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I. Introduction
In recent vears, worldwide attention has focucsed on tropical
legumes as a possible major source of animal and human food.
Al though the protein contents of lequme seeds are usually high,

from 20 to 40¥%, their nutritive values are low due to the

limiting sulfur amino acids, cysteine and methionine, and the
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presence of anti-nutritional factore——trypsin inhibitors,
hemagalutinine, flatulence factors and *annins. Other toxins may
occur  in  the leaves, podse and ceeds of these leaqumes 1like
cyancgenic glucosides, <caponine, &lkKaloids, non-protein amino
acids likKe mimosine, etc.

This is a comprehensive <study of the btiochemical and
nutritioﬁal qualities of the indigenous food and forzge lequmes
in the Philippines, with focus on the wunderutilized species.
Among the food legumes, the following are being studied: batao,
lima bean, rice bean, Jjack bean, sword bean, sabawel, and sam-
samping; the forage legumes include Aeschynomepe, Centrpsema.,
Caloppoooninm, Creotolarcia, Desmodium, Kudzu, P lathyrcoides and
Porpogon, and a pocssible forage, balatong-aso.

This project consicts of the following studies:

Study 1. Determination of proximate chemical composition,
amino acid composition and levels of trypsin inhibitors,
hemagglutinine, #flatulence factors and tannins in the seeds,
leaves, green pods and mature seeds of different indigenous
legumes. In vitro protein digestibility and relative nutritive
value will also be measured.

Sthdy 2. Investigation of toxic substances such as cyranogenic
glucosides, alkalocids, saponins, etc. in the seeds, leaves, green
pods and mature seeds of the plant. Simple ways of
detox ' fication like heat treatment, leaching and octhers will be
tried.

Study 3. Biochemical, physicochemical and nutritional

characterization of the seed proteins of selected indigenous



legumes,
The§e studies are expected to provide a sound basis for the
utitization of these heretofore relatively unknown and

underutilized legume =zpeciec.

11. Accomplishments

Study 1. Determination of chemical composition, -anti-
nutritional factors and nutritional value.

Chemical Composition

Ecod legumes. Chemical analyses chue in 1986 on food and
forage legumes were onl} to complete the data gathered in thé
first two rears of the project. In general, the protein content
of mature sgeds of food legumes ranged from 17 to 3074,
carbohydrate (nitrogen free extract or NFE) compricsszd from SO0 to
434, About 80/ of the NFE was polysaccharide. Fat ranged from
1.2 to 3.?Z;on1y. Moisture content ranged from 6.8 to 10.2%.

Immature pods of indigenous food legumes héd high moisture
content of 76.5 to 87.6%, 1low fat content (0.85-1.46%) an€  1ow
protein content ¢1.66-3.89%). Carbohydrate content was also a
low at 5.58-15.18%. Mature pods had similar ranges of chemical
consti tuente.

Imhaturo leaves contained high moisture content (7246.8 to
84.117) low fat (1.98 to 3.4654), 1low protein (3.41 to 5.494).
Carbohydrate content comprised of 6.34 to 10.46%. The mature
leaves had lower moisture (40.2 to 81.44) and correspondingly,
clightly higher levels of the other components.

The complete tables will be given in the final report.

Forage legumes. Mature sgeds of indigenous forage legumes

ranged 4.5 to 9.4% moisture, 18.0 to 33Y protein, 2.1 to 174 fat


http:5.58-15.18
http:1.66-3.89
http:0.85-1.46

and 2.4 to S.2¥% ash. Carbohydrates accounted for 32.3 to S8.0%4.

Immature pode of some of the forage legumes had 74.0 to
82.2%4 moisture, 1.2 to 2.14 fat, 2.1 to 9,54 protein, 1.1 to 1.4%
ash, 2.2 to 3.7%4 crude fiber and 9.4 to 15.1% nitrogen—-free
extract. Mature pods had &4.5 to 72.35% moisture and
corresponding' slightly higher leveis of the other -constituents
although of similar ranges as with the immature pods.

Immature leaves had 467.46 to 81,44 moisture, 1.0 to 3.1% fat,
4.5 to 10.41% protein, 1.0 to 2.94 ash, 1.3 to 4.9 fiber and 7.0
to 15.6¥X WFE. Centrosema BPI-T! had the highect level of protein
in immature leaves. Thece protein contents are higher than'those
in immature leaves of food legumes. Mature leaves had slightly
lower moisture content (62.2 to 76.6%) and similar ranges of the
other constituents. Centrosema, balatong aso and Aeschynomene
had high levels of protein (8-10%) in the mature leaves.
énti-nutritional Eactacs.

Only the data for alkaloids and <caponins are presented
herein as data for tannins, phytohemagglutinins, and phytic acid
have bteen precented in the previous reports.

(1) AlKaloids. The mature seeds of all the food 1legumes
testéd had no alkaloids except for sam-samping (Table 1). Mature
and immatuyre pods of food legumes also alkalcids (Table 1),
AlKkaloids were detected in both mature and immature leaves of
Jackbean, pigeon pea and sword bean (Table 1).

In forage legumes, only Lootolaria seeds contained alKaloid
(Table 2). Immature and mature pods also did not contain

alkaloids (Tabkle 25, However, the mature and immature leaves of



most of the forage legumes tected were pocitive for alkaloids,
except‘for balatong aso, and Kudzu (Table 2). Interestingly, the
immature leaves of Crotolacia and P. lathyroides were negative
for alkaloids but their mature leaves were positive for
alkaloids.

(2) Saponine. All  the food and forage legumes analyzed
contained saponins in both pods and seeds, with the-forage group
having relatively higher concentrations than the food legumes
(Table 3 and 4). Saponin concentrations generally increzced as
the pods matured. There seems to be no correlation between tﬁe
saponin concentration determined .by the modified Lieberman-—
Burchard and froth tests.

(2) Dligosaccharides, A detailed study of the ontogeny of
cligosaccharides in developing seeds of batao, cabawel and sam-
samping is being undertakKen. The mature seeds of food legumes
have previously been identified to have .high levels of
oligosaccharides. During the last two weeks of maturity, the
level of total soluble sugars decreacsed in the cotyledon of sam-—
samping and batao and increased in that of sabawel. . To be noted
is the 1low level of reducing sugars (<1.0%) and higher non-
reducing sugars for batao (4%) and sam-samping (3.5%) as compared

to abawel which had 3.54 reducing sugars and 2,54 non-reducing

n

sugars, Non-reducing sugars include sucrose and the
cligosacc! arides,

In Aforage legumes all samplez had significant amounts of
oligosaccharides--raffinose, stachrocse and verbascose. Baced on
the intencity of the bands on the HPTLC chromatograms, the

legumes were found to ‘have decreasing flatus potential ‘as
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follows:
deschyfiomene > Desmodinm > LCrotolacia ¥ P. lathyroides, Kudzu,
LColopogonium > Balatong &=o0 ) Centrosema. Fig. 1 <chows the
al igosaccharide profile of the raw mature seeds of some
indigenous forage legumec.

émino ecid Lomposeition. Data on amino acid composition are

reported under Study 3 in relation with protein quality.

Study 2. Investigation of toxic substances

(1) Cxanagggic.glucasides. In general, very low levels of
cranide considered nonpoisonous (< S0 ug/g or ppm) were observed
in ceveral indigenous legumes tected (Table 5). To check the
accuracy of the method used, <camples of cassava were included in
the analyses.

The anti-nutritional factors wunder study 1 can alszo be
considered toxic, Iif due to excessive amounts, they cause
physiological disorders or even death. So far, saponins,
alkaloids and phytohemagglutinins, and oligosaccharides have been
identified to be high in some of the legumes studied. Thue,
simple methods of detoxifying the legumes of these antj-
nutritional and/or toxic substances are being studied. Results
of these studies wi!'l be reported in the final report,

Study 3. Biochemical, physicochemical and nutritionay
evaluation of seed proteins.
(1) Screening for High Methionine Conternt
From a tota! of 40 legume samples comprising 14 different
cpecies, 7 camples had high methionine contents ranging from 2.2

to 3.2 g met/16 g N (Table &), A Centrosema spp. and Phaseolus



lathyroides had the highest valles of 3,97 which is etill  lower
than the reported met content of Erpeorpis zfricane of S.6% and
Digitariz exilis of &.1%, A1l the 7 camplecs except one
(Dolichps lablab) had leucine as the firet limiting amino acid.
However, thece <camples with high methicnine conténts had
a poor amind acid balance as shown by their chemical scores
(Table 7 ), except for Lentrocema J5-1 and Dolichos lablab which
had chemical scores of 884 and 704, respectively. The value for

the former is even higher than that reported for tamarind of 804

" The 4in wuitro protein digestibility of these legumgs is
generally good (70-80%) and comparable to the values of better -
Known and utilized legumes (Table 7). Their relative nutritive
values (RNV), however, are low (<&04) indicating the precence of
anti-nutritional factors and/or toxins. Again, D. Llablab was

exceptional in having concsistently high (>23%) RNVs.

(2) Characterization of proteins

fAcide from ricebean and balatong aso which had been reported
before, characterization of cam-samping, <abawel, JjacKbean and
swordbean are in progress. Table 8 shows the percentage of
proteins fractionated according to solubility of the 4 legumes.
Sabawel and cam-samping have high globulin-albumin ratios (7.4é
and %.44, respectively) typical of leguminous seeds. However,
Jackbean and swordbean have low globulin-albumin rat}o (1.41 and
0.2, respectively), verifying our previous recsults.

fcide from physicochemical characterization for molecular

weight, sub-units, we are searching for fraction(s) that may have



high methionine conternt. Thus, the xlbumine and globuline have
tzeen  fractionated further based on Ca) solubility at increasing
ammon i um sulfate saturation, (b)Y molecular <ize and (c)
differences in net ionic changes at specific pH. These studies

are now in progress,

I1I. Plan of Study

Based on the accomplishments in 1986 as summarized in Table ¢
the following plan of study for 1987 is proposed.

Study 1. Complete chemical analyses and determination of
nutritional quality. (Determination of relative
nutritive value (RNV) on coaoked seeds).

Study 2. Complete detoxification experiments for the following:
(1) oligosaccharides in ceeds of batao, <cabawel and
sam-samping, (2> phyrtohemagglutinins in seeds of
Jackbean and swordbean, (3) alkaloids in leaves of
Centrosema and (4) saponins in leaves of Jackbean.

Study 3. Complete characterization of proteins of sam-samping,
sabawel, Jackbean and swordbean with focus on

determining fraction(s) with high methionine content.

IV. Awards, Papers presented

Qur paper entitled “Biochemical Assecement of Five
Underutilized Philippine Food Legumes:
by A.C. Laurena, C.F. Barroga, A.G.T. Sembrano, F.M, Rodriguez,
Ma. J.R. Revelliza, E.T. Villena and E.M.T. Mendoza was ad-
Judged best paper in the poster secsion during the Second

Mational Chemistry Congress, Iloilo city, May 29-June 1, 19864,



We aleo presented a papsr in the Poster Sescsion of the Fourth

Federagion of Asian and Oceanian Biochemists (FAOEB) Congrecs
entitled "Screening Philippine Indigenous Leagumes for High

Methionine Content" by Antonic C. Laurena and Evelyn Mae T.

Mendoza.



Table 1, Alkalaeid content of indigenous food legumes.,

! Leaves Pods
Sample Mature seed Immature Mature Inmature  Mature
Batac A-37 - - -
A-45 - < -
A-51 5-2 - - - - -
A-52 5-3 - - - - -
A-57 5-7 - - - - -
S5-14 - - - - -
Jackbean A-t -
A-3 -
A-5 -
A-é -
A-8 -
8-8 - +44 ++4
Limabean A-5S08 - - -
' A-513 -
A-525 -
A-537 - - -
A-538 -
A-941 -
A-544 - - -
A-944 - .
A-535 - - -
Sabawel A-2 - .
A-5 -
A-8 -
Sam-samping 7-2 + .
Swordbean A-3 - ' - -
A-4 - - -
A-5 - - -
A-9 - - -
A-12 - - -
Swordbean 8-4 + ++4
8-¢ +44 ++4
. 8-9 +44 +44
Pigeon pea + ++4
Tapilan 24 -
28 -
44 -

- negative; + present, slight turbidity; ++ definite turbidity}
+++ with precipitation.
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Table 2. Alkaloid content of mature seeds of indigencus forage legumes,

Leaves Pods
Sample » Mature Seed Immature Mature Immature Mature
Aeschynomene 1PB-1 - + + - -
1PB-2 - + + - -
Baatong aso BP - - - - -
7 - - - .- -
24 - - - - -
Centrosema BM-1 - +it +4+
BPI-T1 - +44 ++4
JS-1 - +4+ +44
BPTB -
Cajanus cajan BP-B - + ++4
Coloprogonium JS-1 - +44 +44
BM-1 -
Crotolaria PC-1 ¢NB) ++4 - +
PC~-1 <WB) +44 - +4+4
BM-1 +
Desmodium D@-1 - - -
pe-2 - - -
CT - - -
93 -
195 -
Kudzu D@-1 - - -
JS-1 - ’
BP -
-B. lathyrpnides 1PB - - + - -
158 - - - - -

Porpogon BPI -

= negative; + slight turbidity; ++ definite turbidity; +++ with precipitation.
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Table 3. Saponin contents of raw mature seeds of some of the indigenous
tocd and forage iegumes,

Lieberman-Burchard# Froth tecst
Samples test O
Eopd Legumes
Batao
A-51 4.85 ++
A-52 4.41 +
A-57 +
Jackbean
A-1 3.95 ++
A-3 4.43 ++
A-S 4,05 +
A-4 4.12 +
A-8 2,08 +
8-8 S5.74 +44
Lima bean
A-535 4.95 +
A-537 11.13 +44
A-544 4.93 +id
Sabawel
A-2 4.95 +
A-5 4.95 EYY
A-8
Sam-samping 7-2
Swordbean .
A-4 0.95 +
A-9 4,09 +
A-12 5.05 4
Eorage legumes
Balatong-aso 6.83 +4
Lalopogogium BM-1 11.98 ++
Lalopogonium JS-1 10.85 -
Cealrosema BM-1 16.29 ++
Legairposema JS-1 9.97 +
Cepirosema BPI-TI1 5.95 +44
Ceoiolaria BM-1 15,22 ++
Crotolaria WB PC-1 8.08 +4
frotolacia PC-1 4,12 +
Phacs. lathyroides 1PB 9.18
Phas. lathyroides {58 +44

%~ Computed on the basis of fat free and moisture free samples.
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Table 4, Saponin contents of raw mature and immature pods of the indigenous
food legumes,
Immature Pods Mature Pods
Samples Lieberman-Burchard# Froth Lieberman-Burchard®  Forth
test %) test test O test
Batao
A-15 4.64 +t 6.78 ++
A-35 5.17 ++ 8.94- +
A-37 5.44 + 8.08 +
A-45 8.83 t+4 8.12 +
A-51 8.40 - 11.45 +
A-52 3.58 - 5.17 +
A-57 5.17 + S5.96 +
A-59 5.70 - .
Jackbean
A-3 2.0 + 6.23 ++
A-5 10.08 N.S.
A-4 n.s. NS, .
A-8 n.s. 5.88 +
8-8 n.s. n.s.
Lima bean
A-508 1.45 ++
A-513 3.38 + 2.37
A-517 2,71 ++ 3.19 ++
A-525 1.09 2.09 -.
A-535 5.15 + 4,15 +
A-537 10,98 +
A-538 n.c, 3.68 +
A-541 7.16 8.50
A-544 4,74 ++ 2,79 +
A-54¢ N.S. 4,44 -
Sabawel
A-2 4.11 +t 1.82 +
A-5 6.76 +
A-8 S.88 +
Sam-samping 7-2 3.49 ++ 4,05 ++
Swordbean .
A-4 2.09 ++ .77 +
A-9 0.81 ++ 3.3¢9 44
A-12 11,19 -
8-4 n.s. 8.96 ++
8-4 tt 6.56 t+

% - computed on the basis of fat free and moisture free sumples.

ns, no samples
Other missing data, not determined
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Table 5. Cranide content of scme legumes and cassava.

Samples Cranide, ppm

Immature whole pod

Lima A-557 0.65

Lima A-537° 1.02
Immature Leaves

Jackbean A-5 0

Jackbean 8-8 0

Sabawe! A-2 0.83

Sabawel A-5 0

Lima A-537 9.31

Lima A-544 10.33

Sam-samping 0
Mature Leaves

Jackbean A-5 0.14

Jackbean 8-8 0

Sabawel A-2 0

Sabawel A-5 0

Lima A-537 8.88

Lima A-544 0.83

Sam-samping 0
Immature Seeds

Lima A-537 0.08
Cassava

ppm Cyanide
Immature leaves Mature leaves Parenchyma

Native 169.3 108.0 92,9
Lakan 140.0 101.4 26.8
Datu 182.3 134.4 105.0

14
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Table 7. Protein content and some nutritional quality parameters of raw
mature seeds of high met-containing Philippine food and forage

Yegumes.

Protein (%)

Legume Content 1VPD RNV 4-PER ,Chem.
(.25 x 4 N (4 9] Score
1. Dolichos lahlab 18.52 70.18 80.84 1.94 43 (Met)
A-51
2, Mucuna curanii 29.42 72,44 5.98 1.52 40 (Thr)
Sabawel A-5
3. Aecschynomene 24,77 77.87 86.54 1.55 51 (Leu)
spp. 1PB
4. Lalopngonium 33.28 73.22 ¢.00 -0.73 34 (Leuw)
spp. JS-1
. 9. Centrpsema 19,72 73.00 0.00 2,72 88 (Leu)
spp. JS-1 .
6. B. Lathyrpides 23.24 76,31 53.38 1.73 54 (Leu)
158
Bovine -Casein Sigma 97.07 100.00 2,28
Pure

In parenthesis, limiting

amino acid.

16



Table 8, Protein Fraction of sabawel, sam-samping, Jackbean and swordbean.

Sample Albumin Globulin Prolamin G'utelin Residue
&) 0 D 00 L4
Sabawel A-8 9.78 73.08 0.44 10.47 , 1.é8
Sam-samping 8.00 73.7 0.40 12.48 4.41
7-2 .
Swordbean 48.7 30.41 20.9
Jackbean 35.5 49.9 14.6
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Table 9. cummary of accomplishmente in the analyses of food forage legumes

Analyses Sample parts Food Forage
Lequmes Legumes
1. Proximate mature seeds 100 100%
composition mature leaves

immature leaves
mature pods
immature pods

2, Trypsin inhibitor mature seeds
activity
3. Hemagglutinins mature seeds 100% 1004
4, Dligosaccharides mature seeds 100% 100%
S. Cyanide mature seeds - - 100% 0
leaves
pods
4. Saponins mature seeds 1007 100%
mature pods 100% 100%
immature pods 100% 100%
leaves
7. Alkaloids mature seed 100% 100%
pods ‘ 50% ' 50%
Teaves 40% 40%
8. In vitro Protein mature seeds 1007 100%
digstibility leaves 100%
9. Relative nutritive mature seeds 100% 100%
value (RNV) cooked seeds 0 0
10. Amino acid mature seeds 80% 804

composition
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Fig. 1. Oligosaccharide profile of the raw,
mature seeds of some indigenous
forage legumes.

Legend:
1-Aeschynomene - . @ - highly intense
-2-Crotolaria a-glucose )
3-Phaseolus lathyroides b-sucrose @ - moderately intense
4-Centrosema c-raffinose & - light
5-Kudzu d-stachyose
6~Colopogonium e-verbascose O - faint

7-Balatong aso
8-DPesmodium
9-standards

Decreasing flatus potencial:
Aeschynomene) Desmodium) Crotolaria P. lathyroides,
Kudzu, Colopogonium) Balatong aso. Centrosema
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