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I. Introduction

In recent year:, worldwide attention has focused on tropical
legumes as a possiblle major scurce of animal and human food.
Al though the protein contents of legumes seede are usually high,
from 20 to 40%, their nutritive valuez are low due to the limijit-
ing sulfur amino ac:id=, crzteine and methionine, and the presence
cf anti-nutritianal factorz--trypsin inhibitors, hemagalutinins,

flatulence factorz and tanntnz., QOther tovsins ma, o~cur in the
and :eeds of theze legumes likKe cyanogenic gqgluco-

leaves, pads
cides, SApoOning., alkaltaide, non-protein amino acids like
o

a
mimocine, et
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This project consists of the following studies:

Study 1. Determination of proximate chemical composi tion, amino
acid compositicn and levels pf trypsin inhibitors,
hemagglutinins <Jlatulence factors and tannins in the seeds,
leaves, green pods and mature seeds of.different indigenous
lequmes., In vitro protein digestibility and relative nutri-
tive value will al1zo be measured.

Study 2. Invecstigation of toxic substances such as cranogenic
glucosides, alkaloids, saponine etc. in different parts and
different stagesz of maturity of the plant. Simple ways of
detoxificationn 1ike heat treatment, leaching and others
will be tried.

Study 3. Biochemical, physicochemical and nutritional characteri-

zation of the zeed proteins of some of these indigenous
lequmes,
]
These studies are expected to provide a sound basis for the
utilization of these heretcfore relatively unknown and under-
utilized legume species.

Il. Accomplichments

Collection of samples. The mature seeds obtained from

various sources like the MNational lant Genetic Resources
Laboratory, Yegetablez: and Forxge and Pazture Zections of IPB and
different places in l.aguna, PRBatangas and Quezon have been

planted. Samplez of maturs and immature leavee and pads have been
or being harvested and prepared for varicus analyses.

Study 1., Determination of chemical composition, anti-nutritionxi
factors and matritionz!l walue.

Food Legumes

Cheraical analvses. Table | zummarizes the chemical analvses
of raw mature seed: of several Philippines indigenous food
legumes. Proteins (17-3{%> and polvsaccharides (27-49%) were the
predominant canstituentz. Fat content waz only 1.7-3.5%.

At first, scamplez of leaves from 2,4,% and & month old
plants were collected. The lecaves from 3 and 4 mo old plants were
relatively immature compared to thcoze from S5 and & mo old plants.,
Moisture conteni of leavez ranged from 72-84%, protein from 3.3-
8.07%, +fat +from 0.7-2.0% and crude fiber from 1.8-4.0% (fresh
weiaht basie) (Table Za-d),

Immature pods of lima, swordbean and jacKbean contained
about 84-90X moizturs, 0.4-1.1% fat, 1.3-2.4% protein and 0.4-
1.1% ash. Mature podz of lima and swordbean had 62.6-71.8%
moisture, 2.0-2.8% fat, 3.1-4.6% protein and 1.$-8.5% ach.

Anti-nutritional factore, relative nutritive value (RNY) ard
in vitro protein digestibility (IUPD). Table 3 summarizes results
obtained for raw mature ceeds of indigenous food legumes. Rice
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bean exhibited tow TIA (5,0-7.0 units/mg) and tannin content
(1.32-18.2%4 catechin eq) =and high RNV (123-132%) and IUPD
(74%).Batac also had high RNV (78-113%> and IVUPD (727, low
tannin  (0.9-1.24 catechin eq) but relatively high TIA (24-44
units/mg). Sam-samping and swordbean had very low RNV (40-34.0
which indicate the prezence of toxic factor(s) in these legumes .,

TIA of immature green pods had relatively low TIA ranging
from 3-17 units/mg compared to 24-44 units/mg in mature seeds.

IVPD of leaves from 1 to & mo old plante rangzd from 74-80%
(Table 45,

The raw mature seeds of all the accessions of jackbean and
swordbean were found to be highly pasitive for hemagglutinins
(Table S», Sabawel, bzatao and wild 1ima were also positive for
hemagglutinins and tha rezt, negative,

The analvsis for oligusaccharides which account for the
flatulence in legumes: has been ctarted by cptimizing conditions
for their analysis by gas liquid chromatography.

n

Ferage Legumes

Chemical asnalrsesz. Raw mature seeds of several indigenous
forage lngumr~ had 4.o .00 moisture, 5.4-12,5/ fat, 18,5-33.3%
protein and 2.4-4.3% ash, with Colopogonium having the higheet
protein content T:

le s, Immature leaves contained 64-81Y%

moisture, 1.0-3.8% fat, 5,3-10.4% protein, 1.3-2.0% ash, with
Centrosema and C. occi dwnt iz having the highezt protein levels,
Mature leaves had ¢0-3% moisture, 1.5-7.32% fat, 5.2-10,3%

protein, 1.38-3.4% ash and 1.9-17.7% crude fiber. Centrosema and
P. lathrroidez had the highest protein levels (¢8.8-10.34).
Colopogonium had high crude fiber. .

. The immature pods of 3 species had 794-82% moisture, 1.2~1.7%4
fat, 2.1-4.94 pratein and 1.2~1.44 ach. Mature pods had S51-63%
moisture, 1.4-3.8% fat, 4.5-4.%4 proteir, 1.2-2.5% azh and £.4-
12.2% crude fiter.

_'! N

Study 2, Inveszstigation of toxic substances.

Total hydrocrsnic acid (HCH) potent al was determined using
an enzymatic method to hydrolvze the cvancgenic glucosides and
subsequent trapping of the releaszed c,yaide in alkxli which is
then measured colorimetricalls, Using ' aricus preparations of
enzyme (A-D) from the zamplez being anxlyzed, the total HCN
(bound and free) was found to be Tow (<50 mg/Kg or ppm) in all
samples (Table 7)., The Tevel of tourxicibs haz been arbitrarily
defined by Bolhuiz ({¥%d4) as: <%0 mg HCM kg, harmless; S0-100 mg
HCMN/Kg, moderatsly daxic; and >100 ma HCHA¥a, highly toxic or
poisonous.
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AlKaloids were bpresent in immature snd mature Jeaves of
Centrosema and Colopogonium, and in mature leaves of Crotolaria
and P. lathyroides. Among food legumes. sworcdbean and jackbean
mature leaves contained alkaloids (Table 8).

Study 2. Binchemica), physicochemical and nutritional evaluation
of seed proteins.

In addition tc Vigna umbe'lata (rice bean), the following
species will be subjected to this study: swordbean, .Jackbean,
sam-samping, sabawel and balatong aso. Preliminary fractionation
experiments showed that the albumins were the major protein
fraction in swordbean, Jackbean and balatong aso, in contrast to
the general observation that qlobulins are the major protein
fraction in legumes.. The fractionation of the proteins is being
repeated in the labcratory; characterizatioa-studies on isclated
proteins are underway. )

111, Plar of Activities

Table 9 summari.zes the accomp'ishmertz in 19284 and on this
basis, the following zztivities are olanned for 1985 :

Study {. a) Proximate chazmical araiyses of both food ang forage
lequmes will he completed,

b) Determination of arnti-nutritional factors in forage
leoumes wil! e cdone and on focod ‘equmes completed.

c) RMY and IVPD of fcrage izqumes will be started,

d) Studv on tre +'aiulence factors (oligoszccharides will be
continued.

) Amirno acia analysiz using the HPLC fcr amino acid analy-
sis just acquired through the arant will be started,

Study 2. ay Det=rminaticn of cyanogenic glucosides will be

completed.
b) Determination of saponine, alkKaloids and phytic acid will

be continuved.
c) Detoxification studies will be started.

Studr 3. Isolation and characterization of seed proteins of
swordbean, Jjackbean, sabawel, sam-samping and balatong aso will
be cortinued. )

iV. QOthers

The eaquioment, chemicals anc other laboratory supplies
requested arrived in November 1984 and are now being used for the
project.
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Table t. Proximale Malys.is of rae mature seeds of sevecal Philippane indigencus Tegunes,

Holsture  Protein Fat Starch Total Crude Ash
Swpie () (A d2%) ) () Sugars fiber %)
. » ) (%)
Batao (19) §,5-8.4 195234 1.68-2.22 30.9-42,8  3.51-5.0¢ 412,28 4.24-¢.38
Sidaae) (2) 7.7-8.4  29,3-28.2 2.25-2.50  28.4-28.% 2,13-0.42  4.32-7.25 4.48-4.¢9
Swe-sanping (1) 4.2 30.¢ 2,20 38.4 8.72 10,40 s.41

Sord'bran (3) 0,207 24.7-31.4 22024 34395 2.7-8.72 3.2.6-8.74 41349
Jack bun (1) 8.4 8.7 .3 3.3 2.68 3.2¢ 3.90

Tapitan (D) 8.9-9.3  12.0-17.4  2.23-0,5 48.6-49.2  4.40-8.20  S.41-4.90 4.33-4,55

,

Except for noisture, all other results e expressed on dry weight dasis,

Table 20, Proximate amaisses of 1eaves fron 3 no old plants of Phitippine indigenous
food leguaes,

Suple Hoisture Fat Protein  Crude Ash CHO
) ) () fibee € () )
Bitio (0 N.5600 L2048  S4-4,0  2.4-2.9 2,0-2.2  8,0-9.4
Jackbean (2) 0 1319 34407 2,034 4.0-4.4  9,1-8.3
Sibauel (1) 1.0 1.4 X 3.4 22 10.1
Swn-viping (1) 73.0 1.8 4.9 1.9 2.8 11,2

Suordbean (4) 73790 1204 3.3-4.2 3539 2443 0.0-14.4

Huber in parentheses refers to nuaber of accessions analyzed,

Table 2b, Prozimate analyses of leaves fron 4 no old phnt; of
Philippine indigenous food legunes,

Sanple _~ Hoisture Fat Protein  Crude Ash CHO
() ) 4 Afiber (2) (%) (%)
Batao (4 WA 09410 Sd-60 2,209 L2-2.0  2,0-10.0
Jackbean (1) 5.8 N LB 34 2 na
Sabaael (D) 12.4-25.9 1.3 4928 L1400 2.0-00 10,3124
Sa-sanping (1) 0.7 0.7 5.4 32 ' 2.0 11

Suordbean (3) NABLS 0900 4.4-4.4 12230 2233 1d-0.

......................................................................................

Nunber in parentheses refers to nuwber of accessions analyzed.
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Table 2c. Leaves from 5 mo plants of Philipping indigenous food legumcs,

Sasple Holsture at Protetn Crude Ash cuo

() () (2) (iber (1) () )
Batao (&)@ 80.6-82.9 1.0-1.4 5.0-85.4 2.1-3.2 1.4-1.8 1.5~ 8,0
Jackbean (1) 81.1 1.1 4.0 2.6 2.8 1.1
Sahavel (2) 75.1-81.6 1.3-1,5 5.6-6.7 2,3-2,8 1.6-2.3 1.4-11,7
San-samping (1) 84,5 . 0.9 4,7 1.8 1.4 6.7
Svordbsan (3 79.5-02, - -4 )
(3) 3-82,) 1.0-1.4  3,6-4.6 2,7-3.) 1.7-2|6 8.7- 8.9

*Nuaber in parcntheses refers to number of accessions analyred,

Table 2d. Leaves from 6 mo old plante of Philippine indigenous food leguavs.

Sample Hdll!ul:l Fat | Protetn Crude Ash cho
(1) (<) (1) fiber (X) (1) 1)
Batao (4)8 80.3-83,6 104-2,7 4.3-5,0 2,1-2.6 1.4-1,9 7.0-6.0
Jackbean (1) 80.4 2.7 4.9 2,) 2.4 1.4
Sabavel (2) +15.8-78.) 2,1-2,8 3.9-6.4 3.9-3.6 1.7-1.9 8.0-9.8
Sam-samping (1) 80.) 2.9 3.7 3.1 1.6 6.4
Swordbuan 78.8-61.2 2,7-3.0 &.6-5,) 3.0-3.) 2.0-2.3% 3.7-6.7

“Nuaber n porentheses refcrs to tumber of accessions anslyzed,

Table 3, Trypsin fnhibitor activity, tennin content, in vitro digestibility and relstive nutricive
value of rav mature seeds of some Philippine fndigenous lcgumes (dry veight basis).

Saople No, of culti~ Trypsin tnhibitor? Tonnin Contant In Vitro Relative

vars tested © activity (T1A) (Expressed as Digestibilytyc Nutritive

i (unite/mg sample) X catechin)b (1) Value? (2)
Batao b 26,2-4).6 0.90-1,22 11.19-72.7¢ 78.3-113.)
Sebavel} 2 16,5-19.8 3.77-8,01 68.71-70,50 39.3- 20.0
Sam-samping 1 xpe 8,29 76.19 3).t
Sword bean 2 5.8-6,5 4,08-5,00 71,38-71.98 39.6- 49,2
Jack bean ) 1 1.9 . 1.17 7. 6%.7
Tapilan (Rice besn) b 5.0-2.0 ©1.53-1,82 23.48-74,3C 126.5-132,0

'Accordln; to the method of Kakade et al. (197%),
According to the method of Price et al, (1978),
According to the method of Hsu et al. (1977),
According to the method of Landers (1973).

*xot Deterained, .

b
4
d



Table i, In vitro protein digeatibility (IVPD) (X) of leaves from
developing plants of several Philippine indigenous food legumes®,

In vitro sratein diqeatibilicy (X)

Sample Age of pinnt ’mo)
1 2 3 4 5 6

D. lablab 5-2 74.88 76.25 78,00 76,18 76.37 77.33
5-3 75.94 77.18 77.96 76.11 76,49 nd
5-7 75,217 74.93 79.94 75.62 78,48 78,40
5-14 76,36 75.14 74,58 78,30 78,61 74,88

Sabovel 6-1 77.49 80.29 78.19 75.7.. 79.82 76,18
6-2 76,43 76.38 76,24 77.05 80.67 77,14

Swordbean 8-4 n.d. 74,33 76,81 76,38 17,42 74,10
8-6 n.d. 74,40 74,06 77.33 17.74 75.48
8-9 n.d, 77.81 74.66 77.89 77.11 76,37

Jackbcan 8-8 n.d, 75.39 76.29 73.% 76.38 74.02

Sam-

samping 7-2 n.d. 76.74 75.50 71.59 n.d. 76,91

"Measured According to the method of Hsu et al, (1977).

n.d,, not determined.

Table 5. llemagglutinin activity in rav mature secds of levernl‘
Fhilippine indigenous food and forage legumes.

Sample RRC
Rabbit Bovine

Food Legumes

Juck bean  B-6 ++ ++
8-3 + ++
44 + +
45 ++ ++
Sword bean 8-4 + +
8-9 ++ ++
Saubawel 6-1 + +
6-2 + +
Batao 5-7 + +
Wild )ima + +
V. umbellata 28 - -
Sam-gamping - -
Foroge Legumen
Balatong Aso - -
Centroscma ++ +
Porpogen ++ ++
Crotelaria -+ ++
Phancolus lcthyroides - -
Calopogoniun - -
Madre Cacao + +
Legend:

+ - mild/emall degree of agglutination

++ = large amounts of apgplutinated RBC - clrarly
virible an clumps,

- negative reaction

O



Table 6, Proximute analysis of ruaw mature sceds of several
Philippine forage legumes,

Sample Hofsture Fat Protetn Ash

() (%) (3 Nx6,25) ()
Aeschynomene (1) 9.1 11.9 24,8 3.6
Centroscea (1) 4.8-6.) 5.4~ 2,2 18.5-22.7 2.4-2,9
Colopogonfum (2) 4.54,7 10,7-12.5 30,4-31.3 3.9-4.3
Crotolarfa (3) 4ob-6.4 6.6- 7.8 28.1-30.8 3.3-3.7
P, lathyroides (2) 6.5-8,7 5.7- 6.3 22.5-23,2 3.3-3.4
C. occidentalis (3) 5.9-6.5 2,0- 2,9 17,9-21.4 3.8-1.9

Table 7. Total HCH potential of some IFhilippine indigenous legumes,

Sample HCND, mg/kp

Trials A [} [3 b
Batal, dry secds 15 42 kk]

green pods 13 25 0.6

grven seeds 0 18 32
Sabawel, dry sceds 24 0 44

green sceds 20 6 13

green pods 19 44 2]

Sword bean, green pods 2 0.6 12

Brevn sveds 21 o 0

dry sceds 22

Tapilan 23
Jack bean, dry secds 46
Sum~samping - 20
Balatong Aso 33

aAnalyzrd according to the method of Reay and Conn (1970) and
eodified (or this experiment.

In trials A-D, different €nzyme preparations from the sumples
tested were used,



Table 8, Parcial results of tests for the presvuce of alkaloids
in scveral Philippine indigencus food and forage legumes,

Saaple Imnature lcaves Mature leaves

v H D [}] H v H D [} H
Torage Legumza
Balstong Aso Ay - - - - - - - - - -
Balstong Aso A4 - - - - - - - - - -
Balatong Aso BP - - - - - - - - - -
Centroscaa JS-} +3 +2 +2 +3 +1 +3 +1 +1 +3 +1
Colopogoniua JS-1 +2 +1 +1 +2 +1 +2 +2 +1 +3 +1
Crotoluria - - - - +3 +2 +2 +3 +1
P. Lathyroidcs 1PD - - - - +1 - - +1 -
Food Legumes
Butao 5-2 - - - - -
Batao 3-3 - - - - -
Batuo -7 - - - - -
Batao 3-14 - - - - -
Cajanus cajan +1 +1 +1 +2 -
Jack bean 8-8 R +2 +2 +2 +) +2
Sam-samping 7-2 ! - - - - -
Swordbean 8-4 +2 +1 +1 +2 +1
Swordbean 8-6 43 +2 +2 +3 ‘4]
Swordbean B8-9 +2 +2 +2 +2 +1

Legand: =~ not cturbid; +1 turbid; +2 tighly turbid;

Turbidity and precipitation {ndicate prese
V-Valser; H-Mayer; D- Dragendorff;

reagenta for testing for alkeloids.

(1963 ),

43 with p}uclpllntlun
nce of alkaloids,
W-Hagner; H-Hager; thess are

Reference: Hultin and Torsell

Table 9. Summary of sccomplishment in the anulyses in food and

foragu legumcs.

Analysus Sample Food Porage
Parcs® | Legunas Leguecw
1. Trypsin Inhibitor mature seeds 952 902
activity lcsves oz 0
2, Tenuin content mature sceduj 952
(vaniliin und
protein pre-
cipitation
mathod)
"3, Hemagglutining nature sueds 90% 0
Oligosaccharidus mature sveds 10% 0
4, Cyanide Bature weeds; 902
loavus 80%
poda 50%
3. Suponins mature seeds 0 0
podu
leavca
6. Cenaral test for mature scuds Jo2 502
alkaloids pods 201 302
leaves 0z Joz
1. Phytic acid mature soede 102 0
pods
lsaves
8. a) In vitro protetn sature sceds 95% 0
digestibiliey leaves 5% 0
b) 1n vitro rumen
digestibtlicy 0 0
9. relative nutritive mature swed 952 0
10, sutno acid composition mature seeds F14 0
11. proximate composition nature seeds
lcaves 952 952
pods

“Ihe concentration of the diffurent anti-nutritiionsl factors will

te detvrmined in varfous plant parte.



