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Introduction 

The role of broad bean (Vicia faba) as a tradit ional  food i tem in diets of 
our  popula t ion  is well recognized.  It  serves as the major  source of the 
prote in  intake of h u m a n s  at all ages, and is widely accepted  as a c o m m o n  
prote in  source  in Egyp t  especially for the low income groups.  The evalua- 
t ion of the prote in  qual i ty  of b road  bean  received considerable  interest  
(1, 2). 

There  is little informat ion available in the l i terature regarding the 
me thods  for predic t ing the cooking-qual i ty  of b road  bean  varieties g rown  
in Egypt.  

I t  is now recognized  that  the plant  breeder  needs  simple tests that  
might  help h im in his efforts to p roduce  new lines and varieties of b road  
bean, no t  only wi th  acceptable  field and harves t ing  characterist ics bu t  also 
with cooking  and process ing-behaviour  that  needs specific c o n s u m e r  
requirements .  

Good  correlat ion has been  repor ted  be tween  the cooking-qual i ty  of d ry  
peas and  their  con ten t  of phyt ic  acid (3, 4). 

On the other  hand,  s tarch comprises  approximate ly  45 % of dry  b road  
bean,  and  viscosi ty m easu rem en t s  have  been  used to characterize s tarch 
and  s tarch-containing materials. 

Therefore  the phyt ic  acid content  as well as the viscosi ty and  gelatiniza- 
t ion characterist ics along with measu remen t s  of water  absorpt ion  dur ing  
the cooking-process  have  been  used  to accoun t  the  differences in cooking-  
behaviour  of the broad  bean  varieties in this study. Moreover,  the prote in  
contents  and  the amino  acid compos i t ion  of broad  bean  varieties in 
relation to their  cooking-qual i ty  are evaluated in this investigation. 

Experimental 

Source of samples 

Dry broad-bean samples were obtained from 1979 crop of the experimental plots 
of Legume Research Section, Agricultural Research Centre, Giza (Egypt). Moisture 
content of the samples was 9-10 % since more than 13 % moisture deteriorated of 
texture and flavor occurred (5). The varieties tested were Giza 1, Giza 2, Giza 3, Giza 
4, Rebaya 40, Family 402, Family 424, and Hybrid 90/1966172. Part of the samples 
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E1-Saied and El-Farm Abdel-Hamld, Cooking-quality 201 

were hand-cleaned and weighed and their  seed coats were removed by hand and the 
percentage of the seed coat and cotyledon fractions were calculated. Another  part of 
the samples was ground into fine flour and subjected for analysis. 

Gelatinization and viscosity measurements 

The broad-bean flour was subjected for the gelatinization and viscosity measure- 
ments  using Barbender  amylograph according to the official methods (6). For  the 
complete curve, a 19 % slurry was prepared, and the temperature of the suspension 
is raised at a constant rate of 1.5 ~ from temperature  20 ~ to 95 ~ Gelatiniza- 
tion temperature  was estimated with the range of _ 0.5~ and peak viscosity in 
Barbender  Units  (B.U.), which was reproducible to +- 30 B.U. 

Analytical methods 

Total Kjeldahl nitrogen was determined (7) from which protein contents were 
calculated by multiplying using the factor 6.25. Total free amino acids were deter- 
mined by ninhydrin colorimetrie method (8) using Spekol spectrophotometer  for 
the absorbance reading at 570 nm. The phytic acid phosphorus was determined by 
colorimetric method (9) using the same spectrophotometer  for the absorbance 
reading at 480 rim. 

Amino acid content  in dry broad bean varieties of variable cooking-quality were 
determined by hydrolyzing with HC1 6 N (10). The hydrolyzate was evaporated 
under  vacuum till almost dryness, then dissolved in HC1 0.1 N containing 12.5 % 
sucrose and analyzed for amino acid contents with Technicon amino acid analyzer 
(11). The Technicon standard mixture  of 2.25 U mole each of amino acids was used 
in calibrating the 75 cm and 0.62 cm diameter  column. The average reproducibili ty 
of recovery obtained for the 17 amino acids was 100 +- 3 %. Results were expressed 
as g amino acid per 16 g N, which amounts  the same as expressing the results as 
percent of the protein content. 

Cooking-quality 

The softness of the cooked seeds was measured after 20 g seeds had been cooked 
for a standard t ime (8 h) by immersing in 200 ml boiling water in 500 ml  beakers. The 
softness of the cooked seeds was measured by finger-pressing (12) and the soft 
seeds were calculated as percentage of the total seeds. The percentage of the water 
absorption was calculated from the weight  of cooked seeds per the weight  of raw 
seeds (13). The color intensity of the l iquor after cooking in boiling water was 
measured by the same spectrophotometer  at 620 nm (12). The total solids of this 
l iquor was determined by evaporating an aliquot at 105 ~ tiU constant weight. The 
cooking-time was taken as the number  of minutes required for softness of the seeds 
(10 g) after they had been immersed in 60 ml water in 200-ml beakers and autoclav- 
ing at 120~ at which the percentage of the water  absorption was calculated as 
before. 

Resul t s  and d i scuss ion  

Weight  ratio and degree  o f  mi l l ing  

B r o a d  b e a n  Giza  2 h a d  h i g h e r  d e g r e e  of  m i l l i n g  t h a n  o t h e r  va r i e t i e s ,  
w h e r e a s  R e b a y a  40 h a d  t h e  l o w e r  d e g r e e  of  m i l l i ng .  T h i s  w a s  i n d i c a t e d  b y  
t h e  l o w e r  y i e l d  of  s e e d  c o a t  f r a c t i o n  a n d  h i g h e r  c o t y l e d o n  f r a c t i o n  of  G iza  
2 ( tab le  1). I t  w a s  r e p o r t e d  t h a t  t h e  d e c o a t e d  s e e d s  o f  b r o a d  b e a n  c o n t a i n e d  
h i g h e r  p r o t e i n  a n d  a m i n o  ac id  c o n t e n t s  t h a n  t h e  w h o l e  s e e d  (14). T h i s  w a s  
c o n f i r m e d  b y  t h e  f i n d i n g s  of  M a r q u a r d t  e t  al. (15), w h o  s t a t e d  t h a t  l o w  
p r o t e i n  a n d  h i g h  f i b e r  as w e l l  as t a n n i n  c o n t e n t s  w e r e  p r e s e n t  in  t h e  s e e d  
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Table 1. Weight ratio of dry broad-bean varieties. 

Variety Seed Cotyledon Variety Seed Cotyledon 
coat % % coat % % 

Giza 1 14.02 85.98 Rebaya 40 16.69 83.31 
Giza 2 12.50 87.50 Family 402 14.59 85.41 
Giza 3 14.15 85.85 Family 424 15.10 84.90 
Giza 4 14.79 85.21 Hybrid 14.88 85.12 

90/1966/72 

coa t  of b r o a d  bean .  A t h e r m o l a b i l e  g r o w t h  i nh ib i t o r  has  been  i so la ted  
f rom th is  f rac t ion  (16, 17). Consequen t ly ,  the  nu t r i t i ona l  benef i t s  of va r i e ty  
Giza  2 are  h i g h e r  t han  the  o the r  var ie t ies ,  w h e r e a s  t hose  of R e b a y a  40 
va r i e ty  are  the  lower.  Recent ly ,  a d d i t i o n  of the  c o t y l e d o n  f lour  p r o d u c e d  
a c c e p t a b l e  B a l a d y  b r e a d  a n d  i m p r o v e d  its nu t r i t i ve  va lue  (18). 

P h y s i c o c h e m i c a l  m e a s u r e m e n t s  

The  ge la t in iza t ion  and  v i scos i ty  m e a s u r e m e n t  of 8 b r o a d - b e a n  var ie t i es  
a long  w i th  some  chemica l  ana lys i s  are  p r e s e n t e d  in  t ab l e  2. In  general ,  
t he se  va r ie t i e s  i n d i c a t e d  a na r row range  of the i r  ge la t in iza t ion  t e m p e r a -  
tu res  (67.5-70.5~ These  va lues  were  not  co r re l a t ed  wi th  the  p r o t e i n  
con ten t s  of the  s a m e  samples .  These  resu l t s  a re  in  good  a g r e e m e n t  wi th  
o the r  inves t iga to r s  (19, 20), who  r e p o r t e d  t ha t  ge la t in iza t ion  t e m p e r a t u r e s  
we re  no t  s ign i f i can t ly  co r re l a t ed  wi th  p ro t e i n  and  a m y l o s e  con ten t s  of 
m i l l ed  r ice  flour.  Converse ly ,  the  p e a k  v i scos i ty  i n d i c a t e d  a w ide  r ange  
a m o n g  the  t e s t e d  var ie t i es  (160-420 B.U.), w h i c h  we re  gene ra l ly  no t  sig- 
n i f i can t ly  co r r e l a t ed  wi th  p ro t e in  content .  This  r e l a t i onsh ip  h a d  been  
o b s e r v e d  also on  mi l l ed  r ice f lour  w i th  d i f fe ren t  p r o t e i n  con ten t s  (20). 

P r o t e i n  c o n t e n t s  of b r o a d - b e a n  var ie t ies  r a n g e d  f rom 24.42 to 28.61% 
(table  2). These  p r o t e i n  levels  are  of the  s ame  o r d e r  of m a g n i t u d e  as levels  
r e p o r t e d  by  o the r  inves t iga to r s  (1, 14, 21). 

Table 2. Physicochemical measurements of dry broad-bean varieties. 

Variety Protein % Free amino Phytic acid Gelatin- 
(Nx 6.25) acids phosphorus ization 

mg/100 g % temp. (C) 

Peak 
viscos- 
ity (B.U.)") 

Giza 1 25.27 20.0 b) 67.5 220 
Giza 2 24.42 10.0 0.42 67.5 160 
Giza 3 24.77 25.0 0.47 67.5 300 
Giza 4 28.61 68.7 0.53 69.0 260 
Rebaya 40 25.27 16.0 0.89 70.5 420 
Family 402 25.64 12.5 b) 69.0 200 
Family 424 28.61 22.5 0.47 70.5 220 
Hybrid 26.96 16.0 b) 67.5 240 
90/1966/72 

a) Brabender unit 
b) Undetermined 
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T h e  tota l  free amino  acid da ta  indicates  a wide  range  a m o n g  the  t es ted  
var ie t ies  ( f rom 10 to 68.7 mg/100 g sample).  

T h e  phy t i c  acid p h o s p h o r u s  da ta  indicates  a wide  range  a m o n g  the  
t es ted  var ie t ies  f r o m  0.42 to 0.89 %. Less  a m o u n t s  were  found  in Giza 2, 
Giza 3, and  F a m i l y  424 and  m o r e  a m o u n t s  were  found  in R e b a y a  40. 

Cooldng-quali ty  

Cooking-qua l i ty  charac ter i s t ics  of e ight  b r o a d - b e a n  variet ies  are pre-  
sen ted  in tab le  3, 4. Da ta  of t ab le  3 ind ica ted  tha t  af ter  cooking  in boi l ing 
wa te r  for  8 h all the  seeds  of Giza 2 were  soft  and  abso rbed  m o r e  wa te r  as 
wel l  as the i r  l iquid af ter  cook ing  con ta ined  m o r e  a m o u n t  of total  sol ids 
and  m o r e  color  intensi ty .  Less  va lues  of all these  character is t ics  we re  
ob ta ined  for  the  o ther  variet ies ,  and  low va lues  for  R e b a y a  40. Simi lar  
obse rva t ions  were  ob ta ined  af ter  cook ing  by  au toc lav ing  (table 4). The  
cook ing- t ime  for  R e b a y a  40 was  longer  t han  tha t  of o ther  var ie t ies  ( table 4). 
The  total  solids and  the  color  in tens i ty  of the  l iquid after  cooking  
inc reased  as the  cookabi l i ty  was  increased,  wh ich  m i g h t  be  due  to leach- 
ing out  c o m p o n e n t s  f rom the  seeds  dur ing  cook ing  process .  These  resul ts  
are  in good  a g r e e m e n t  wi th  those  of B a t ehe r  et  al. (22), who  repor ted  tha t  
var ia t ions  were  r eco rded  in s tarch  and  total  solids in the  res idual  cooking-  
l iquids  of rice, wh ich  were  a p p a r e n t l y  due  to var ie ta l  factors.  

I t  is a p p a r e n t  that  m a x i m u m  cooking-qua l i ty  is re la ted  to phyt ic  acid 
p h o s p h o r u s  and  seed  coat  contents .  Giza  2 va r ie ty  w i th  the  lowes t  con- 
ten ts  of phy t ic  acid p h o s p h o r u s ,  and  seed  coat  con ten t s  had  excel len t  
cooking-qual i ty ,  whe reas  o the r  var ie t ies  wi th  m o r e  con ten t s  of these  
factors  had  var iable  cooking-qual i ty .  Converse ly ,  R e b a y a  40 var ie ty  wi th  
the  h ighes t  con ten t s  of these  fac tors  had  less cooking-qua l i ty  ( tables 1, 2, 3, 
4). The  resul ts  are subs t an t i a t ed  by  o ther  inves t iga tors  (3, 4), who  found  a 
good  corre la t ion  b e t w e e n  the  cooking-qua l i ty  of d ry  peas  and  their  phy t i c  
acid content .  Moreover ,  F inney  et  al. (18) r epor t ed  tha t  the  seed coats  of 
b r o a d  b e a n  are re la t ively h igh ly  hea t -p roces sed  before  eaten.  The  l ignin 
and  a lphace l lu lose  con ten t s  of seed coats  as wel l  as the  co ty ledon  cell 
walls  s e e m  to be  i m p o r t a n t  p roper t i e s  for the  cooking-qual i ty  of pu lses  
(23). The  cook ing-qua l i ty  was  nega t ive ly  cor re la ted  wi th  the  pro te in  con-  
t en t  and  amino  acid c o m p o s i t i o n  ( tables 2, 3, 4, 6). S imi lar  obse rva t ions  
have  b e e n  r epo r t ed  for the  E g y p t i a n  rice (20), Indica ,  and  J apon i ca  rice 
(13). Muller  (23) s ta ted  tha t  no  indica t ions  have  been  found  for  an  inf luence  
of cell con ten t s  such  as p ro te in  and  s tarch  grains  of pulses  on  the i r  
cooking-qual i ty .  On the  o ther  hand ,  it is c lear  tha t  m a x i m u m  cooking-  
qual i ty  is pos i t ive ly  cor re la ted  wi th  p e a k  viscosi t ies  ( tables 2, 3, 4). Giza 2 
va r ie ty  wi th  the  lowes t  level  of p e a k  v iscos i ty  had  exce l len t  cookabi l i ty ,  
whereas  o ther  var ie t ies  wi th  m o r e  levels of the  p e a k  v iscos i ty  had  var iab le  
cookabi l i ty .  R e b a y a  40 var ie ty  wi th  the  h ighes t  p e a k  viscosi t ies  h a d  less  
cookabil i ty .  

Converse ly ,  cooking-qual i ty  was  no t  s ignif icant ly  cor re la ted  wi th  
gelat inizat ion t e m p e r a t u r e s  ( tables 2, 3, 4). 

T h e  resu l t s  of cooking-qua l i ty  were  assoc ia ted  b y  w a t e r  a b s o r p t i o n  at 
r o o m  t e m p e r a t u r e  (tables 3, 4, 5). The  seeds  of Giza 2, wh ich  gave  exce l len t  
cooking-qual i ty ,  a b s o r b e d  m o r e  quan t i ty  of wa t e r  at r o o m  t e m p e r a t u r e  for  
4 hour s  t han  did  the  o ther  var ie t ies  wi th  excep t ion  of Fami ly  402. R e b a y a  
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Table  5. Pe r cen t age  wate r  absorp t ion  of dry  b road-bean  var ie t ies  at r o o m  tempera -  
ture  for 4 hours .  

Var ie ty  Water  Var ie ty  Water  
absorp t ion  % absorp t ion  % 

Giza 1 55.0 Rebaya  40 41.5 
Giza 2 65.5 Fami ly  402 68.0 
Giza 3 61.5 Fami ly  424 51.5 
Giza 4 44.0 - - 

40, w h i c h  g a v e  m i n i m u m  c o o k i n g - q u a l i t y ,  a b s o r b e d  t h e  l o w e s t  a m o u n t  o f  
w a t e r  u n d e r  t h e  s a m e  c o n d i t i o n s .  M o r e o v e r ,  g o o d  c o r r e l a t i o n  w a s  f o u n d  
b e t w e e n  t h e  w a t e r  a b s o r p t i o n  a t  r o o m  t e m p e r a t u r e  f o r  4 h o u r s  a n d  t h e  
w a t e r  a b s o r p t i o n  d u r i n g  t h e  c o o k i n g - p r o c e s s  ( t a b l e s  3, 4, 5). 

A m i n o  ac id  c o n t e n t  

A m i n o  a c i d  d a t a  f o r  b r o a d - b e a n  v a r i e t i e s  o f  v a r i a b l e  c o o k i n g - q u a l i t y  
i n d i c a t e d  a n a r r o w  r a n g e  w i t h  e x c e p t i o n  o f  a s p a r t i c  a c i d  a n d  g l u t a m i c  a c i d  
( t a b l e  6). T h e  t e s t e d  v a r i e t i e s  c o n t a i n e d  a t  l e a s t  17 a m i n o  a c i d s ,  a n d  t h e  

Table  6. A m i n o  acid  pat terns  for d ry  b road-bean  var ie t ies  of var iab le  cookabi l i ty  as 
c o m p a r e d  w i t h  provis iona l  F A O  a m i n o  ac id  pa t te rns  (g/16 g N). 

A m i n o  acid  
Var ie ty  and its degree  of cookabi l i ty  

Giza 2 Giza 1 Rebaya  40 
( m a x i m u m )  (medium)  (min imum)  

FAO (1957) 
provis ional  
pa t te rn  

Aspar t ic  acid  10.34 11.68 12.90 - 
T h r e o n i n e  a) 4.32 4.16 3.84 3.02 
Ser ine  3.62 3.36 3.84 - 
G lu tamic  acid  13.36 14.56 10.37 - 
Pro l ine  3.84 3.68 3.30 - 
Glyc ine  3.44 3.28 3.20 - 
Alan ine  3.62 3.89 3.10 - 
Val ine  a) 3.94 4.26 3.46 4.54 
Cyst ine  0.50 0.83 0.96 - 
Meth ion ine  a) 0.67 0.64 0.82 2.42 
I so leuc ine  a) 3.02 3.36 2.94 4.54 
Leuc ine  a) 6.50 6.72 6.42 5.15 
Tyros ine  8.04 3.20 3.10 - 
Pheny la l an ine  a) 4.10 4.48 3.46 3.02 
Lys ine  a) 6.42 6.72 6.77 4.54 
T r y p t o p h a n  a) b) b) b) 1.51 
His t id ine  2.11 2.24 2.37 - 
Arg in ine  8.67 8.16 7.41 - 

P ro t e in  % 24.42 25.27 25.27 

a) Essent ia l  a m i n o  acid  
b) No va lue  avai lable  
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p r e d o m i n a n t  a m i n o  a c i d s  w e r e  f o u n d  to  b e  a s p a r t i c  a c i d  a n d  g l u t a m i c  
ac id ,  w h e r e a s  t h e  o t h e r  a m i n o  a c i d s  w e r e  f o u n d  in  v a r i a b l e  a m o u n t s .  
S i m i l a r  o b s e r v a t i o n s  w e r e  s t a t e d  b y  o t h e r  i n v e s t i g a t o r s  (14, 21). R e b a y a  40 
c o n t a i n e d  l o w e r  v a l u e  of  g l u t a m i c  a c i d  t h a n  t h e  o t h e r  t e s t e d  v a r i e t i e s .  
F r o m  t h e  r e s u l t s  s h o w n  in  t a b l e s  2, 3, 4, 6, i t  c o u l d  b e  c o n c l u d e d  t h a t  t h e  
a m i n o  a c i d  p a t t e r n s  w e r e  n e g a t i v e l y  c o r r e l a t e d ,  n o t  o n l y  w i t h  g e l a t i n i z a -  
t i o n  t e m p e r a t u r e s  a n d  p e a k  v i s c o s i t i e s ,  b u t  a l so  w i t h  c o o k a b i l i t y .  

T h e  n u t r i t i o n a l  v a l u e  of  t h e  b r o a d - b e a n  p r o t e i n  g e n e r a l l y  s h o w e d  t h a t  
i t  is  d e f i c i e n t  in  m e t h i o n i n e ,  a n d  i s o l e u c i n e ,  c o m p a r e d  w i t h  t h e  p r o v i -  
s i o n a l  r e f e r e n c e  of  a m i n o  a c i d  p a t t e r n s  of  t h e  F o o d  a n d  A g r i c u l t u r a l  
O r g a n i z a t i o n  of  t h e  U n i t e d  N a t i o n s  (24) ( t ab l e  6). 

C o n c l u s i o n  

T h e r e  is  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  in  l i t e r a t u r e  o n  m e t h o d s  for  p r e -  
d i c t i n g  t h e  c o o k i n g - q u a l i t y  of  b r o a d - b e a n  v a r i e t i e s .  I t  is n o w  r e c o g n i z e d  
t h a t  t h e  p l a n t  b r e e d e r  n e e d s  t e s t s  fo r  t h e  f a c t o r s  to  g u i d e  h i m  in  h i s  e f fo r t s  
to  p r o d u c e  n e w  l i n e s  a n d  v a r i e t i e s  of  b r o a d  b e a n ,  n o t  o n l y  w i t h  a c c e p t a b l e  
f i e ld  a n d  h a r v e s t i n g  c h a r a c t e r i s t i c s  b u t  o n l y  w i t h  c o o k i n g  a n d  p r o c e s s i n g -  
b e h a v i o u r  t h a t  m e e t s  s p e c i f i c  c o n s u m e r  r e q u i r e m e n t s .  I t  c a n  b e  con-  
c l u d e d  f r o m  o u r  s t u d y  t h a t  b r o a d - b e a n  v a r i e t i e s  w i t h  l o w  c o n t e n t  of  p h y t i c  
a c i d  p h o s p h o r u s  a n d  s e e d  c o a t  a l o n g  w i t h  l o w  v a l u e  of  p e a k  v i s c o s i t y  a r e  
c h e m i c a l  a n d  p h y s i c a l  t e s t s ,  w h i c h  a r e  a s s o c i a t e d  w i t h  c e r t a i n  p r e f e r r e d  
c o o k i n g  a n d  p r o c e s s i n g - c h a r a c t e r i s t i c s  s u c h  as  so f t  s e e d s ,  w h i c h  a b s o r b e d  
m o r e  w a t e r  as  w e l l  as  t h e  l i q u i d  a f t e r  c o o k i n g  c o n t a i n e d  m o r e  a m o u n t  of  
t o t a l  s o l i d s  a n d  m o r e  c o l o r  i n t e n s i t y .  M o r e o v e r ,  t h e  w a t e r  a b s o r p t i o n  of  
r a w  s e e d s  w a s  c o r r e l a t e d  to  t h e  w a t e r  a b s o r p t i o n  of  c o o k e d  s e e d s  a s  w e l l  
a s  t h e i r  c o o k a b i l i t y .  

S u m m a r y  

Cooking and processing-characterist ics  of eight Egypt ian dry broad-bean var- 
ieties were s tudied along with some of their  chemical  and physical  tests. Good 
correlation was found between their  cooking-quali ty and their  contents of seed coat 
and phyt ic  acid as well as their  amylograms.  Seeds of Giza 2 variety contained the 
lowest  contents  of seed coat  and  phyt ic  acid phosphorus  and showed the lowest  
peak  viscosity, which were associated with excel lent  cooking and processing- 
characteristics.  The cooked seeds of this variety were soft and absorbed more water  
as well as the l iquid after cooking contained more color intensity. Other tes ted 
variet ies contained more  of these  chemical  and physical  tests,  which were associ- 
ated with variable cooking and processing-characterist ics.  Conversely, Rebaya  40 
variety contained the highest  contents  of these chemical  and physical  tests, which 
were associated with less cooking and processing-characterist ics.  Moreover, the  
water  absorpt ion  of the  raw seeds was correlated to the water  absorpt ion  of cooked 
seeds as well as their  eookabi l i ty  in the tes ted varieties. The cooking-quali ty was not  
significantly correlated with gelatinization temperatures ,  protein content  and 
amino acid composit ion.  The amino acids were de termined quant i ta t ively by  the 
amino acid analyser,  and the predominant  amino acids were found to be aspart ic 
acid and glutamic acid, whereas  the  other  acids were found in variable amounts.  
The nutr i t ional  value of broad-bean protein, generally, showed that  they are defi- 
cient in methionine  and isoleucine, compared  with the provisional  reference of 
amino acid pat tern of the  Food  and Agricul tural  Organization of the United Na- 
tions. 
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