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Feasibility of Saudi wheat flour enriched with cottonseed 
flour for bread making 

M. I. EI -Shaarawy and A. S. Mesa l lam 

D e p a r t m e n t  o f  F o o d  Sci .  a n d  T e c h n o l .  C o l l e g e  o f  Agr ic . ,  K i n g  F a i s a l  
U n i v e r s i t y ,  S a u d i  A r a b i a  

Summary: Three samples of edible grade cottonseed flour (cosfl were util ized 
each in 5 %, 10 % and 15 % mixtures  with Saudi wheat  flour for bread making. 

Addi t ion of co sf increased water absorpt ion of the dough. Times of dough mixing, 
s tabi l i ty  and break-down were slightly increased at the low addit ion level, but  
adversely  shortened at the higher levels, where mixing tolerance was doubled or 
tr ipled.  Up to 5 %-10 % of cosf could be tolerated without  deleterious effect on 
dough propert ies  or bread quality, depending on the source of the addit ive and 
method  of  preparation.  An increase of 25 %-50 % in protein content  of bread was 
expected.  

Zusammenfassung: Baumwollsaatmehl  (eBbare Qualitfit) wurde in Antei len yon 
5, 10 und 15 % einem saudiarabischen Weizenmehl zur Brotbere i tung zugemischt.  
Dies fflhrte zu einem Anstieg der Wasserbindung des Teiges. Die Zeiten zur 
Teigbereitung,  die Teigstabilitfit und das AbreiBverhalten wurden mit  niedrigen 
Zusatzmengen geringftigig erh6ht; die h6heren Zusatzmengen hat ten umgekehr te  
Wirkung. Ein Zusatz von 5-10 % Baumwollsaatmehl  konnte  bezfiglich Teigeigen- 
schaften und Brotqualitfit  toleriert  werden; die Qualit~t des zugesetzten Produktes  
war al lerdings maBgebend. Auf  diese Weise konnte  eine Erh6hung des Proteinge- 
haltes der  Brote um 25-50 % erreicht  werden. 
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In troduc t ion  

C o t t o n s e e d  f o r m s  t h e  m o s t  i m p o r t a n t  i n e d i b l e  o i l s e e d  p r o d u c e d  in  A r a b  
c o u n t r i e s  (1), y e t  i t  is n o t  w e l l  e x p l o i t e d ,  d u e  to  i t s  i n h e r e n t  t o x i c i t y .  
V a r i o u s  m e t h o d s  h a v e  b e e n  p r e s e n t e d  to  o v e r c o m e  t h e  l y s i n e  a n d  g o s s y -  
p o l  p r o b l e m s  (2). N e t  e d i b l e  c o t t o n s e e d  p r o t e i n  p o t e n t i a l l y  p r o d u c e d  in  
a r a b  c o u n t r i e s  h a s  b e e n  e s t i m a t e d  to  r a i s e  p r o t e i n  i n t a k e  o f  t h e  p o o r e r  
s e c t o r s  o f  t h e  A r a b  p o p u l a t i o n  m o r e  t h a n  50 % (3). 

E d i b l e  g r a d e  c o t t o n s e e d  f lou r  (cosf) has  s u c c e s s f u l l y  b e e n  u s e d  in  a h o s t  
o f  f o o d  p r o d u c t s  i n c l u d i n g  c e r e a l  f lours ,  n o o d l e s ,  b r e a k f a s t  c e r ea l s ,  sau-  
s ages ,  c h e e s e  a n d  b a b y  f o o d s  (4, 5, 6). B r e a d ,  b e i n g  w i d e l y  c o n s u m e d ,  
f o r m s  a g o o d  m e d i u m  for  e n r i c h m e n t .  A d d i t i o n  o f  c o s f  in  b r e a d - m a k i n g  
e n h a n c e s  b o t h  p r o t e i n  c o n t e n t  a n d  p r o t e i n  q u a l i t y  (7) t h e r e f o r e  w i d e l y  
s t u d i e d  (8-13). T h i s  p r o d u c t  is p e r m i t t e d  as  a f o o d  a d d i t i v e  w i t h o u t  l i m i t a -  
t i o n s  (14). 
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S a u d i  A r a b i a  w a s  d e c l a r e d  s e l f - su f f i c i en t  in  w h e a t  p r o d u c t i o n  (15), a n d  
r e c e n t l y  a r e s u l t i n g  s u r p l u s  has  b e e n  d o n a t e d  to  n e e d y  c o u n t r i e s  t h a t  
h a p p e n  to b e  c o t t o n  p r o d u c e r s .  I n t e g r a t i o n  w o u l d  t h e r e f o r e  b e  o f  e c o n o -  
m i c  a n d  n u t r i t i o n a l  va lue .  Th i s  i n v e s t i g a t i o n  s t u d i e s  r h e o l o g i c a l  b e h a v i o u r  
o f  d o u g h s  o f  S a u d i  w h e a t  f lour  m i x e d  w i t h  d i f f e r e n t  t y p e s  o f  c o s f  a n d  
p r o p e r t i e s  o f  b r e a d  b a k e d  t h e r e f r o m .  

M a t e r i a l s  and  M e t h o d s  

Materials 

Wheat flour of 75 % extraction (Saudi Mills Co. Dammam) was obtained from a 
local market.  

Two food grades of cottonseed flour (cosD samples  were obtained from the 
Ministry of Agriculture,  U.S.A. One (AAC) was prepared by the air classification 
method,  whereas the other (ALC) by the liquid cyclone process (16). A third sample 
(ILC) was provided by the Regional Research Lab, Hyderabad,  India, and produced 
by the LCP (17). 

Sugar, salt, yeast, glycerol monostearate and ascorbic acid were also used for 
bread  making.  

Methods 

Moisture, crude protein, fat, fibre and ash content  were determined,  as given in 
approved  methods  of the AACC (18). 

Mixing propert ies  of the dough were determined in tr ipl icate in a Far inograph 
(Brabender,  Duisburg;  West Germany) by the AACC method (18). 

Bread was prepared and baked as described earlier (19). All  ingredients,  including 
cot tonseed flour in 5 %, 10 % and 15 % were well mixed with Saudi  wheat  flour in 
the  Far inograph  mixer  where the amount  of water  to be added  was also predeter-  
mined.  Dough was left to ferment at 32 ~ in a Fermentor  (Natl. Mfg. Co. Lincoln, 
Nebr.) for 15 min, moulded in Al-moulds, then replaced in a fermenter  to prove for 
45 min, then baked  at 218 ~ Specific loaf volume was computed  from loaf weight 
(g) and loaf volume (ml) (19). Each result was an average determinat ion of three 
loaves. 

Organoleptie  quality was assessed at two levels: firstly a panel  of 15 members  
evaluated appearance,  flavour and texture on a scale of nine points for each. 
Secondly,  volume, colour, grain, symmetry,  texture, break and shred were evalu- 
ated on a cent igrade basis (19). 

R e s u l t s  and  D i s c u s s i o n  

A n a l y s i s  o f  c o s f  s a m p l e s  (Tab l e  1) s h o w s  t h a t  A m e r i c a n  cosfs ,  A A C  a n d  
A L C ,  e n j o y  a m u c h  h i g h e r  p r o t e i n  a n d  f i b e r  c o n t e n t ,  b u t  a s i g n i f i c a n t l y  
l o w e r  c o n t e n t  o f  m o i s t u r e  a n d  oil ,  p r o p e r t i e s  w h i c h  w o u l d  i n d i c a t e  b e t t e r  
n u t r i t i v e  v a l u e  a n d  k e e p i n g  qua l i t i e s .  A d d i t i o n  o f  10 % c o s f  w o u l d  t h u s  
r a i s e  p r o t e i n  c o n t e n t  o f  t h e  r e s u l t i n g  b r e a d  b y  a p p r o x i m a t e l y  1.5 t i m e s .  

T h e  h i g h e r  p r o t e i n  a n d  m u c h  l o w e r  a s h  c o n t e n t  o f  A L C  c o m p a r e d  to  
A A C  f l o u r  m u s t  b e  in f a v o u r  o f  t h e  fo rmer .  A n a l y t i c a l  d i f f e r e n c e  b e t w e e n  
t h e  t h r e e  s a m p l e s  a t t r i b u t e d  to  p r e p a r a t i o n  t e c h n i q u e  is e v i d e n t l y  s m a l l e r  
t h a n  t h a t  d u e  to  s e e d  d e r i v a t i o n  a n d  va r i e ty .  

M i x i n g  p r o p e r t i e s  o f  w h e a t - c o s f  m i x t u r e s  a r e  s h o w n  in T a b l e  2. C o t t o n -  
s e e d  f l o u r  t h u s  i n c r e a s e s  w a t e r  a b s o r p t i o n  o f  t h e  d o u g h .  T h i s  c o i n c i d e s  
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Table 1. Approximate  analysis of cot tonseed flours. 

Const i tuent  AAC ALC ILC 

Moisture 4.2 2.6 6.7 
Crude protein 63.8 66.2 49.1 
Crude fat 1.6 0.6 7.4 
Ash 10.2 7.5 7.6 
Crude fibres 2.3 2.2 1.3 
Carbohydrates  (by difference) 17.9 20.9 17.9 

w i t h  e a r l i e r  f i n d i n g s  (11, 13). T h e  i n c r e a s e  is h i g h e r  for  t h e  L C  f l ou r s  t h a n  
fo r  t h e  A C  p r o d u c t ,  a n d  for  I L C  t h a n  A L C .  T h e r e f o r e ,  i t  is  n o t  t h e  
d i f f e r e n c e  in  p r o t e i n  c o n t e n t  t h a t  c a u s e s  t h e  d i f f e r e n c e  in  w a t e r  a b s o r p -  
t i on ,  b u t  r a t h e r  t h e  d i f f e r e n c e  in  t h e  h i g h l y  a b s o r b e n t  c a r b o h y d r a t e s  a n d  
in  s a l t s  (19). 

O t h e r  m i x i n g  p r o p e r t i e s  w e r e  a f f e c t e d  m a i n l y  b y  t h e  l eve l  o f  c o s f  
a d d i t i o n .  T h u s  a t  5 % t h e  m i x i n g  t o l e r a n c e  i n d e x  o f  t h e  d o u g h  w a s  n o t  
a f f e c t e d .  T i m e s  o f  m i x i n g ,  s t a b i l i t y  a n d  b r e a k d o w n  w e r e  e i t h e r  u n a f f e c t e d  
( s a m p l e  ILC)  o r  s l i g h t l y  i n c r e a s e d  ( s a m p l e s  A A C  a n d  ALC) .  T h e  h i g h e r  
l e v e l s  o f  c o s f  a d v e r s e l y  s h o r t e n e d  t h e s e  t i m e s  a n d  d o u b l e d  o r  t r i p l e d  t h e  
m i x i n g  t o l e r a n c e  i n d i c e s ,  i n t e n s i t y  o f  t h e  e f fec t  d e p e n d i n g  on  t h e  t y p e  o f  
f lour .  T h u s  I L C  f lou r  s h o w s  t h e  s t r o n g e s t ,  f o l l o w e d  b y  t h e  A A C  p r o d u c t .  
O n c e  aga in ,  t h e  i n f l u e n c e  o f  s e e d  v a r i e t y  a n d  d e r i v a t i o n  s e e m s  to b e  
s t r o n g e r  t h a n  t h a t  o f  p r e p a r a t i o n  t e c h n i q u e .  I t  is  w e l l  k n o w n  t h a t  g l u t e n  is 
t h e  m o s t  i m p o r t a n t  f a c t o r  i n f l u e n c i n g  d o u g h  m i x i n g  p r o p e r t i e s .  N o n -  
g l u t e n  p r o t e i n  a d m i x t u r e  w o u l d  t h e r e f o r e  w e a k e n  t h e s e  p r o p e r t i e s .  H o w -  
eve r ,  t h i s  a p p e a r s  n o t  to  b e  t h e  so le  fac tor ,  s i n c e  t h e  e f f ec t  o f  t h e  l o w e r  
p r o t e i n  I L C  f l o u r  is  s t r o n g e r  t h a n  t h e  r i c h e r  A m e r i c a n  t y p e s .  

Table  2. Effect of cot tonseed flour on mixing  propert ies  of Saudi  wheat  flour dough. 

Sample  % Water Mixing Stabil i ty Mixing Break- 
cosf absorpt ion t ime t ime tolerance down 
added  index t ime 

% SD Min SD Min SD B.U. SD Min SD 

Control  0 69.1 0.1 11.0 0.1 23.5 0.1 30.0 0.0 27.5 0.1 

5 69.5 0.1 12.0 0.1 26.0 0.2 30.0 0.1 28.0 0.1 
AAC 10 70.4 0.0 8.5 0.2 15.3 0.2 60.0 0.1 23.5 0.1 

15 73.0 0.1 7.0 0.2 8.5 0.2 85.0 0.2 13.5 0.1 

5 69.7 0.1 12.5 0.2 27.5 0.1 30.0 0.1 29.5 0.1 
ALC 10 71.4 0.1 9.0 0.1 16.0 0.1 60.0 0.1 23.5 0.1 

15 73.2 0.1 7.5 0.1 9.3 0.1 80.0 0.1 16.5 0.1 

5 70.2 0.1 11.0 0.2 23.0 0.1 30.0 0.1 27.0 0.1 
ILC 10 72.0 0.1 8.0 0.2 14.5 0.1 65.0 0.1 20.0 0.1 

15 75.1 0.1 6.3 0.2 6.5 0.1 95.0 0.1 12.8 0.1 

SD: S tandard  deviation of three determinat ions 
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Table 3. Effect of cottonseed flour on bread dimensions. 

Sample % cosf Loaf weight Loaf volume Specific volume 
added g SD % em 3 SD % cm3/g SD % 

change change change 

Control 0 143 2.3 - 362 3.4 - 2.5 0.1 - 

5 140 3.5 -2 370 2.8 2 2.6 0.1 4 
AAC 10 152 3.1 6 337 3.6 -7 2.2 0.i -12 

15 162 3.5 13 325 3.2 -I0 2.0 0.I -21 

5 135 3.1 -6 275 3.9 4 2.8 0.0 I0 
ALC i0 150 2.9 5 345 4.5 -5 2.3 0.0 -9 

15 155 ~.2 8 330 2.9 -9 2.1 0.1 -16 

5 144 2.4 0 362 5.1 0 2.5 0.1 0 
ILC 10 158 4.1 10 331 4.2 -9 2.1 0.1 -17 

15 166 3.2 16 321 2.7 -11 1.9 0.1 -24 

SD: Standard deviation for three samples 

Spec i f i c  v o l u m e  of bread ,  a pos i t ive  q u a l i t y  c r i t e r ion ,  is s h o w n  to be  
s i g n i f i c a n t l y  e n h a n c e d  b y  a d d i t i o n  of  5 % of  A m e r i c a n  cos f  (Tab le  3), t he  
i n f l u e n c e  b e i n g  h i g h e r  w i t h  ALC t h a n  w i t h  AAC,  w i t h  the  ILC s a m p l e  
s h o w i n g  no  effect. Th i s  e n h a n c e m e n t  is a r e su l t  of  the  i n c r e a s e  in  loa f  
v o l u m e  w i t h  a c o n c o m i t a n t  dec rease  in  loa f  weight .  Leve l s  of  10 % a n d  
15 % a d d i t i o n  e v i d e n t l y  dec rease  b r e a d  q u a l i t y  in  t e r m s  of  spec i f ic  
v o l u m e .  S i m i l a r  r e su l t s  h a v e  b e e n  r e p o r t e d  for  I r a n i a n  S a n g a k  b r e a d  (11) 
a n d  E g y p t i a n  Ba lad i  b r e a d  (12, 13). 

F l a v o u r  t e s t i n g  (Tab le  4) shows  a g e n e r a l  d e t e r i o r a t i o n  in  q u a l i t y  w i th  
i n c r e a s i n g  a d d i t i o n  of  cosf. The  5 % leve l  m a y  be  to le ra ted ,  p a r t i c u l a r l y  
w i t h  A m e r i c a n  f lours ,  r egard less  of  p r e p a r a t i o n  m e t h o d .  I t  m a y  be  no te -  

Table 4. Effect of cottonseed flour on bread quality. 

Sample % eosf 
added 

Scoring of sensory properties 

Appearance Flavour Texture Total score 
(9) SD (9) SD (9) SD 27 SD 

Control - 8.0 0.2 8.2 0.1 7.5 0.2 23.7 1.5 

5 8.0 0.5 7.3 0.2 7.9 0.3 23.2 1.2 
AAC 10 7.1 0.3 5.9 0.3 6.9 0.3 19.9 1.3 

15 5.4 0.4 4.9 0.3 5.6 0.3 15.9 1.4 

5 8.0 0.3 7.1 0.2 8.0 0.2 23.1 1.2 
ALC 10 7.0 0.3 6.0 0.3 7.1 0.2 20.1 1.3 

15 5.0 0.6 5.2 0.3 5.5 0.2 15.7 1.4 

5 7.5 0.1 7.0 0.2 7.0 0.3 21.5 1.2 
ILC 10 5.4 0.1 5.5 0.3 5.9 0.4 16.8 1.1 

15 3.5 0.2 4.6 0.3 4.2 0.2 12.3 0.9 

SD: Standard deviation of 15 panelists 
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w o r t h y  that  the light b rown Indian flour added to the undesirabi l i ty  of  the 
darker  bread p roduced  more  than the cream coloured Amer ican  products .  
Moreover,  at the 5 % level, the Amer ican  cosfs have a slight effect on 
appearance ,  and enhance  texture acceptabili ty.  

Critical scoring of  bread quality attr ibutes (Table 5) shows that  at the 5 % 
level, Amer ican  cosfs may  enhance  bread acceptability, whereas  the 
Ind ian  p roduc t  is as tolerated as the Amer ican  at 10 %. The 15 % level was 
rejected in all cases. 

Closer examina t ion  of  Table 5 confirms results men t ioned  above (Tables 
3 and 4). Thus,  at 5 % addition, cosfs do not  seriously affect loaf volume,  
colour  of  crust  or crumb,  grain, texture, break and shred, nor  symmetry .  
These  parameters  are little deteriorated by the addit ion of  10 % of Ameri- 
can cosf, and s t rongly affected by the same level of  Indian  flour, or 15 % of 
all samples.  As high as 10 % Indian cosf  had been found to increase the 
spread of  biscuits, wi thout  taste deteriorat ion (20). Colour  was darker  than 
the control,  and could be overcome in Cacao biscuits. 

In  conclusion,  the use of cot tonseed flour for bread making  is advisible 
f rom nutri t ional  aspects.  At a level of  5 % addi t ion bread quali ty is either 
unaffec ted  or even enhanced.  Up to 10%, cosf  may  funct ional ly and 
organolept ical ly  be tolerated, depending  on the source, hence  propert ies  
of  the flour. Such  a level would increase protein content  of  bread by 
approx imate ly  1.5 times. The American cosf  tested was more  favourable 
than  the Indian  sample in all aspects. The use of  higher  propor t ions  of  this 
protein-r ich flour might  prove suitable for biscuit  product ion.  
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