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S o m e  r e p o r t s  h a v e  b e e n  p u b l i s h e d  in  t h e  l i t e r a t u r e  c o n c e r n i n g  the 
n u t r i t i v e  v a l u e  of l e g u m i n o u s  seeds  a n d  t h e i r  p o t e n t i a l  success  as p r o t e i n  
s u p p l e m e n t  in  h u m a n  n u t r i t i o n  (1, 2, 3, 4). T h e  food  b a l a n c e  shee t  
(1972-1973), g i v e n  b y  the  M i n i s t r y  of A g r i c u l t u r e  g ives  a f igure  of 31.2 g 
fo r  l e g u m e s / C a p u t / d a y .  The  c o u n t r y  a t  p r e s e n t  g r o w s  a v a r i e t y  of l egumes ,  
mos t  of wh ich  a r e  u s u a l l y  e a t e n  b y  those  w h o  canno t  a f ford  mea t .  

A l t h o u g h  l e g u m e s  h a v e  a s s u m e d  an  i m p o r t a n t  ro le  in  t h e  n a t i o n a l  
d i e t a r y ,  t h e y  h a v e  a t  t he  s a m e  t i m e  b e e n  k n o w n  for  a long  t i m e  to con ta in  
a w i d e  v a r i e t y  of  subs tances ,  wh ich  m a y  b e  c o n s i d e r e d  tox ic  to t he  a n i m a l  
body .  

Two  l egumes ,  p igeon  p e a  (Cajanus indicus spreng . )  a n d  k i d n e y  bean  
(Phaseolus vulgaris L.) v a r i e t y  G u i z a  III ,  w e r e  chosen. P h y t o c h e m i c a l  
s tud ies  w e r e  c a r r i e d  ou t  on t h e  two  seeds.  T h e i r  n u t r i t i v e  v a l u e  was  also 
assessed  a n d  t h e  tox ic  f ac to r  or  f ac to r s  w e r e  also e s t ima t e d .  

Experimental 

Materials and methods 

Preparation o5 the samples for analysis 

The raw Cajanus indicus Spreng. and Phaseolus vulgaris L. (Guiza III) seeds 
used in these studies were brought  from the Exper imenta l  s tat ion of the 
Ministry of Agriculture.  2 kg of each sample  were  divided into two portions, 
one half  of i t  was cooked in boil ing wate r  for one hour, while  the other  half 
was kept  raw. Both samples were a i r -d r i ed  and ground, then stored for analysis. 

1. Phytochemtca~ studies 

The dr ied powdered  seeds were separa te ly  subjected to the following tests: 
a -  Test for  glycosides and/or  carbohydrates  according to Gonza~ez and Del- 

gado (5). 
b - Test for cardenolides using Kedd@ reagent  (6), Legal's colour test  (7), Baljet 

colour react ion (8), Ant imony tr ichloride (9), and Raymond colour reaction 
(10). 

c - Test for tannis  as described by  Ain Shoka (11). 
d - Test for flavonoids as described by  Ain Shoka (11). 
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e - Test for saponins as described by Ain Shoka (11). 
f -  Test for unsatura ted sterols and/or tr i terpens according to Liebermann- 

Burchard (12) and to Salkowski  (13). 
g - Test for alkaloids and bases as described by Ain Shoka (11). 
h - Test for oxidase enzyme according to Peach and Tracery (14). 
i - Estimation of t rypsin inhibitor  by the casein digestion method as described 

by Laskowski  and Laskowski  (15). 
J - Determination of haemagglut inat ing activity of seed extracts according to 

the method of Leiner and Hill (16), which is based on the fact that the saline 
extract of the seeds agglutinate the washed rabbit  red blood corpuscles. 

2. Analysis oy the raw seeds 

Proximate analysis and determination of certain pharmacopoeial constants 
of the seeds for moisture, total nitrogen, ethereal extracts, fibre, ash (acid 
insoluble and water soluble ash), and minerals  were carried out following the 
raethods adopted by the A.O.A.C. (1965), and the procedure described in Egyptian 
l~harmacopoeia (1972). 

3. Extraction wi th  successive organic solvents 

For the determination of percentage yield of extractives of each sample of 
dried powdered seeds of Cajanus indicus Spreng. and Phaseolus vulgaris L. 
Samples were successively extracted using solvents in the order of increasing 
Polarity such as petroleum-ether  (50-70 ~ C), diethyl ether, chloroform and 
ethyl alcohol (95%). For each organic solvent, the extraction was continued 
until no residue was obtained on evaporation of a small aliquot of the colourless 
Percolate to dryness in a watch glass. Before using the next  solvent, the marc 
Was taken out of the extractor, carefully spread on a sheet of paper and the 
residual solvent allowed to evaporate at room temperature. This solvent-free 
POwder was replaced in the same dry thimble and extracted with the following 
Solvent in the order mentioned before. 

4. Amino acids estimation (]or raw and cooked materials) 

The amino acid pattern and content of the seeds were determined after being 
hydrolysed with 6NHC1 according to Khans and Berker  (19). Measured amounts 
of the acid hydrolysates were spotted on Whatman 17o. 1 filter paper. Ascending 
Paper chromatography technique was carried out using the buffered method of 
Levy  and Chung (20). Cystine and methionine were oxidised with performic 
acid, then determined according to the method of Jamalian and Pellet (21). The 
Colorimetric method of Blauthi, Charezinski, and Berbec (22) was followed for 
estimation of t ryptophan in the alkali hydrolysates. 

Results and discussion 

Compos i t ion  o 5 seeds  

At the  outset ,  g ene ra l  ana lys i s  for the  d e t e r m i n a t i o n  of mois ture ,  fat, 
crude prote in ,  ca rbohydra te ,  fibre, ash, calcium, phosphorus  and  i ron  
con ten t  of the  seeds were  de te rmined .  Resul ts  are  g iven  in  tab.  1. Both  
Seeds con t a ined  good a m o u n t s  of prote ins ,  calc ium,  phosphorus  and  iron.  

~ x t r a c t i o n  05 pro t e in  
E x t r a c t i o n  of seed p ro t e in  w i th  sod ium hyd r ox i de  gave the  h ighes t  

yield of p ro t e in  n i t r o g e n  as compared  w i t h  o ther  ex t rac tors  (sal ine buffer  
pI-I 7 cold w a t e r  and  hot  w a t e r  as shown  in  tab.  2). These  resul t s  agreed  
With those p r e v i o u s l y  g iven  by  Labarre  a n d  Delecour t  (23) a nd  by  
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Tab. 1. Proximal  analysis of seeds of Cajanus indicus Spreng. and Phaseolus vulgaris L. 
(Guiza I I I ) ,  calculated on dry-weight basis 

~ ~ 1 7 6  

Cajanus indicu~ 
Spreng. 10.55 25.2 1.85 4.12 0.15 4.23 9.59 68.78 170 272 

Phaseolus 
vulgaris L. 
Guiza I I I  11.20 23.2 1.32 3.49 0.14 3.79 4.66 71.99 134 396 

8.9 

8.0~ 

Tab. 2. Influence of solvent on yield and distr ibution of extractable  nitrogen 
from dry  defa t ted  seed meal 

Seed Cold Ho t  Saline Sodium 
water  water  buffer hydroxide 

p H  7 p H  11 

g% g% g% g% 
Ca]anus indicu8 Spreng. 

T.N. 1.770 1.121 3.012 3.125 
N.P.N. 0.485 0.495 0.658 0.516 
P.N. 1.485 0.676 2.354 2.609 

Phaseolus vulgaris L. 
(Guiza I I I )  

T.N. 2.024 1.345 3.221 3.385 
N.P.N. 0.513 0.506 0.704 0.685 
P.N. 1.511 0.839 0.517 2.700 

T.N. ---= to ta l  ni trogen 
N. P.N. = non-protein nitrogen 

P.N.  = protein nitrogen 

Kleminko (24), w h o  f o u n d  t h a t  d i l u t e  a l k a l i  so lu t i on  is t he  be s t  so lve n t  to 
e x t r a c t  c o m p l e t e l y  p r o t e i n  p r e s e n t  in  p l a n t  t i ssues .  

Preliminary phytochemical screening of seeds 

F r o m  tab .  3 i t  can  be  seen  t h a t  t he  seeds  of  Cajanus indicus Spreng .  
a n d  Phaseolus vulgaris L. c o n t a i n  c a r b o h y d r a t e s  a n d / o r  g lycos ides ;  f la-  
vonoids ,  s a p o n i n s  a n d  u n s a t u r a t e d  se ro ls  a n d / o r  t r i t e r p e n e s ,  b u t  do no t  
c o n t a i n  ca rd ino l ides ,  t ann ins ,  a lka lo id s ,  f l avano l s  a n d  f lavonons ,  and  
ox i da se  enzyme .  E x t r a c t s  f rom the  two  seeds  w e r e  also a s s a y e d  for  t r y p s i n  
i n h i b i t o r s  a n d  h a e m a g g l u t i n i n s  ac t iv i t i es .  Cajanus indicus seeds  c o n t a i n e d  
1724 t r y p s i n  i n h i b i t o r  uni t s ,  w h i l e  Phaseolus vulgaris c o n t a i n e d  2000 uni ts .  
Phaseolus vulgaris L. c o n t a i n e d  10 242 un i t s  h a e m a g g l u t i n i n / g .  
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Tab, 3. Preliminary phytoehemieal screening of seeds of Cajanu8 indicus Spreng, 
and Phaeeolua vulgaris L. 

Test Cajanus indicus Plvaseolus vulgaris L. 
Spreng. Guiza I I I  

Carbohydrates and/or glycosides + + 
Cardinolides _ _ 
Tannins _ _ 

lelavonoids + + 
Flavanol + flavonone - -  - -  

Unsaturated sterols and/or triterpenes + + 
Saponins + + 
Alkaloids _ _ 

Oxidaze enzyme - -  

rypsin inhibitors + + 
aemagglutinins -- + 

Percentage of extractives yielded to selective organic solvents and examina- 
tion of the crude extracts 

Tab. 4 shows tha t  the total  ext rac t ives  yielded by  successive ex t rac-  
tions of powdered  seeds of Cajanus indicus Spreng.  are higher  than  those 
of Phaseolus vulgaris L. 

(a) The examina t ion  of the crude ext rac ts  showed tha t  the  pe t ro leum-  
ether (50-70) ext rac ts  of the two seeds consisted of dark  b rown  soft  masses, 
having a greasy  touch. They had  a characterist ic odour and a characteristic 
taste. The two ext rac ts  gave  posit ive results wi th  Liebermann-Burchard 
test (Lembowitch, 12) and Salkowski  test  (Robinson 13), indicating the 
Presence of unsa tura ted  sterols and/or t r i terpenes.  They  gave  negat ive  test  
for carbohydrates ,  cardenolides, saponins and alkaloids. 

(b) The  e thereal  ex t rac t  of each seed was a yellowish brown soft mass. 
I t  has a characterist ic  odour and a bi t ter  taste. The ex t rac t  gave posit ive 
tests for  reducing substances and negat ive  tests for  alkaloids, saponins and 
sterols and/or  t r i terpenes.  

(e) The chloroformic ex t rac t  of each sample  consisted of reddish brown,  
soft resinous mass  having  a characterist ic odour and a slightly bi t ter  taste. 
The ex t rac t  gave posi t ive tests for reducing substances and negat ive  tests 
for alkaloids saponins and sterols and/or t r i terpenes.  

Tab. 4. Percentage of extractivcs yielded to selective organic solvents 

8~)lvents Extraetivos 
Gajanu~ indicus Phazeolu8 vulgaris L. 
Spreng. Guiza I I I  

Petroleum-ether (50-70) 0.95 1.07 
Ether 0.46 0.61 
~hloroform 0.31 0.13 
Ethyl alcohol 12.10 5.20 

Total 13.82 7.01 
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(d) The alcoholic extracts of the two seeds consist of dark brown semi- 
solid masses having a very  characteristic odour and slightly bitter taste. 
They gave positive tests for reducing substances. 

Chromatographic identification of the amino acids 

Tab. 5 shows that  17 amino acids were identified on raw and cooked, 
Cajanus indicus Spreng. and Phaseolus vulgaris L. (Guiza III). Comparing 
our results on Cajanus indicus with the results given by other investigators 
for other varieties, it was seen that the amino acids, Leucine, isoleucine, 
cystine, and methionine were present in amounts lower than those given 
by Orr and Watt  (25), and close to those obtained by Cerrghelli, Busson, 
Toury, and Bergeret (26). Phenyl  alanine, valine and lysine are present in 
amounts similar to those reported by Orr and Watt  (25) and by Cerrghelli 
et al. (26). In case of Phaseolus vulgaris, the t ryptophan content was found 
to be lower than that  obtained on other varieties by Evans and Bandemer 
(27) and by Kakade and Evans (28); at the same time it is higher than those 
values given by Williams (29). The threonine, methionine, phenyl  alanine, 
arginine and histidine content were in agreement  with the data reported 
by Kakade and Evans (28). The leucine + isoleucine, phenyl  alanine and 
histidine content were also similar to the values given by Evans and 
Bandemer (27). Our values for lysine, cystine, phenyl  alanine, valine, and 
histidine show that they are present in amounts lower than that  given by 
Kakade, Arnold, Liener, and Weibel (30). 

It  was found that  cooking the seeds destroyed the trypsin inhibitor and 
the haemagglutinin activity of seeds. Liener (31) in 1962 mentioned that 
trypsin inhibitor and haemagglutinins are heat-labile. Comparing the 

Tab. 5. Amino acids milligram per gram of total nitrogen of raw and cooked seeds 
of Cajanus indicus Spreng. and Phaseolus vulgaris L. 

Seeds Cajanus indicus Spreng. Phaseolus ~ulgarls L. 
Guiza I I I  

Amino acids Raw Cooked Raw Cooked 
mg/g N mg/g N mg/g N mg/g N 

Leucine -}- isoleucine 743 763 792 813 
Phenyl alanino 556 494 338 313 
Valine 302 310 346 350 
Methionino 62 44 62 44 
Tyrosine 156 137 194 167 
Threonine 206 239 264 308 
Cystine 68 62 69 63 
Lysine 436 297 459 313 
Arginine 321 199 352 219 
Histidine 272 261 163 156 
Glycine 213 ] 85 162 140 
Glutamic acid 1165 1144 893 877 
Aspartie acid 587 576 6t~0 667 
Tryptophan 22 23 77 88 
Alanine 256 244 317 302 
Serino 268 263 336 303 
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amino ac id  c o n t e n t s  of t h e  t w o  cooked  seeds  w i t h  those  of r a w  seeds  
(tab. 5), i t  was  f o u n d  t h a t  cook ing  the  seeds  r e s u l t e d  in  s l igh t  losses  of 
most  of t h e  a m i n o  ac ids  s tud ied ,  w i t h  t h e  e x c e p t i o n  of l e uc ine  and  iso-  
leucine,  va l ine ,  t h r e o n i n e ,  a n d  t r y p t o p h a n ,  wh ich  s h o w e d  a s l i gh t  i n c r e a s e  
a f t e r  cooking .  Bandemer  a n d  Evans (32) r e p o r t e d  t h a t  h e a t i n g  the  seeds  
causes s m a l l  loss of mos t  of i t s  a m i n o  acids .  Mykles tad,  Bjoernstad, 
and Lei] (33) s h o w e d  t h a t  mos t  a m i n o  ac id  l eve l s  dec rea se s  as  t he  
t e m p e r a t u r e  inc reases .  Taira Harue (34), d u r i n g  t h e  p r e p a r a t i o n  of soy -  
b e a n - b a s e d  foods,  o b s e r v e d  t h a t  lys ine ,  cys t ine ,  a rg in ine ,  t r y p t o p h a n  a n d  
ser ine  w e r e  p a r t i a l l y  los t  d u r i n g  h e a t i n g .  H e  s t a t e d  t h a t  h e a t i n g  a t  h igh  
t e m p e r a t u r e s  fo r  a long  t i m e  was  mos t  de s t ru c t i ve ,  e s p e c i a l l y  fo r  l y s i n e  
and cys t ine ;  he  a d d e d  t h a t  h e a t i n g  w i t h  w a t e r  d e c r e a s e d  t h e  loss of l y s ine  
and a rg in ine ,  b u t  no t  o t h e r  a m i n o  acids.  N e g a t i v e  r e su l t s  w e r e  g i v e n  b y  
Phadke a n d  Sohonie (35), w h o  r e p o r t e d  an  i n c r e a s e  in  a m o u n t s  of 
t h reon ine ,  h i s t i d ine ,  m e t h i o n i n e  a n d  t r y p t o p h a n  fo r  f a b a  v u l g a r i s  a u t o c l a v e d  
for  f ive minu te s .  Kakade  a n d  Evans (28) r e p o r t e d  a lso  t h a t  c e r t a i n  a m i n o  
acids, m a i n l y  leuc ine ,  i so leuc ine ,  t h r eon ine ,  t r y p h t o p h a n ,  a n d  va l ine ,  i n -  
c reased  a f t e r  a u t o c l a v i n g  Phaseolus vulgaris fo r  f ive m i n u t e s  a t  121 ~ C, 
While a rg in ine ,  lys ine ,  a n d  m e t h i o n i n e  w e r e  d e c r e a s e d  a f t e r  cook ing  the  
beans  for  4 hours .  

Lee a n d  Hannah (36) a t t r i b u t e d  t h e  d e s t r u c t i o n  of a m i n o  ac ids  on 
a u t o c l a v i n g  fo r  4 hours ,  to t h e  i n t e r a c t i o n  b e t w e e n  f r ee  a m i n o  g r o u p s  of 
the  bas ic  a m i n o  ac ids  a n d  r e d u c i n g  c a r b o h y d r a t e s .  

~'u'rg~m a~'y 

1. The p re l iminary  phytochemical  screening of the two seeds establ ished the 
Presence of carbohydra tes  and/or  glycosides, flavonoids, unsa tura ted  sterols 
and/or t r i terpenes,  saponins, t ryps in  inhibi tors  and haemagglutinins.  In  addition, 
it establ ished the absence of cardenolides,  tannins, a lkaloids and oxidase enzyme. 

2. Certain pharmacopoeia l  constants, including moisture,  ash, acid- insoluble  
ash, water -so luble  ash and crude fibre were determined.  

3. The two seeds were  subjected to successive extract ions  wi th  different  
organic solvents such as pe t ro leum ether  (50-70 ~ C), diethyl  ether, chloroform 
and ethyl  alcohol. The successive yields of extract ives  were determined.  
EXamination of the crude ext rac ts  showed tha t  pe t ro leum e ther  ex t rac t  
contained sterols and/or  t r i terpenes,  while  ether, chloroform, and ethyl  alcohol 
extracts contained reducing substances. 

4. General  analysis  of the  two seeds ~or proteins,  fats, carbohydrates ,  fibre 
and ash contents were  carr ied out and the results  were  given in g/100 g d ry  
seeds. Pigeon pea contained 2fi.2 g protein, 170 mg calcium and 8.9 mg iron. The 
Protein content  of k idney bean was 23 g, while  calcium and iron contents were  
134 mg and 8.02 mg respectively.  

5. Extract ions  of the  proteins  using different solvents such as cold water,  hot 
Water, sal ine buffer pH 7 and sodium hydroxide  pH 11 showed tha t  sodium 
hydroxide was  the  best  ext ractant .  

6. The amino-acid  content of the two seeds, whether  raw or cooked, showed 
that  they  were  deficient in methionine,  cystine and t ryptophan.  Other essential  
amino acids were  present  in amounts  higher  than  that  given by the FAO pro-  
Visional pat tern.  

7. Cooking the seeds by the popular  methods used in the  country resul ted in 
an increase in the amounts  of the amino acids, threonine, leucine and isoleucine, 
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w h i l e  t h e  o t h e r  a m i n o  ac ids  p r e s e n t  r e m a i n e d  u n c h a n g e d  o r  dec reased .  I t  was  
also o b s e r v e d  t h a t  cook ing  t h e  seeds  d e s t r o y e d  t h e  t r y p s i n  i n h i b i t o r s  and  
h a e m a g g l u t i n i n s  f o u n d  in  t h e  t w o  seeds.  
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