.73 LLET .23 13, :t
Matyre soﬂs 4, 3 1,87 {, 32 3.51 23,2
Matire soerns 4,357 7.8 3,73 19,45 42,19
Bro fi-l
Immitupe tiaves TEL, 4T 2,48 R .78 2,81 H
Maiyme igxuacg 22,44 4,42 $,47 1.7% R <
imrature peds TR 24 {.22 2,e3 Len2 3.12 K
Hature nods 42,67 L.74 3.78 $,82 3,32 ki
Matyure s2ege

vesmod um
dce D2-1
{Tmature leaves 59.8¢ 2,34 £,30 1.98 4,82 15,19
M:iure legues 64,905 2.45 7.71 3.49 4,35 13.77
Immature poas
Maiure rode
fdati~e gpedg 4,48 19,10 30.72 3.29 4.15 29,23
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Lequme/Ace/ Mcisture Fat Protein  Ash Fiker MFE

Part ) V4D (508 (%) ) (4]
Acc DO-2

Immature leaves 71.81 2,28 5.29 1.00 4,39 15.03
Mature leaves 43,40 3.28 7.43 2.70 3.26 14,35

!mrature pods
Mature pods

Mature seecs 6.14 13.84 36.33 4,140 5.46 29,13
acc CT

Immature leaves 72,79 t.82 3.44 1.17 4.36 14,90
Mature leaves 63.30 3.26 6.35 3.56 4,11 19.22

Immature pods
Mature pods

Mature seedc 6.49 13.44 30,17 4,08 6,31 39,51
Acc 3

Mature seeds . 9.44 {4,:7 29,49 4,22 9,15 38.0¢
Acc 195

Immature ieaves
Mature leaves
mnature pods
Mature pode

Mature ceeds 6.36 13.95 aon.¢? 4,24 .85 38.5¢
Puerarty
Kudzu
Acc DG-1
Immature isawec 79.04 1.82 4,52 1.77 2.96 i0.79
Mature leavee 71,43 3,09 5.5¢ 2.43 2,38 14,354

Immature ccds
Mature pods

Mature seeds 5.40 5.13 27.43 5.7 3,20 50.467
Prasenlus
Lathyraigae
fcc IP3
immature Jeaves 21.3% 1.0t 3.37 1.34 1.79 %.13
Mature leavoe 76,36 2.4 ¢,34 2.23 2,04 ¢.90
Immature pods 74,36 {5t 4,37 1.38 .42 14,76
Mature pods 74,54 1.5: 4,37 1.38 5.42 14,74
Mature seeds 8,53 3.7 17.9% 3.463 2.35 36,75
Acc 15¢
Immature leayas 83,47 1.18 .26 1,25 1.22 e, 52
Mature ieavec 75,858 2,538 8.47 2.79 2,37 9,2
immature pods /703 1,72 4, Bs 1,5 3.16 $3.97
Mature pode 77.03 1,73 d,2¢ 1,18 2.1 5,07
Mature seeds 8.47 <,29 21.492 3.484 3.00 52.02
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gegume/Acc/ Moisture Fat Protein Ash Fiter NFE
Part ) A ) (&3] ¥ L)

Pcrpogon
fAcc BPI-TY
Immature leaves
Mature Teaves

immature pods 72.5% z.04 $.77 t.07 94 19,42
Mature rods 72,34 1,84 .98 1.49 277 17.32
Mature seeds 5.79 172.05 22,10 4,22 4,35 32.323

Table 2. In vitro dry matter digestibility (IVDMD) of selected
forage legumes.

Sample Acc 7 1VOMD
It ML 1P MP MS
Ralatong Asc 3P 18.91 23.51 19,58 23.48
Calopogonium JS-1 26.98 24,94 - - -
aM-1 24.40 20.4€ - - -
fentrosema IM-1 16.29 30.%1 13,31 36.22
BR:-T! 23.84 27.94 21 .48 28,22
BPTB 26,68 35,14 18.67 32.49
Js-1 2.4 32,15 - - -
Crotolaria gM-1 13.22 25,4z 15.98 33.49 4,75
We PC-4 12,458 1£4.4!¢ 15,52 38.14 7,29
NB PC-1 28.25 25.7¢ 12.44 29.42 7.89
Desmodium 193 21.51 28,02 28.9¢ 29,88 19,36
Kudzu 9P 27,2 20,20 - - -
Phaseplus
Lathyeccades IPB - - - 32.47 20,48
158 - - - 32.43 20.09
Porpogon 8P1-T! 20,15 24.48 - - -

1L - immature Leaves: ML - Mature Leaves: 1P - Immature Pods:
Me - Mature Pods: MS - Mature Seeds.,

iugraepa Jeucozepbala ieaves were USEO as control with VDMD  of
49,72-91,284.
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Table 3. Crude fiber content and predicted metabolizable energy
of several Philippine indigenous forage legumes.

Legume/Accs
Parz

Crude Fiber

Metakolizable
energy

_—_---—_..._-._—_-__-_..._.._—____.._-._-_..---....._—_—_...__....—_..-._-_.-—--_-._

Aeschynomane

‘3ce IPB-I
immature Leaves
Mature Leaves
Immature Pads
Mature Pode
Mature Seeds

4cc IPB-: -
[rmature Leaves
Mature Leaves
Immature Pods
Mature Poce
Mature Seeas

Balatono Asc

(Cassia accideatalis}

Qce BF
Immature Leaves
Mature Leaves
Immature Pods
Mature Pode
Mature Seeds

Lassaa vccidentalis

"Ace 2¢.
[mmature Leaves
Mature Leaves
Immature Poads
Mature Pods
Mature Seeds

Centrosema

dcc BM-{
[mmature Leawves
Mature Leavecs
Immature Fods
Mature Pods
Mature Seeds

(%) (¥
DMB OMB
-8,27 5.49
2,40 5.91
18.9g 19,74
5.13 5.52
5.1% 5.56
19.93 19,73
5,41 5.9%
7.38 6.0%
8.70 9.21
£.04 6,59
10.05 11,06
17.07 18,29
13.34 13.9€
12.48 13.03
7.75 8.35
i2.3t 13.40
11,33 1,84
£.33 §.50
9,50 °,75
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4,24
2.96
3.52
3.78
3.84

4,13
3.84
3.92
4.25
4.95



Lecume/Acc/ ' Crude Fiber Metabolizable
Part 4D Enercy
oMB oMs ‘kcal/sql

ficc BPL-TL!

Immature Leaves 16.95 11,05 3.9¢
Mature Leaves i5.88 17,18 3.9%
Irmature Pods 3.83 9.25 4,08
Mature Pods 7.8¢ 8.0%5 4,45
Mature Seeds .34 ?.69 4,95
racc JS~1 -
Immature Leaves 10,65 10.95 3.97
Mature Leavec ?2.30 10.11 4.02
Immature Pods 11.14 11.77 2.92
Mature Pods 7.44 7.64 4.,1¢
Mature Seeds 8.83 ?.08 4,09
-fcc BP-2-
immature Leaves 3.41 2.4 4,09
Mature Leaves 12,95 i3.91 3.79
Calcpoaonium
¢ee JS5-1
fmmature Leaves 10,24 11.93 3.97
Mature Leaves 8.7 9,98 4,06
Immature Peds 0.8l 11,27 3.95
Mature Pods 9,72 i0.20 4,02
Mature Seeds 14,24 16,90 3.73
trotolaria
ice PC-1 (NE:
Immature Loaves 3.95 .45 4,04
Mature Leaves 10.14 16,77 3.9¢
Immature Pods 12,19 12,81 3.868
Mature Pode¢ ?.81 16.27 4,01
Mature Seeds 14,45 14,78 3.74
Acc PC-1 {WB)
Immature Leaves 9.10 9,59 4,04
Mature Leaves 9.89 10.52 4,00
Immature Pods 11.25 11.48 3.93
Mature Pods 9.85 10.23 4,02
Mature Seeds 1i.16 11.6¢ 3.92
w.ace JS=1:
Imature Leaves %.55 10,22 <,02
Mature Leaves 10.0: 10.40 2.99

Immature Pods 14.38 15:95 3:48

Mature Pods



Lecume/Acc/
Fart

Desmodium

*icc DR~
Immature Leaves
Mature Leaves

.Acc DR-Z-
Tmmature Leaves
Mature Leaves
Mature Seeds

Puyerariz

Kudzu ¢<Acc DEG-1)
Immature ieaves
Mature Leaves
Mature Seeds

Phasenlus lathyepides
-Acc 1PB
immature Leaves
Mature Leaves
Immature Peds
Mature Pods
Mature Seeds

“Acc 198
Immature Leaves
Mature Leaves
Immature Feds
Mzture Pods
Mature Seeds

Pcroooen

Y4cc BPL-T!
immature Peds
Maziure Pods
Mature Seeds

Crude Fiber

4

B omMB
16,16 16,78
12.91 14,14
16,28 1,88
15.29 17.24
$.68 7,20
?.83 19.73
?.05 g.v8
5.49 3.22
?.6C 10.35
8.7¢ ?.71
{e.01 10.4¢
6.74 7.22
?.81 11.07
8.76 9.79
0.7 11,13
12,01 10,358
7.02 7,34

Metabolizable
Eneray
(Kcal/q)

-d O

w W
By e

oW W
[N NS
OSmo

£ oo
No ©
O w0

3.96
3,99
4,19

OMD - drv matter bacic

OM3 - orgar:c matter bas's

a

Calculated from the regressior equaticn (Armstrcng, 1946)

Y = 4.55 - 0.042 CF,
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SAPONINS, PHYTATE, POLYPHENOLS, GL1GOSACCHARIDES, LECTINS AND
CYANOGENIC GLYCOSIDES IN PHILIPPINE INDIGENOUS FORAGE LEGUMES
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ABSTRACT

€apanins in seecds ranged fron 9.26 to 0,92, highest in
Desmoaium and Porpogor. All samoles were costtive t{c the froth
test except for an accesszian ¢ Calopoaarium.

Polvonenois were generaliy low ip the nine species analrzed,
both in terms of condensec tannins and £lavanols, Inly
Centrosem2 and 2. lathyrpides had relatively high $iavanol
groups ¢5.57 to 10.12 mg catechin/g).

Most of the samples had high (S mg P/g) phytate-phosphorus,
Seeds of Aeschvnomene, L. accidentalic and Calopogonium and
relatively high levels of cligosaccharides ¢)SW),

Strong hemagglutinating activity tcwards bovine red nlced
cells was observed in seeds of Centrosema (5  accessions)
Crotolaria (5 accessions) and EBhaspolus  lathyecides  ¢f
accession:,

Cvanogen:c glucosides were very iow op nondetectablie in aii

samples testec,
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INTRODUCTION

Aside frem  proxmate compesition ard gry matter
digestibiiity, the nutritive vatues o +forage can be Vimited by
the presence of cdeleter:ous substances. Some are outricht Zcxins
causing 117 health o~ ceath tc animaic while ot-ers do not cause
symptoms of ii' nealth but cause reduced production, These
dietary-oependent disorgers were clascified bv Reid (1973) into
seven groups according to their causes: 1) nutritional
mismatcning, (2) mireral poisonirg, (3} ooiconing by naturaiiy
cccurring substances, '4) cisturbances 2% ~uminant phrsiolcgy or
metabolism, (3> interactiors of nutritior and noxious agents,
(&) poisoning v cheticals introduced by man and (7) physical
damacge . Otner reviews on tne subtect have been made (Hegarty et
al, 1$85: Feqarty, i921).

This <cteoy aimed to adetermine the presence ana leuvel of
several anti-nutritive <actore in ceeds anc other parte of
severa! Pailigpine indigenovs ‘eaumes, flost =f the =ampies used
were seedc becauce 2an':er studtes showed that tne anti-nutriente
are wusually lccatized in seeds, These anti-nutritive #artors
are: saponins, phrtate, polvpheraols., oiigecaccharides, iecting
and rcvanogeric glycosides. Deccriptions and effects of these
factaors are given in other portione of thie report. The studr on

atKaloids is »nresented in the following paoser (Rodriquez and

Mencoza, 1988),
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MATERIALS AND METHODS

Siaples. Seeds of the forage legumes were obtained firom the
Natienal Plant Genetic Resources Laboratory of IPS and grown. in
the 1PS experimental <arms to obtain fresh samplec, These
lequmes were: Reschyncmere, Cagsia occrdectalis or batlatong asa,
Caiopogorium, Centrosema, Crototar:a, Desmedium, Pcroooon,
‘ Phasenlye lathyznides and Buerariz bhaseoinidze,

Chemicals. A1 chemica‘s used were of analvtizal grade,

Preparation of Samples, Raw mature seeds were dried at 45
fer 48 nr, cgrouna and nassed ‘inrough 60 mesh. Cvanogenic

glycosides were determined in <resh samples,

finalyses, €1) Saponine were analyzed by the modified
Liebermann-Burcnard ‘est described by Lubag et al ¢(1989) and
by the froth ‘ect, (2) Phvtate was measured according ‘to the
method of uWhee'er and Femrel (1971) and expressed. as phytate-
phosphorue, 1%) Folvphenel contert wac measured using the
mocified wan:ilin assay (Price et at, 1978 and protein
precipitation {Hagerman and Butler, 1933), (4y Cligosaccharidec
were determined by subtectire 70% ethane| extracts to thin laver
chromatography ucing HBTLC plates and surceqguent densitometer
analvsis (Revilleza et a}, 1988). (5 Lect.n3 were estimated by
meanrs of their hemageiutinating activity {Barroga et al, 19887,
") Cvanogenic glvcosides were determined using ©ooth enzymatic
(Reay and Cenn., 1970 and nicric acid method {Revilieza et al,

1988) .
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RESULTS AND DISCUSSION

Saponins

Saponins ranged from 0.26 to 0.924 in 7 species tested
(Table '), These values are much higher than those reported for
iood tequmes ~(Lubag 2% al, 1988). Froth test Qas positive to
nighly positive, Amono forage legumos, zlfalfe (Medirage sativa)
saponins are best studied ancd nac been chown to  cause typical
symotems of hloat in ruminants +Coulson arg Davis, 1962) .
Ciforts towarze mocification of caponin content 'n alfalfa  had
beer reported <Jones, 1%9e¢9, 3s c'ted oy  Brav, 1981) . The
antifungal properties of some saponine have a‘sc been impiicated
tn dgsease resistance of plants. Sapcnin for alfa'fsz has been
shown ‘o depress orowth of the heetle (Teibclium cestaneur?

tarvae (Sharv et al, 19701,

Polyphenatls

The zeeds of Aeschvnomene, Cassia occidentalis, taltopogonium,
and Forpcoon had low leweis of fiavanols as measured by vaniilin
assay ¢Table 2), about 19 to 20 times less thar in mungbean
(Barroga et al, $985). Onlv Centrosema ang E. lathyreides seeds
had considerably hicher flavanals ¢5.37 to 10.1Z mg catechin/a).
Crototaria had no detectabie +iavanol group.

Low ‘evels of arcteir precipitabie pgivohencls were also
6btained in the samo'es testez (0.!3 to !.B! mg ‘tannic acid/g}
(TAE) comparec to carghum (1.J2 to 5,45 THE) (Bullard et al,
1931) ard cowpea (l.4d to 4,77 TAE) (Laurena er al, 1983) but

hicher than for mungbear (C.16 ‘o D.&! TAE' f(Earroca et al,


http:czsiqn.uM

1985)

These resuits indicate that these seeds o0f the ‘species
analvzed had Jow ‘levels of polypherols of the hydrolvzahble
tvpe, thus perhans, de net censtitute a nutritignaj proolem,
Reviews had earijer concluded the lack of euidence fer  forage
tannine to be harmiui In ruminant 2rets YMecieod, %74y Price ane
Butten, t9aMy, nowever, in cascc whers hvérolvzable tannine are
hvdrolvzed to liberats g2itic acid or ovrocallol which s
absorbed in such quantity as to  guercome the bodv’e
detoxification svsten, Kidney netrosis and mortal:ty can  occyr
(Hegarty et al, 1935: Pigean e al, 19431 McCosker and Hunt,
19667,

Tannins mav even he needed in forages. Eariier studies had
chown that tannins are not present in ‘the leaves cf bipat-
indecing temperate 'egumes, but are aresent in leaves ot lequmes
which do nat cause bloat (Ross and Jones, 1974), Thus, a
strategy <4or recucira/removing bloat brocicing property of ga
forage is te increase tannin content in leaves (Brav, 198%),
Interestingly, hioat seems not o he a problem with tropical
teoumes ameng whigh oriyv DL Llapiab had been reporied tp induce
bloat (hami‘tor ang Rutrn, 1963), Howeuve~., the absence of biogat

was not correfated with tannin centent [Hytton ancd Cooxe, 19661,

Phytate

9f the samples {ested onty 4 had lcwer than 5 mg phytate
fa, all cthers had higher thar S with Catopecgonium  JS-!  and
Porpogon BPI-T1 having the hignest wvalues of 9.40 and 10,20,

respectivelv (Table 2), Phvtate 1n the seed makes about S0¥% of
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the seed’s phosphorus unavailable and it also could complex with

other minerals to make them l'ess available.

Dl igosaccharides

Amang the samoles analvzed, seeds of Aeschynomene, Ca
accidentalis and Calopoaecnium nad retatively hich levele of
oligosaccharidec 2SN Tahle ., Aeschynomene and L.
accidentalic hzd hinher raffinose “han ctachvese and verbascoss
cembined. The others hac s:milar contents of the =2bove or  the
reyerse, t,e,, higher stachvose aprc verbazcose tnar rzéfincue.
Varietal differences were a‘stc auite enigent,

Sirce siigosaccharidesz are 'ozairzed in mature seeds and are
much lcwer 'n the other parts of the ptart (Reviileza et al,
1988:, hey probabiy are not the majer cauce of gas procucticn
or bioating 1n livestock, Bioat in cattle has teen shown 19 be
caused py soluble lea# proteinc which form stable fcam in the
rumen that prevents the removal cf gases produced by microbial

fermentation ot ingeste¢ food,

Lectins

Pmang the <orage legumes invest.cated. Centrosema, Cretolaria
and Calnpogonium had streng HA tc bovine RBL hut tittle or ne
reaction to rabbit. auman A and O RBC ‘Taote 4). 2. larnveaidas
accessiorn 158 hac a strong hemagoiutinating ectiviiv acainst
bovine RBC bu: the access:on IFB had none.,

Porpcgon, Desmodium and £. occideptalis had slight to
moderate hemagolutinating activity to bovine RBC and mostir no

such activity to the other RBC’s,



tn general, the forage tegumes had strong bemagg'utinating
sctivity against hovine R8C  ccmrared to the strona
hemaqglutinating of foad lequmes angainzi rabhit RBC {Barrogz et

al, 1988) sugpesting different composition of their active cites.

Cyanogenic Glycosides

The HCN ootential of centrosema (5 2accessions) Porpogon,
Kudzu, and Crotolaria (% accessians), ir immature and mature
leaves and immature pods was nil or zera. The picrate method
whick has the ‘tendency to overectimate cvanide due to its
reaction uwith other volatiles suzh hvdragen sulfide, aldehydes
thiocvanates and nitrites, However, even thic method failed io
detect cvanide in the camples tected, Cvanogenic a'vcazides are
shown %o oaccur r pasture stecrec such  ae Irgfplium  cepens,
Lypodon pacivlon, L. aethionizus ang varisue Socobur  speciec

(Hegarty, 193¢,
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Table 1. Saponin in raw mature seeds of several indigenous
forage lequmes.

Sample Saporin (%) Froth Test
. Liebermann-Burchard
Tect

Aeschvnomene 1PB 0.56 +4
Catopogonium BM-| 0.48 -4
JS-1 0.48 -
Centrocema JS-: 0.26 4
BPI-T; 0.7¢ -+
Crotolarta PC-! WB 0.75 ++
Desmodium DO~ 0.52 +
23 .28 +
Kudzv B2 9.48 +
Parpogor BFI-T{ 0.92 ++
Calauan 0,d% +¢
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Tabie 2. Polyphenol and phrtate content af raw mature seeds of
~ Philippine indigenous legumes.

Polyphenote
Sampies Yaniitip Protein Shytate phosphorus
G=53y prec:pitaticn (mg P/
img catechin/g) Mg tannic atidsg)

Aeschynomene
IP3 1.37 0.42 3.82
Lfageia
oceidetalics
Balatoneg aso
BP 0.1¢ 0.75 8.24
Calopogonium
Cit=1 0.97 G.24 S.74
J3-1 0.29 0.49 $.80
Certrosema
JsS-1 3.5?7 0.59 4,79
gFI-T 46.83 3.99 5.31
3P-T8 6,92 0.71
Crotolaria
NB FC-t 0 d.42 4.01
M- ] D.%1 5.74
WB Fi~i 0 £.42 2.7
Desmod:um
DR-: nd 1.8¢ 2,37
93 nd 6.38 7.06
195 nd 1,08 6.81
15& n ndé 46.88
Porpagqon )
BPI-T 0.37 - 10,30
Cai-tag c.1¢ 0.48 -
Bhasealus
latnyrpaides
1P8 7.28 %.13 5.89
iS58 16.12 0.27 é.24
Puepac:ra
ahasenlatrdes
Yudzy 8P nd 0.18 4,91




Table 3. Oligosaccharide profile of raw mature geeds of
Philippine indigenous forage tegumes.

Sample % Ratfinose 4 Stachyose ¥ Tetal
+ verbascose oligosaccharides

@eciitvnomene 3.04 2,92 7.95
Cassia
nccidentalis 3.78 +,82 9.3¢

Calopogentun

J§-t 3.08 2.94 5,02

M- 2.27 2.02 4,43
Cen*rosema

BPI-T! 6.73 0.97 .78

JS-1 £.73 0,84 1,97

Crotolaria PC-1 L.50 2,04 3.54

Decmodium %3 1,84 2,32 4.16

20-1 0.78 2.79 3.53
Phaseniye

lathyraides 152 t.2e 2.98 4,67

PB 1.27 2.40 3.97

Porpogon 3PI1-T! 1.27 2,1¢ 3.43

Calavan 0.t7 1.02 1,19
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Table 4. Hemagglutinating activity in several Philippine
indigenous forage legumes.

]BC
Forace legumes raboi Bauvine Yuman &  Human ©
Lassia pecideptalas
Batatong ase - ++ - -
Centrosema JS-}) - +is - -
BPI-T - +t4 - -
BPTR + ‘i - -
BF - +4 - -
BM-~1 - 44 - -
Crototaria BM-t - 4+ - -
WB-2C~1 + +++ - -
ME PC-~t 4 “+ - +
Bi+-1 + t4e - -
Js-! + ++4+ - -
Desmad-um 93 + ++ - -
199 - - - -
pa-: - - - -
Bhasealus
latzyrna:des (39 s T+4 - -
1pa - - - -
Forpogen BRI-T + + - -
Ca’'auan + 44 - -
Eupnar:is
phaseglus J&- - - - -
Da-t - - - -
8P - - - -

~

Average of 2 replicatec
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ALKALOIDS IN SEVERAL PHILIPPINE INDIGENOUS FORAGE LEGUMES:
DETERMINATION AND REMOVAL
Felicito M. Rodriguez and Evelyn Mae T. Mendoza
Biochemistry Laboratory, Institute of Plant Breeding

College cf Agriculture, Uinversity of the Philippines
Les Banos, College, Laguna 403!

ABSTRACT

Nin; forage legumes indigenous to the Phiffpplne’ wete
scfeeﬁed tor the presence o5f alkaloids. These are: Aeschynomene,
Cassla occidentalis, Centrosema, Calopogonium, Craotolaria,
Desmodium, Fueraria, Bhaseclus  lathyraides ard  Porpogon,
lmmiture and mature leaves of Centrosema (4 actessions and
Calopogonium (1 accession) had very high levels of alKaloids.
Alkaloids were also detected in the leaves of eeschxnniane and in
seeds and mature ‘ieaves of Crotolaria.

Removal of alkaloids was effected by soaking of mature and

immature leaves for 30 to 40 min at 45 to 40 C.



INTRODUCTION

fmonc the many types of alkaloids, pyrrolizidines, the
quinolizidines, diterpenes, tropanes and sterpidal subclasses
have deleterious effects on livestock (Ewerict, 1974). Alkaloids
of tne pyroolizidine group are strong hepatotoxins and are +ound
in species of Amsinckia, Crototaria, Senrecic. Heliotrapium and
other genera which are common grazing areas (Culvenor, 1973y,
Some of the disorders due to alkaloid toxicity are toxaemic
jaundice, reduced liveweight gain and milk production, *sudden
death* syndrome, "phalaris staggers”, etc (Hegarty, 1981).

This study aimed at screening for the presence of alkaloids
in different parts of several Philippine indigencus legumes
namely: Aeschynomene, Lacsia accidentalis, Centrosema,
Calopogonium, Crotolaria, Desmodium, Pueraria, Phaseolue

lathyroides and Porpcgon.
MATER]IALS AND METHODS

Materials

Seeds 0+ the above mentioned ‘egumes were obtained from the
Nationa! Plant Genetic Resources Laboratory of IPB and grown in
the 1PB experimental farms to obtain fresh sampies,

A1} chemicals used were of analytical grade. Samples of
seeds, ‘eaves and pods were dried at 45 € for 1B hr, ground ang

passed through 40 mesh.
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fnalysis for Alkaloids

Screening for the presence of aikaloids was done according
to Hultin and Torsa!l (1945). Each sample ¢4 g dried materials, 40
mesh) was incubated with 40 mL of methanol overright and then
warmed for 4 hr at 50 C. The mixture was filtered; the residue
was washed with 20 mL of metharol and ¢he combined extracts |
evaporated dn uacun, The residue was suspended in methanol (2
mL) and 12 mbL of 1% HC! added. The mixture was shaken and
filtered: another 8 mL of 1% HCI was used to wash the residue,
The filtrate was made basic with concentrated NH3 and extracted
with three 20 mL of chToro?brm (Fraction @A), The aqueous
solution was rext made half-saturatec 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 anhvdrous sodium
sulfate,

The two extracts were evaporated separately in wacun and 1.0
mL of HET and 1.0 mL of chloroform were added to each with
vigorous shaking, The agueous phase from each was pipetted off,
filtered throuoh cotton and divided into six portions, These
samples were tested with the ‘ollowing alkaloid reagents:
Maver’s, Wagner‘s, Dragendorff’s, Sonnenschien’s silicotungstic,
and Hager’s reagent. The amounts of prec:pitate +Jound were

campared te those resulting frcm caffeine solutions.
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Treatments for Removal of Alkaloids

Two hundred g of dried ground samp'e was mixed with 250 mb
of distilled water. The mixture wac placed in a water path at 30
C 4for 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 (i965),

The process was repeated for the following treatments: 30 C,

40 min; 45 C 39 min: and 45 €, $0 min.

RESULTS AND DISCUSSION

fmong the samplec analyzed, Centrosema had the highest
levels of aikalcids, foullowed by Lalopooonium and then by
Crotolaria (Table 1), For Centrosema and Ca‘opooonium, immature
and mature leaves but not other paris contained alkaloids. In
Lrotnlaria, mature seeds and ieaves had high levels of alkaioids.
Alkaloids were also cetected in immature and mature ‘leaves in
Aeschynomene and fassia nccidepltalis., Species which were
negative for alkalcids were: Desmodium, Pueraria, E. lathyroides,
and Porpogon.

Crotolaria has veen reported to contain hepatoxic
pyrrotizidine alkaloid ana are toxic to both ruminants ana non-
ruminants. However, feeding of “vcung plants of L. Jjuncea te
catt'e in Thailand did not cause narmful effects {Wailapon and

Ponaskul, 19843,
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Detoxification

For immature leaves. removal! of alkaloid was sffected by heat
treatment at 40 C for 40 min Centrosema, and only 30 min at 40 C
was for Aeschvnomere and Calepcgonium,

For mature ieaves, removal cf alkaloicd was completed by
soaking treatment at 40 € for 43 m:n for Certrosema and 60 € and
30 min for Caiopogonium, Ear Aeschynomene and Crotalaria 45 € -
60 min treatment was required.

Tnese treatments are mild and may not affect nitrogen
digestibility and other constituents ef the sample, Decreace in
nitrogen digestibiiity had been chown in forages dried at much

kigher temperature of 180 < :{Goering and Waido, 1979,
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Table 1. Alkalcoid content of the mature seeds, mature and
immature pods and mature and leaves of some indigenous
forage legumes.

Variety Aikaloid Content
mature immature mature immature  mature
seeds pods pods Jeaves leaves
Aeschynomene -1 - - -
. . 2 - - - +
Lass:a
occidentaiic
Balatong aso 9P - - - * -
7 - - - - -
24 - - - ' - -
Centrosema BM-1 - - - +es -+
3PI-T! - - - S+4 ++¢
J5-1 - - - e +4+
BPTH - ngd nd e ++4
Catopogonium JS-1 - - - t4 L4+
BM~: - - - + +
Crotolaria PCI{NB)  +++ - - - +
PCI(WBY 444 - - - 4
BM-1 L4 - - - +
Desmodium DO-! - nd nd -o= -
ba-z - nd nd - -
) - nd nd nd nd
93 - nd nd nd nd
199 - nd - nd nd nd
Pueraria
Kudzu D@-! - nd n¢ - -
$§-1 - nd nd nd nd
BP - nd nd nd nd
Poaseplus
lathyeaiges [P3 - - - - -

158

Porpogon 8P: - - -

a
High positive, ++§ positive, +: negative, -

nd, no! determined.
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Table 2. Alkaloid detoxification of immature leaves of selected
indigenous forage legumes.

Variety Treatment
30 C 45 ¢ 40 €
30 min 60 min 30 m:n &40 mip 30 min &0 min

Aeschynomene
i + + 3 + - -
2 : . - - -

&

Centrosema

BM-1 ++4 +4+ +++ + + -

BPI-T!{ 44 +i4 t4 + +: -

Js-1 444 +3+ * + + -

BPTB +44 ++ + + + -
Calooogonium

JS-1 +a4 4+ + + - -

a
Highlv gositive, <+ positive. +; negative, -,

Table 3. Alkaloid detoxification of mature leaves of some
indigenous forage iegumes.

Variety Treatment
30 C 45 C 40 C
3¢ min 50 min 30 min &0 m:n 20 min 32 min

Aeschyncmene
1 + + + - - -
2 + + - - - -
Centrosema
BM~-1 T4+ +44 + + + -
BRI-T1 tt+ 4+ + + + -
J§-1 ++4 +4+ + - " -
BPT3 +44 +44 + + + -
Calopoagonium
J5-1 ++4 ++4 + + - -
Crotolariz
PC1 INE) + + + - + -
3CL KBy +44 + + - + -
BM-1 + + + - - -

a
High pos:itive, ++i positive, +; negative, -,
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XVIiI
AMINO ACID COMPOSITION, RELATIVE NUTRITIVE VALUE, IN VITRO

PROTEIN DIGESTIBILITY OF SEEDS OF SEVERAL PHILIPPINE INDIGENOUS
FORAGE LEGUMES

Anton:o ., Laurena, Eveiyn Mae T, Mendoza, HMoel Sabino,
Agnes F. Zamora and Felicite M. Rodriguez
Institute of Plant Breeding, College of Agriculture and
Instiivte of &iologicai Sciences, Lollege of Arts and
Sciences, Univers:ty of the Phiiippines Los Sanos
Coilege, Laguna 4031, ©hi lippines, Please adoress
correspondence te ?MTM.
ABSTRACT
Methrcnine was the <irst lim'tino am:ns ac:d, followeg by
leucine, in raw mature seeds of ¢ forage ‘epumes analveed, High
methionine content (32,0%) waz oheerved in cecchvnomene <ce, IPB
13,14, Kudzy ARce. 8P ‘4,54 ang Bhacealus latnyreiodee Acc. Ir2
(Z.84). Very kigh ‘vsine (»10%) wwas also cheerved in & sampieg,
Relative n~utritive wvalue CRMJ) 2 paw mature ceeds ranqed
from 134 (Cenl ssema) and 774 (Crotoiar:2 NB-FC-1), CooXing the
seeds by boiling or roacting increased PNV freom 72 to 95%.

In witro protein digestibility ¢{IUPD) of the raw mature

seeds ranged from 73 to B80Y,

222



INTRODUCTION

The nutritive wvaiue of anima) feed denencs an chemica!l
composition and  the digestibility and nature of dicested
croducte, Queral? pasturesforace cua'ity then depends on
netritive wvalue and intake, the jatter being a‘fected bv the
acceptability Cpalatabititvy, rate o+ paccage, forage
availability per animai per unit time anz environmenta! effects
on the anmimal (Barnes, $%45).

As  part of our study to determine the nutri<ive values of
rine Philipp'ne indigenoys Jegumes. the fcllowing anaivses were
made: amino acid composiiior, relative nutritive valye {RN'/), and
in vitro srotein digestibiltity ¢1JPD3, The praximate comnosition
of these ‘lecumes was rero~ted LEv Radr.cuez and Mendoza 1988,
The legumee stuciec were: aeschynomens. balatore aso :Lassia
ceripentalisy. Ca'opogorium, Cenirosema. Crotoia~‘a. Deemodium,

nidzy (PIJ9P3F13). 2hacanlus latkveaides ang POT‘DOQ’:D-

MATERIALS AND METHODS
Materials
Seeds of irdigencus foraqe iequmes were obtainea from the
Nat:onal Plant Genetrz Fkesearch ctaboratory (NSGRL) of the
Institute of Plant Breeding and planted to obtain “resh materials
of leaves, poads arnd ceeds for analvsis. Tetrabymena pyoitormic
WATEC 10342  was obtained <4rom the MNationai lInstitutes of

Brotechnolcey and Azolied Micrebiology (8IOTECH),
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Preparation of Samples
Leaves, pods and mature seeds were separately dried at 45 C
in a fcrced draft over for 48 hr, Afterwards, they were ground

in a Witley Mill and passed through 40 mesh sieve.

Amino Acid Analysis

Defatted, qrounc sampies ccntaining 6,25 mg opratein were
heateé in o N HCY! under vacuur for 34 A at 110 C. @fter sample
clean wuo. the acid hvdroivsates were eried ynder vacuum and
redissolved in citrate bufier pH 2.2, JThe amine acic  anatvers
was done usirg a Waters HPLEC svetem wrth 2 zaticn excaange rasin
a post column reacticn urit Lsinc ortnoalgenvde ahd Avpochlorite
2s derivatizing reagents and a fiynrescence detector (Millipore=-
Watere 4ssoc, (903,

Fer determination of cysteine and methionine, samples were

subjected to nerformic acid oxidation,

Relative Nutritive Value <RNY)
The RNV  assay zrocedure of Stott et al (1963) with minor

modifications was veed,

In Vitro Protein DigestibilitycIpD)

The rmutierzyme technique of Fsu et 2' for IUSD (1957 mas
foliowed,  The IYFD wac ca‘celated 3TCCrZING 1o the regrecscicn
eouation 7 = 210,444 - 9,103 ¥ where ¥ = INED ) ard ¥ = n¥
of the samole suspension after 10 min digestion with the

muttienrzvime so'ution.

Preparation of Sampies for RNV

Samplec of zeeds were boilec or cooked until cooked,
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RESULTS AND DISCUSSION
Anino Acid Composition

Tabkie 1| cummarizes the am:no acid nattern of the raw mature
seeds of forace lequmec stucied. Ac expected, methionine was the
prevailing first 1limrting amino ac'd with leucire as secord
Vimiting amino acic,

Motabliv, sewerai samples were identified tc have high met
ccntent (» 2,240, nzmely: Aeschynomene IPR  (3,:%), Yudzu BP
(4.5%) . Phaseolus iPS (2.84). Lysine was very high (% tG%> in the
foilowing: Aeschynomene IPB  (1Ll.S4), Calopogonium (:1.5%),
Crototaria PL-IN3 (:d,24), Crotolaria PC-IWB «11.3%), Cassia
(12.74) and Bhaseanlne lathyraiges (10,545,

LVartabiiity in amino acid conten® among accessions was alsod

nbserved (Tabie 11,

Relative Nutritive Values

SNV of the raw sampies ranged $rom !S/4 <Lentrasema BM-1) tc
crctolara NB-! (794 (Table 2i. Crotolarta had *ne highest RMNY
(22 to 79%4). A larce wariation was seen with Centrcsema (15 o
594 .

Cooking the seedz by boiling or roasting :ncreased RNV from
72 to °94. This indicates that some heat 1labile toxic
constituents which could be oretein 'n nature in the seeds were
inactivated or removed by heat 1reatment. The presence of toxins
forages limits animal production from pastures (Heqarty, 1981).
The toxin 1n Lacsia nceidentalis cauces degeneration of skeleta!l

and cardiac muscies but has rot been identified (Yervert et al,
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1983), The nbpresence of heat stable toxins 1ike alkaloids and

sapanins has been reported,

In Vitro Protein Digestibility

iUPD of seed oroteins of the indigenous forage legumes
ranged from 73 to 80% (Table 2), Crotolaria had the highest

lebe!s 178 tc 80%). Centrosema had the lawest leveis (734,
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Table 1. faing acid composition of raw natere seeds of isdigencos forage legemes.

~egute Samsie P;c;s:: :Z?;;nt res e Trom et Ansnghttid (FﬁeaminoLz;id orvg}mnincL:i!d/ Egiesan:;iir iy Al Pro
Sescrvnmere iFE 4.77 1.5 .t 8.2 2.3 3.3 435 118 4.2 3}6 4,5 I.E 3.2 4,5 i.6
Jatopoachigm 93-d .28 1.8 HY g.19 2,5 4.8 3.z 4,4 3.7 2.4 3.2 3.3 4,0 3.8 2.2
caicpogeniu I 3,44 .8 f.2 9.29 ¢.? 2.9 4.0 11,5 4.2 3.3 37 35 3.8 3.2 z2A

Casgia 23 21.08 1.2 i g.10 {.2 3.2 4.5 27 4.0 3.4 9.8 3.5 3.2 4.5 3.4

Zentragema B4-: 22,73 3.14 g7 2.9 5.3 - 7.0 3.4 4.2 5.2 4.0 3.2 7.4
Zeatrosema JS-! i7.72 2,16 .5 4.¢ 7.2 8.2 3.9 4.2 &.2 7.4 4.3 3.5 3.9

lectresens BFT-T 18.45 8.24 6.9 4.5 4.9 3.9 8.1 3¢ 2.1 3.9 S.7 4.4 3

Iratotaria S-IN3 26.78 . 0.12 1.8 2.7 2.6 14.3 2.9 2.8 ¢.0 2.8 3.8 3.4 2.3

{rototarie 2-tiE 28,08 1.2 1.1 8,04 5.2 3.2 4 13 3.3 3.¢ 4.3 2.4 4.2 .3 2.0
Crogtaria F-; 38.8: 1.9 3.9 0.0¢ 8.8 2.7 2,8 8.2 2.9 2.9 3.7 Z.! 3.3 2.1 3.9
feenodicn 2§41 .75 .19 9.9 2.7 3. 2.3 .9 5.2 3.6 2.8 3.4 3.2 1.3
tesazdiwm 73 29.94 0.27 8.8 4.0 5.8 S 4.9 .9 8,5 4,3 4,3 3.1 1.7
Sesaccivm 133 36.97 0.12 1.2 3.4 5.0 6.3 4.6 3.1 2.9 3.4 4. 6.2 2,9

Kugzr 33 .44 1.

4.5 0.32 1.5 2.6 3.8 S 2.4 4.6 32 3.8 2.5 2.5 2

{usze 0@~ 27,43 g.i 0.8 33 - 42 2.t %5 3.8 3.6 Z.9 4.5 4.1 11

]|
~
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Lequze San'e

Fraxinaie content

Anino Acid (4 aning acid or o amino 2ci</100 samsie)

AN 425 Cys®  Met*  Troma Hei The Pre Lys Va? tee Tie Ty Sly ala fro Hie Arg ass Ftu
Yudze J3-1 RERS .12 1.5 3.2 5.3 8.? 3.9 3.5 4,9 5.3 3.5 3.9 2.5 5.2 5.9 9.9 7.3
Pracesizs 158 23,24 0.17 3.9 3,4 2,8 9.C 7.2 3.8 4.8 37 3.6 3.9 8.2 2.4 8.4 9.5 3.8
Prasesius 178 2228 3.9 2.8 .10 1.2 2.9 44 103 5.9 3.8 4.2 2.5 3.5 3.8 4.1 119 9.0 8.2 13,5
Serpagon Sal KERY] 1.3 1. 2.0 4.8 7.6 5.7 8.7 4.6 5.8 4.4 6.0 5.9 2.4 2.9 7.2 4.8 23.:
Sorsegst 371-Ti 23.6¢ 1.3 4.4 5.4 4.8 6.4 4.0 3.7 4.0 .5 3.7 3.0 3.3 7.5 11,6 2.7
Say A-caceinin 55,10 2.5 3.8 4.4 7.7 3.4 8.3 4.9 4.1 1.6 2.9 7.5 2.8 3.7 7.8 2t

*

A=alysis gf Met and Cys Sy gerformic acid cxidation.

b1 4

Araiysis is ccterinairic nethod.

E23
Jiver 430 comoartsan



cwwaveu  matured seeds of  several Philippine
indigenous forage lequmes.

Sampie Relative Nutritive Vajye

Cassia'occidentalis

balatorg aso 3P 55.58 &£ 1,39 80.80+ 3,78 44,78 + 3,34
Calopoaonium
J5-1 . 32,86 £ 1,33 9p.94 2 3,55 2,77 = 1,40
BM=~: 33.41 £ 4,99 74,1 + 1,44 38,26 &£ 5,20
Centresema
grPTe S9.07 £ 2,27 75,09 2 |,77 7,00 + £,85
BM~1 14.93 £ 2,02 82,84 3 3,04 36.26 ¢+ B,2¢
J8-1 29,36 £ 2,42 72,54 & 2,61 95.67 + 2.42
BPy-T! 45,951 2,85 75,28 1+ .97 31.99 + 2,9%
Crotolaria
B~ 39,20 + 2,77 85,40 & 3,57 70,22 + 4,72
NB~PC-1 79.93 1 2,03 89,79 4.08  Bs.7! £ 4.0s
WB-PC~1 31,79 + 4, 82.42 ¢ 5,14 68.90 + 5,90
Desmodium
93 4,40 2 1,47 85,77 & 1,35 59.49 1+ 5,24
195 56,61 & 2,47 93,114 + 2.12 73.29 + 4,87
Buppar:sg
phasealoides
Kudzy BP 41,17 £ 4,44 86.84 ¢+ 1,84 75,24 + 2,74
Js-!¢ 49,36 £ 9,22 95,44 & 2,00 8:.25 + 3,33
Bhasealus lathyrajdec
158 34.84 2 1,29 75,97 + .00 75, . 3.03
1PB 95.87 £ 3,09 73.58 t 2.82 73.77 + 5.24
Paroogon
3P:-T! 20.06 £ 4,84 89,95 t 4,93 74,20 £ 3.25
Cai, tag. 31,14 » 7,32 89,03 t 4,99 72,39 + 6,30
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Table 3. In vitro protein digestibility of raw mature seeds of
several Philippine indigenous forage legumes,

Sample W=D )

ARecschynemene iP5 77.87

Cassia nccidentalis
BP 77,29

Calopogonium

oM-1 73.93

J&-1 73.22
Centrosema

BM-1 73.54

Je-{ 73.00

BPTB 72,93
Croteclaria

SM-1 79.61

NB-PC-1 86,00

WB-Pz~} 78.50
Desmodium

93 78.19

193 78,54

ng-~! 79.54
Preracia nhasenlcides
Kudzu

3p 74,12

Js-1 73.47

Le-t 77.42
Pbasenins lathyrpides

158 76,31

1PB 77.55
Porpogon

BPI-T1 79.84

Cal, caguna 78.4¢

233



XVIIT

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 Bafios
Cotlege, Laguna 403!

ABSTRACT

Partja] results of a survey on‘uses of indigenous leguﬁes in
the Philippines reuea\gd that hyacinth bean (batao) and lima bean
(patanl) had the highest rates of wusage, 784 and 59%;
respectively, followed by rice bean (224), sabawel (fSZ), Jack
bean (11%) sam-samping (11%) and sword bean (4%). '

Mature seeds are primarily ﬁsed for "ginisa* dishes while
immature pods and immature leaves are used as vegetahle in
vegetable dishes like salad, "pinakbet®, "lumpia“, "ginataan” and
as vegetable component of meat dishes such as "sinigaﬁg" and
"nilaga". Hyacinth.bean, lima bedn, Jjack 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 ‘q;s. coﬁdyctgd_ due to lack of written
information on the various uses of the indigenous legumes and the
extent of their utilization in the country, Although this is not
covered by the objectives of the prcject, the information
obtained from such survey can help in planning how research
results can be disseminated and can be made useful to as many
people as possible.

The results presented and discussed herein are stil! partial
but could already reflect how these indigenous Jegumes are
utilized in the country. The legumes covered by this survey are:
jack bean (fanavalia ensifoemis), sword bean (Lapaualia gladiata)
sabawel (Mucupa pruriens oc cochinchinensis), batao (Dolichos
lahlab), sam-samping (Llilaria itecnatea), lima bean (Bhasenlus

lunatus) and rice bean (Vigna umbellata).

METHODOLOGY

Survey forms and photographs of the legumes accompanied by &
short note, (Appendix-A) were given to possible respondents in
the Los Bamos area. The target respondents were 10 individuals
from each of the regions of the Philippines. As of this writing,
only 4é accomp)ished survey forms have  been collected,
Difficulty was met in getting respondents who come from the
Visayas and Mindanao regions. Table 1 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

Extent nf Ulse, Among the 7 legumes, hyacinth bean and 1ima
bean - kad the highest recognition/usage rates o% 7874 and 59%
(Table 1). These are followed by rice bean (22)0), sam-saﬁping
(11%) and last was sword bean (4%), Respondegts from Region |
reported wuse of all seven lequmes included in the survey,
Notably, only respondents from Region 1 reported usage of sam-
samping, So far, jack bean’s usage had been reported only by
respondents from Regions 1, Il 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

thése legumes has to wait until this survey is completed,

Usgs of Legumes, The food uses of the seven Yegumes are
quite'extensiue (Table 2), A common way of preparing the mature
seeds of the legumes seems to be "ginisa¥. 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 tapitan may
also be used as dessert, eg, as component of "halo-hale", Mature
seeds of sabgwel are 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 1ima bean are
used in the most number of dishes. Their wvaried uses also
reflect reqional dish" preferehces. For example, "pinakbet,"
"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 legumec in the study. 0On 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 wvarious products such as substitute meat, $lour,
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 lecumes in the
study, ie, hyacinth bean, rice bean, sabawel and jackbean, are
used as animal feed, Basuel and Valdez <(1989) observed that
sabawel 1leaf meal incorporated in broiler diet at 5 to 10%
resulted in body weight, ogain in weight feed conversion and
return above feed cost which were comparable to control. Higher
levels of 1574 and 20% produced lighter birds. The potential use
of these legumes as animal feed certainly deserves careful

investigation,
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Auailability, UWhereas hyacinth bean, 1lima bean and rice
begn 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 theip piaying minor legumes
to mung bean.

Limitations of Study. Thiz scudy has certain Vimitations.
Firstly, the respondents have probably been residing in or near
Los Baros, 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 provinces in recent years;
and thus, their responses could be based on recent experiments,
Secondly, even if the quota of 10 respondents per region is met,
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 beqn ' bean
1 8 1 i 5 7 3 5 2
11 8 2 9 t 9
111 5 1 1 4 3 i
v 12 l‘- : 10 i é 4
v 5 4 i 5
VI 2 ’VI 2
VIl '
VIl 2 2 1
IX 3 3 1
X
X1 2 2 1 2
X1

46 5 2 5 34 7 27 10
% of
Total ' i1 4 3| 78 15 59 22
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Legume Parts Food Uses
Hracinth bean mature ginisa
Rolichos lablah seeds
(Batao, bulay,
parda, harabilla, immature vegetable dish; vegetable component
Kadyos) pods of sinigang, nilaga, lumpia, pansit,
pinakbet
immature vegyetable component of sinigang,
leaves nitaga, lumpia and other vegetable
dishes
Lima bean immature ginisa; tooked with coconut
Phasenlys lunatuys seeds {ginataan)
(Patani, palaminko, mature boiled; ginisa; vegetable component
betsuelas, of pinakbet: halo-halo
utung, perKules,
pataning dagat)
immature vegetabie dish; vegetable component of
pods sinigang, nilaga, ginataan, pinakbet;
may be added to all typee of dishes as
vegetable
Rice bean mature boited beans; ginisa; component of
Vigna umhellata seeds halo-halo
(Tapilan, munggo)
immature vegetable component of sinigang,
leaves nilaga or tinola
immature vegetable component of sinigang, salad,
pods pansit
Sabawe!l mature ginisa; roasted as coffee
Mucupa prurciens sepqds
oc cochinchinensis
(sabawel, cocoa)
Jack bean mature ginisa
Lanaualia Seeds
epsifprmis
(Pataning espada; immature vegetable component of sinigang, nilaga,
leaves dinengdeng, pinakbet, ginataan
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Legume Parts Food Uses
Sam-samping
Clitoria ternatea
(Sam-samping; mature ginisa; mixed with pinakbet
Kum-Kumpitis; seeds
compe tes?
immature blanched; added to vegetable dishes
leaves
immature added to pinakbet, sinigang, nilaga,
salad, other vegetable dishes
Sword bean
Canavalia gladiata
(Pataning espada) mature
seeds
immature added to sinigang, niltaga, salad
leaves
immature added to ginisa, sinigang
pods

Local names in parenthesis,
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Appendix-A

INSTITUTE OF PLANT BREEDING
CA-UPLB

June 28, 1989

We bhave 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 1look 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.

Than¥ you for your cooperation,

EVELYN MAE T. MENDD2A, PhD
Researcher (Biochemist)

Respondent’s Name :
Affiliation :
Present Address H

Original Home Address:
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B.

Name of Legume:

1.

SURVEY ON USES OF PHILIPPINE INDIGENDUS LEGUMES

Which of the legumes shown in the photographs have yvou used?
Check. " .

-~ a) Jackbean (Canavalia ensiformis)

—— b) Sword bean {(Canavalia gladiata)

——~ €) Sam~samping (Clitoria ternatea)

——- d) Batao (Dalichas lahlah)

‘- @) Sabawel (Mucuna pouciens oo cochinchinensis)

——— ) Lima bean (Rhasepluc lunatus)

—-- @) Rice bean (Uigna umhellata)

If you have encircled one or more of the legumes, Kindly
accomplish this questionnaire for each of them.

What part of the country (provirce) did/do you use this legume
as food?

Where i the legume usually obtained?
~———- Market ____ Backyard ____ Other (specify)

How it is usually called?

What parts of the legume are used for food? ,
_____ Mature seeds; _—.___ Immature leaves; —____ Immature pods

How is the legume cooked?

For seeds boi? ginisa Cas in ainisang mungo)
- roast

For immature leaves _______ blanched
—--———— added to "sinigang® or “niiaga”
______ other {specify )

For immature pods w~—e—ww. Vegetable dish
______ added to "sinigang" or "nilaga"
______ other {specify )

Do you know of other food uses of this iegume? Please describe
briefy,

Do you know of nonfood uses of this legume. Please describe
briefly,

Is this a widely utilized legume in your province? —_________

How does it compare with munabean?
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Appendix-B

Description of dishes/ingredients used in the text
"Bagoong® is fermented fish or small shrimp.

*Sinigang" is basically boiled meat (pork, heef, chicken,
shrimp or milkfish) in a water with tomato and onion. UWhen
the meat is done, vegetables are added followed by fruit
that will make the broth sour. This can be tamarind,
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 cookino method ot sauteeing in oil the
following ingredients: pressed garlic, onion and tomato.
A small amount of sliced meat (pork, beef or chicken) s
added after which the boiled beans, broth and leafy
vegetables are added. A popular variation is the addition
of shrimp and shrimp sauce ta the dish. Pepper and salt
are added to taste.

"Ginataah" is basically sauteed dish to which coconut milk
{“gata") is added.

"Halo-halo" means mixture, refers to a snack food or dessert
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,

"Lumpia" (egqg rol!) is mixture of finely shredded vegetables
sauteed with small bits of meat and wrapped with egg roll
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 bagoona, cver tow 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-G-00-1347-00)

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 40%) are the
major constituents of the mature seeds of 33 samples comprising
seven legume species, Vigna umbellata had the lowest protein
content of 17.42 to 17.56% while Canavalia ensifocmis, Lanaualia
gladiata, Mucuna prupiens or M. Lochinchioepsis and fLlitpeia
tecpatea had similar protein contents of 28 to 30%. Fat content
ranged for 1.2 to 3.7/ Dolitchas lahlah, Phasealus lunatus and
Canavalia gladiata had the largest (5-éX) difference in protein
and carbohydrate contents.

The proximate compositions 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 €F SEVERAL PHILIPPINE INDIGENOUS FOOD
LEGUMES

Antonio C. Laurena, Evelyn Mae T, Mendoza, Noel G. 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, Las Banos, College, Laguna,403}
Philippines. Please address correspondence to EMTM,

ABSTRACT
This study demonstrates variability in amino acid
compositign: among accessions of several Philippine indigenous

legumes.  Moreover, two accessions of-D.. lablab were identified
to have unusually high tevel of methionine ¢} 2) and could be
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possible sources of methionine rich proteins.

The IUPDs of the lequmes under study ranged from > 70 to
79%. Raw mature seeds had relatively low RNVs of 11-68% which
increased to 48.to 94%and S5t to 89% aftér boiling and roasting,
respectively, sugoesting the presence: of heat Jabile toxic
constituents in the raw seeds and their removal/inactivation upon
cooKing.

3. POLYPHENOLS, PHYTATE, CYANOGENIC GLYCOSIDES AND TRYPSIN
INHIBITOR ACTIVITY OF SEVERAL PHILIPPINE INDIGENOUS FOOD
LEGUMES

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

Biochemistry Laboratory, Institute of Plant Breeding,
College of Agriculture; University of the Philippines

Los Baflos, 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 é to
11.é 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 qotentlally toxic levels
of cyanide (<50 ppm) in the seeds, immature and mature 1eaves and
immature pods. The- Tima 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-1) which had
1.45 units/mg. Rice bean also had ltow levels of TlA, 5-7 units/mg.
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4, Dligosaccharides in Several Philippine Indigenous
Food Legumes: Determination, Localization and Removal

MA. JAMELA R. REVILLEZA, EVELYN MAE T. MENDOZA AND
: LEONCIO €. RAYMUNDO

Institute of Plant Breeding and Institute of Food Science
and Technology, College of Agriculture, University of the
Phitippines at Los Bafios, College, Laguna 4031
Philippines, Please address corresnondence to EMTM.

Key words: oligosaccharides, raffinose, stachyose, verbascose,
legumes, 1ima bean (Bhasealus lupatus L.), sword bean (Lanaualia
gladiata (Jacq.) DC.), jack bean (Canavalia ensifarmis ¢L.) bcC.y,
sabawei (Mucuna prcurciens ac cachinchinensis), batao or hyacinth
bean (Dalichas lablah L.) and rice bean (Ligna umbellata
Ohashi.)),

Abstract. The oligosaccharide profile of raw mature seeds of
seven different lequmes 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 (Clitoria terpatea) > Batao
(Dolicbps lablab) > Sabawel (Murupa prurciens) > Lima (Bhaseplus
lupatus) > Swordbean (Lanaualia gladiata) > rice bean (Uigna
umbellata) ) Jack bean (Lanawalia ensiformis), Sam~samping had
4,794 total oligosaccharides and batao, 3.784, A jack bean
accession had 1.79/ oligosaccharides.

Simpte processing methods were tested to detoxify the
oligosaccharides. SoakKing of batac 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 resuited in complete removal of oligosaccharides
whereas germination resuited in about 30-40% d@crease after | and
2 days, respectively.

b
Part of MS thesis of the senior author.
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5. Changes In mlgos'u':chvlﬂdu.. Solubl‘o Sugary, and Hydrol yzable
Polysaccharides in Developing Seeds of Batao
(Dollchas lahlab) and Sabawel (Mucuna prurians oo
cachinchinansis)

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

Biochemistry Laboratory, Institute of Plant Breeding
College of Agriculture, University of the Philippines
at Los Bafios, College, Laguna, Philippines 4031

Keywords: oligosaccharides, raffinose, stachyoﬁe, verbascose,
batac or hyacinth bean (Dnlichos lahlah), sabawe! (Mucuna
pcuslens or cachinchinensis), ontogeny, hydrolyzable poiysaccharides,

Abstract: During . seed maturation of batao and sabawel,
hydrolyzable polysaccharide increased in the cotyledon while it
decreased in the pod wall, 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 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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é. DETERMINATION OF ‘SAPONINS IN PHILIPPINE INDIGENOUS FOOD LEGUMES

Angelo J. M. Lubag; Jr., Felicito'M, Rodriguez, Ana Gina T. Sembrano
and Evelyn Mae T, Mendoza

Biochemistry Laboratory, Institute of Plant Breeding, College of
Agriculture, University of the Philippines Los Banos, 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 1,43%. 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 AND REMOWAL -

Felicito M, Rodriguez and Evelyn Mae T. Mendoza

Institute of Plant Breeding, College of Agricul ture
University of the Philippines Los ‘Bafios .
College, Laguna 4031 Philippines, Please address
correspondence to EMTM. ' o Cove

ABSTRACT

Eight legumes indigenous to the Philippines were screened
for the presence of alkaloids. These are: batao or hyacinth bean
(Delichas lahlah), jack bean (Canavalia ensiformis), sword bean
(L. gladiata), sam-samping (Mucuna pruciens ac cachiochinensis)y,
sabawel <(Llitoria teenatea), pigeon pea (Cajanus cajan), lima
bean (Bhasenlus lunatus) and rice bean ‘Uigna umhellata), High to
very high levels of alkaloids were detected only in mature and
immature leaves of pigeon pea, jack bean and sword bean. SoaKing
the leaves in water at 460 C for 40 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 &0 min
and at 60 C for 30 min partially removed the alkaloids.
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8.:Lecting,in Fhilippine Lndigenou;vEpodﬁngupes.jl. Scregning .

Charlene F, Barroga, Easter T. Villena and
Evelyn Mae T. Mendoza

Blochemistry Laboratery, Institute of Plant Breeding
College of Agricul ture, University of the Philippines at
Los Baffos, College, Laguna 4031, Philippines

Please address correspondence to EMTM.

ABSTRACT |

Several accessions each of seven different legumes were
screened for the presence of hemagalutinins or lectins. Jackbean,
sword  bean and batao nad consistently high levels of
hemagglutininins while lima bean had the least amount. Batao nad
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
(Phaseolus lunatus L.), sword bean (Canaualia gladiata .(Jacq.)
DC.), Jack bean (Canavalia epsifopmis (L.) DC.), sabawel (Hucuna
pouriens oc canchiochinensis), batao or ‘hyacinth bean <{Raolichns
lzhlab L.) and rice bean (Uigna umhellata Ohashi.),

9. Lectins in Philippine Indigenous Food Legumes.
11. 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
hemagglutination and double immunodiffusion (OQuchterlony)
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 anotier accession (A-9) took only 15
min, Cooking by boiling of whole seeds {without seed coat) cut
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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Cooking for 45 min in water ¢ 0.9% NaCl, coconut milk with
water and coconut milk without water resutted in removal of
lectin immunologically  but hemagglutinating activity was
maintained/increased in the second and third media. Autoctaving
and roasting removed lectins as measured immunologically but not
the hemagglutinating activity,

Keywords: sword bean  (Lapawvalia gladiata), lectins,
phytohemagglutinin, hemagglutinin, detoxification, immunodiffusion,
Ouchterlony technigque.

10. Isolation and Characterization of Soluble Proteins from Rice Bean
{Uigna tmhellata (Thumb.) Ohwi Ohashil

MYRNA S. RODRIGUEZ AND EVELYN MAE T. MENDOZA
Institute of Plant Breeding, College of Aariculture
University of the Philippines Los Banos ‘
College, Laguna, Philippines 4031

Please addrecs correspondence to EMTM

ABSTRACT

Giobulins comprise the largest fraction in rice bean seed
proteins and accounted for 54-40Y% of totai proteins, with albumin
(17-26%), prolamin €1.5-1.8%) and qglutelin (3.2 to 4,2%).

When fractionated on Sepharose 48, qlobulins separated into
three peaks with molecular weights of approximately >700,000, for
the first peak. 175,000 and 18,000 for Tapilan 28; 138,000 and
7,000 for Tapitan 44 and 40,000 and 3,000 for Tupilan 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 564,000, 7,800 and 3,400 for Tapilan PROC 1. Both
atbumins 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) ranger for 82-84% for
the seed meal, 86-88.5% for the albumins and 75.9 to 83.3% for
the gtobulins,

)

Part of MS thesis of the senior author.

2

Present address: Institute of Chemistry, College of Arts and
Science, University of the Philippines Los Bafios, Cfollege,
Laguna 4031,



11, CHARACTERIZATION OF SEED PROTEIMS FROM SABAWEL
(MUCUNA BRURIENS) AND SAM-SAMPING (CLITORIA TEBNATFA)

Eureka M. Ocampo, Charlene F. Barroga, Felicito M.
Rodriguez and Evelyn Mae T. Mendoza

Institute of Plant Breeding, College of Agriculture
University of the Philippines Los Baros

College, Laguna 4031, Philippines, Please address
correspondence to EMTM, ‘

ABSTRACT

‘ . Seed proteins of  sabaw?? (Mucuna pcuciens =13
cochliochinensis) and sam-samping tClitacia lecnatea) were
¢ractionated according to solubility. Glooulins were the major
fraction (73-7&4), with albumin and 'glutelin having similar
proportion (8-!12%) and prolamin at .64 only.

Albumins of sabawel consist of proteins of molecular weight
¢mw) from 21,100 to 152,000 and a polypeptide of Jow mw (6,600,
Albumins of sam-samping had iarger mw constituents: 7,700,
26,500, 73,100 and 430,000. Globulins had larger proteins,
37,400 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 anao “haracterization of Seed Proteins
from Sword bean (Canaualia gladiata) and
Jack bean <(Canaualia ensiformis)

Joseph L. Samonte, Antonio C. Laurena and
Evelyn Mae T. Mendoza

Insitute of Plant Breeding, College cf Aariculture
University of the Philippines Les Bafios
College, Laguna, Philipoines 4031

ABSTRACT

Based on solubility, sword bean has 794 globulin, 124
albumin, 6% prolamin and 0.3% glutelin. Jackbean has 66X
glutelin, 14¥% jackbean, 14% prolamin and 0.8% qlutelin,

A major portion of jackbean albumin fractionated into 40-60%
saturated (NH > SO while its globulin fractionated into 40~-40
and 40-80%. Sword bean albumin and globulin fractionated into
60-80% and 40-60 and 40-80%, respectively.
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- The albumin and globulin of both sword bean globulin were
eluted on Biogel ASOm and SP-Sephadex to produce two to three
peaks. These peaks were shown toc be heterogenous by
electrophoresis,

13, PROXIMATE ANALYSES AND IN VITRO DRY MATTER DIGESTIBILITY
OF SEVERAL PHILIPPINE INDIGENOUS FGRAGE LEGUMES

o1

Felicito M. Rodriguez, Eureka M.AOcampo dndx
Evelyn Mae T. Mendoza )

Institute of Plant Breeding, College of Agriculture
Unive: sity of the Philippines Los Bafios i
Colleg., Laguna 4031 PHILIPPINES. Please address
corresp ndefice to EMTM,

ABSTRACT

The proximate compositiocn of the mature anc immature leaves,
mature and immature pods and mature seeds of nine forage legumes
was determined. These iegumes include: Aeschynomene, Cassia
occidentalis, Centrosema, Calopogoniun, Crotolaria, Desmodium,
Pueraria, Rhasealus labyraides and Porpogon.,

In vitro dry matter digestibility {(IYDMD) ranged from 1é to
38 for leaves, and 13 to 38% for pods. Seeds of two samples had
1VDMD of 8 and 21%.

Metabolizable energy (ME) opredicted from crude fiber
contents ranged from 3.60 to 4 9 Kcal/ag for leaves, 3.50 to 4,25
Kcal/g for pods and 3.42 to 4.29 Kcal/g for seeds,.

14. SAPONINS, PHYTATE, POLYPHENOLS, OLIGOSACCHARIDES, LECTINS AND
CYAMDGENIC GLYCOSIDES IN PHILIPPINE INDIGENOUS FORAGE LEGUMES

Evelyn Mae T. Mendoza, Felicito M. Rodriguez, Antonioc C.
Laurena, An2 Sina 7. Sembrano, Ma. Jamela R. Revilieza,
Angeio J.M. Lubaa, Jr. and Charlene F, Barroga

Biochemistry Laboratory, Institute of Plant Breedina
€College of Agriculture, University of the Philippines
Los Banos, College, Laguna 4031
ABSTRACT
Saponins in seeds ranged from 0.24 to 0.92%, highest

Desmodium and Porpogon, A1l samplec were positive to the froth
test except for an accession of Calopogonium.
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Polyphenois were generally low in the nine species analrzed,
both in terms of condensed tannins and flavanols. Only
Centrosema and B. lathyenides had relatively high flavanol
groups (5.57 to 10.12 mg catechin/g).

Most of the samples had high (>3 mg P/g) phytate-phosphorus.
Seeds of Aeschynomene, L. aoccidentalis and Calopogonium  ana
relatively high levels of oligosaccharides (2>54),

Strong hemagatutinating activity towards bovine red blood
cells was observed in seeds of Centrosema (5 accessions)
Crotolaria (5 accessicns) and PBhaseplus lathyeoides (1
accession).

Cyanogenic glucosides were very low or nondetectable in all
samples tested.

15. ALKALOIDS IN SEVERAL PHILIPPINE INDIGENOUS FORAGE LEGUMES:
DETERMINATION AND REMOVAL

Felicito M, Rodriguez and Evelyn Mae T. Mendoza

Biochemistry Laboratory, Institute of Plant Breeding
College of Agriculture, Uinversity of the Philippines
Los Banos, Colilege, Laguna 403}

ABSTRACT

Nine forage legumes indigenous to the Philipoine were
screened <or the presence of alKaloids. These are: Aeschynomene,
Lassia occidentalis, Centrosema, Calopogonium, Crotolaria,
Desmodium, Pueraria, Bhasenlus lathyeoiges and Porpogon.
Immature and mature leaves of Centrosema (4 accessions and
Calopogonium ¢! accession) had very high levels of alkaloids.
AlKaloids were also detected in the leaves of Aeschypomepe and in
seeds and mature leaves of Crotolaria.

Removal of alkaloids was effected by soaking of mature and
immature leaves for 30 to 40 min 2t 45 to &0 C.
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17. AMIND ACID COMPOSITIOM, RELATIVE NUTRITIVE VALUE, IN VITRO
PROTEIN DIGESTIBILITY OF SEEDS OF SEVERAL PHILIPPINE INDIGENOUS

FORAGE LEGUMES

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 Biolegical Sciences, College of Arts and
Sciences, University of the Philippines Los Baffos
College, Laguna 4031, Philippines. Please address
correspondence to EMTM,

ABSTRACT

Methionine was the first limiting amino acid, followed by
leucine, in raw mature seeds of 9 forage legumes analysed. High
methionine content <)>2.0%) was observed in Aeschvnomene Acc. IPB
(3.1%4), Kudzu Acc. BP (4.,54) and Bhasenlus lathyroides Acc. 1PB
(2,84, Very high lysine (710¥) was alsc observed in & samples,

Relative nutritive wvalue (RMV) of raw mature seeds ranged
from 154 (Centrosema) and 77% (Crctolaria NB-PC-1). Cooking the
seeds by boiling or roasting increased RMV from 72 ta 95%.

In vitro protein digestibility (IUPD) of the raw mature
seeds ranged from 73 ‘o 80%.

18, SURVEY ON USES OF SEVEN PHILIPPINE INDIGENOUS LEGUMES:
A PRELIMINARY REPORT

EVELYN MAE T. MENDOZA

Biochemistry Laboratory
Institute of Plant Breeding
College ! Agriculture
University of the Philippines Los Bafos
Cotleage, Laguna 4031

ABSTRACT

Partial results of a survey on uses of indigenaus legumes in
the Philippines revealed that hyacinth bean (batao) and lima bean
(patani) had the highest rates of wucage, 78%4 and 594,
respectively, followed by rice bean (224), sabawel (154), jack
bean ¢(11%) sam-samping (i11%) and sword bean (4%),
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Mature seeds are primarily used for "ginisa" dishes while
sdmmature pods: and immature leaves are wused ‘as -vegetable’ in
vegetabl: dishes like salad, “pinakbet", “lumpia", "ginataan" and
as vege:able component of meat dishes such ac "sinigang" and
nilaga”". Hyacin‘h bean, 1lima bean, jack bean and sabawel were
also noted to be used as animal feed. Sabawel seeds are roasted
and used as substitute for coffee.
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Possible Research Projects Aricing from Philippine
Indigenous Legumes Project

Isolation, characterization and clon'ng of methionine rich
proteins from batao (Dolirhos lablab).

Investigation of the ~ature and practical applications of the
galactomannan, lectins, alkaloids and saponins in selected

Philippine indigenous legumes,

Physiological and nutritional studies of Philippine indigenous

legumes for livestock feed,

Book and article-writing project to disseminate the

information obtained from project.

Coments and Constraints/Problems on Project Implementation

In general, the administration of the project funds by the
local USAID nission was very good. Obtaining and closing
each advances tooK about 4-5 weeks excent for two or three

ocassions,

The procurement of the first order of eauipment, and supplies
worth about $60,000 in 1984 took only 8 months. Connel Ei0s,
u4id a good job in handling the order. It also consolidated
the sending of the many items in oniy 3 shipments,

The second and Yast orger worth $7,000 February 1987
arrived only in March to May 1989, The order consisted of
items that can be obtained from 3 sources which sent the
items separately, Thus, for such a smal) order, so much

difficulty and expenses were met by us in getting them from
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3.

the Custom.

In gédérﬁﬁ the administration of Project funds by the UPLB

Foundation was good.

Delays in experiments and repair o0of instruments were
primarily due to the fact that most of supplies and parts

needed had to be ordered from outside the Philippines.

IPB allowed the full uce 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.



