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B r o a d  b e a n  is c o n s i d e r e d  to b e  t h e  m o s t  i m p o r t a n t  a n d  a b u n d a n t  
source  of  d i e t a r y  p r o t e i n  fo r  t he  m a j o r i t y  of p e o p l e  in  E g y p t .  I n  r e c e n t  
y e a r s  some  e v i d e n c e  has  b e e n  g a t h e r e d  t h a t  g e r m i n a t i o n  i m p r o v e s  t h e  
n u t r i t i v e  v a l u e  of beans  (1, 2). D u r i n g  g e r m i n a t i o n  t h e  d i a s t i t i c  a n d  
p r o t e o l y t i c  b r e a k  d o w n  f a i r l y  e l a b o r a t e  w h i c h  r e su l t s  in  t he  f o r m a t i o n  
of  r e a d i l y  a s s i m i l a b l e  d i e t  w h e n  e a t e n  as  h u m a n  food.  I n  add i t ion ,  
g e r m i n a t i o n  e l i m i n a t e s  t ox i c  f ac to r s  w h i c h  m a y  be  p r e s e n t  in  t he  e d i b l e  
b e a n s  (1, 2). 

S tud i e s  on g e r m i n a t e d  ce rea l s  and  l e g u m e s  p o i n t e d  to m a r k e d  changes  
in  t h e i r  n u t r i e n t s  (3, 4, 5, 6). T h e s e  changes  d e p e n d  u p o n  t h e  d u r a t i o n  of 
s o a k i n g  and  the  t ime  of g e r m i n a t i o n .  P r o t e i n s  s h o w e d  a n  e x t e n s i v e  
b r e a k d o w n  a c c o m p a n i e d  b y  i n t e r - c o n v e r s i o n  and  u t i l i z a t i o n  of a m i n o  ac ids  
in  the  p r o d u c t i o n  of n e w  n i t r o g e n  c o m p o u n d s  (7). 

Some  w o r k e r s  h a v e  d e m o n s t r a t e d  t h a t  a c o m p l i c a t e d  se r ies  of changes  
o c c u r r e d  in  t he  c a r b o h y d r a t e  con ten t s  of pu l s e s  d u r i n g  g e r m i n a t i o n  (4), 
some of t he  s t a rch  b e i n g  c o n v e r t e d  to sucrose ,  g lucose  a n d  f r u c t o s e  in t he  
e a r l i e r  s tages ,  w h i l e  l a t e r  i n c r e a s i n g  q u a n t i t i e s  of m a l t o s e  a p p e a r  b y  
a p p a r e n t  i n c r e a s e  in  t he  r e d u c i n g  s u g a r s  a n d  d e x t r i n s .  

The  e x p e r i m e n t a l  w o r k  in  th i s  s t u d y  a i m e d  to d e t e r m i n e  t h e  changes  
in  t h e  c a r b o h y d r a t e ,  p r o t e i n  a n d  a m i n o  ac id  con ten t s  of  b r o a d  b e a n  seeds  
due  to g e r m i n a t i o n .  

Experimental 
Sampling: 1 kg of the broad bean seeds (Vicia faba), Giza 1 var ie ty  was 

obtained from the P lan t  Breeding Department ,  Minis t ry  of Agricul ture .  
Germination procedure: Germinat ion was carr ied  out by soaking the beans 

in tap water  (1 kg beans in 4 1 of water)  a t  room tempera tu re  (25 ~ C), for 
4 days. Water  was changed every 24 hours. At  the  end of the germinat ion 
process, the beans were dr ied in an oven provided with  fan at  50 ~ C, then ground 
into a fine powder  for analysis.  

Methods of analysis: Samples were  analysed for mois ture  and ni trogen 
contents following the s tandard  methods (A.O.A.C., 1960) (8). Reducing sugars 
were  de termined by  the Somogi method (9). 

Determination of total sugars and starch contents: Total sugars were ex-  
t rac ted  with  alcohol 80% (10). Extrac t ion  was repea ted  three  t imes and the 
combined alcoholic extracts  were evapora ted  under  vacuum and the remaining 
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cloudy aqueous fraction was diluted with distilled water to a known volume. 
The remaining mater ial  which was extracted with alcohol, was treated by the 
addition of perchloric acid solution 529/% and the supernatant  liquid was 
diluted with water then adjusted to known volume. Determination of sugars and 
starch was carried of out according to the colorimetric method of Cleeg (10). 

Determination oS amino acids: Samples were hydrolysed with 6 N HC1 for 
22 hours at 110 ~ C, according to Khan and Baker method (11). The HC1 hy-  
drolysate was evaporated off under  vacuum to dryness and the residue was 
dissolved in 10% isopropyl alcohol (V/V) to a certain volume. Portions were 
spotted on Whatman No. 1 filter paper and two dimensional ascending 
chromatograms were prepared using the buffered method of Levy and Chung 
(12). After development with n inhydr ine  reagent, the located amino acids were 
eluted and the concentration of each individual  amino acid was determined 
colorimetrically at 510 m#. Cystine and methionine were determined in the 
hydrolysate after performic oxidation (13). 

Determination o5 tota~ free amino acids: Twenty  grams of the germinated 
beans were extracted with successive amounts  of 5 % (W/V) potassium sulphate 
solution, 0.02 N sodium hydroxide and hot 70 9/0 (V/V) ethanol (7). The free amino 
acids in the extract were determined by the method of Lee and Takahashi (14). 

Resu l t s  and d i scuss ion  

The effect of g e r m i n a t i o n  on c a r b o h y d r a t e  con ten t s  of the  b r oa d  beans  
is p re sen ted  in  t ab le  1. 

Table 1. Effect of germination of carbohydrate components of the Egyptian broad 
beans (on dry wt. basis) 

Carbohydrate % Raw beans Germinated beans 

Reducing sugars 6.10 6.75 
Non-reducing sugars 1.76 2.90 
Total sugars 7.86 9.65 
Starch 37.80 30.95 
Total carbohydrate 45.66 41.80 

A compar i son  b e t w e e n  the  c a r b o h y d r a t e  con ten t s  of the  r a w  be a ns  and  
the  g e r m i n a t e d  beans  ind ica tes  tha t  to ta l  sugars ,  r e d u c i n g  sugars  a nd  the  
n o n - r e d u c i n g  sugars  we re  inc reased  b y  g e r m i n a t i o n .  This  increase  can  be 
exp l a ined  by  the  ac t ion  of a~ and  f l -amylases  which  deve loped  d u r i n g  
ge rmina t i on .  Some of the  s ta rch  be ing  conve r t ed  in to  sugars  ( table 1), 
its va lue  was  m a r k e d l y  decreased f rom 37.8 0/o in  the r a w  beans  to 30.9 % 
in  the  g e r m i n a t e d  ones. This  decrease  was  p a r t l y  due  to r e sp i r a t i on  a nd  
p a r t l y  t h rough  the  f o r m a t i o n  of so luble  ca rbohydra tes .  I n  f a v o u r  of such 
e x p l a n a t i o n  is t ha t  g iven  by  Jorgenson (15) who showed  tha t  ~-glucosidase  
ac t iv i ty  was  h ighe r  i n  the  g e r m i n a t e d  b a r l e y  t h a n  in  the  u n g e r m i n a t e d  
one. 

P r o t e i n  con ten t  of the  r aw  beans  was  s l igh t ly  decreased f rom 28.1 ~ 
to 26.7 % in  the  g e r m i n a t e d  beans  ( table 2). This  decrease  is the  resu l t  
a r i s ing  f rom the  b r e a k d o w n  of p ro t e ins  by  pro teo ly t ic  ac t ion  of enzymes  
which leads to an  a p p a r e n t  increase  in  so luble  a mi no  acids. 
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Table 2. Effect of germination process on proteins, amino acids and ~-free amino 
acids of the Egyptian broad beans (on dry wt. basis) 

Amino acid Raw beans Germinated beans 
mg/g nitrogen mg/g nitrogen 

Cystine 50 54 
Methionine 41 45 
Tryptophan 65 66 
Arginine 347 374 
Lysine 351 436 
Phenylalanine 273 290 
Leucine + isoleucine 779 775 
Valine 336 328 
Tyrosine 245 300 
Alanine 221 289 
Threonine 237 289 
Glycine 326 415 
Serine 331 397 
Glutamic acid 1026 1125 
Aspartic acid 530 545 

% of total protein 28.1 26.7 

Total free amino acids 72 290 
(mg/100 g) 

Acid hydro lysa tes  of pro te in  revea led  the  presence  of the same amino 
acids in both of r aw  and ge rmina ted  beans,  tab le  2. I t  is ev ident  tha t  
ge rmina t ion  leads to a not iceable  increase  in the concentra t ion  of amino 
acids. This increase  is ma in ly  due to the pro teoly t ic  act ion of enzymes 
which b reak  down the complex pro te in  molecules into s impler  units  
of amino acids. Differences were  observed in the  amounts  of g lutamic  acid, 
lysine, threonine,  tyrosine,  alanine,  serine, g lyc ine  and pheny la lan ine  
which were  h igh ly  increased by  germinat ion.  They were  presen t  in la rge  
propor t ion  of to ta l  amino acid contents.  The su lphur  conta ining amino 
acids, cyst ine and methionine,  were  s l igh t ly  increased.  Other  amino acids 
did not  change cons iderab ly  in the i r  amounts  dur ing  germinat ion .  This 
may  reflect a ba lance  be tween  synthe t ic  and degrada t ion  processes. The 
s implest  exp lana t ion  is tha t  they  are  l ibe ra ted  f rom reserve  pro te ins  and 
ut i l ized more  or less unchanged (7). I t  is be l ieved tha t  dur ing  ge rmina t ion  
the newly  formed prote ins  differ in the i r  amino acid contents.  

In  general ,  the in teres t ing  fea tu re  of the  germina t ion  process is the 
format ion  of r ead i ly  ass imilable  diet  rich in most  of the  essent ia l  amino 
acids r equ i red  for the  human  nutr i t ion.  

Summary 

Broad bean seeds were germinated for 4 days and the changes occurred 
in carbohydrate, protein and amino acids of germinated seeds were studied. 
Proteins showed slight reduction in their content, while variations were observed 
in the amounts of amino acids. The germination process leads to an increase in 
most of the essential amino acids needed for human consumption. Starch 
content was decreased accompanied by an apparent increase in both of reducing 
and non-reducing sugars. 
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