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B r e a d  was  p r o b a b l y  t he  f i rs t  eve r  m a n  p r o d u c e d  p r o c e s s e d  food,  a n d  
st i l l  r e m a i n s  t he  m o s t  u n i v e r s a l l y  accep t ed .  T h o u g h  it  is n o t  a pe r fec t ly  
n u t r i t i o n a l  s o u r c e  of p ro t e in ,  i t  is n o n e t h e l e s s  a p r i n c i p a l  s o u r c e  of b o t h  
ca lor ies  a n d  p r o t e i n  i n  m o s t  c o u n t r i e s .  S o m e  70 % of t he  w o r l d ' s  p r o t e i n  
s u p p l y  c o m e s  f r o m  v e g e t a b l e  sources ,  30% f r o m  a n i m a l  sou r c e s  (1). 
B e c a u s e  of t he  u n i q u e  s t r u c t u r a l  p r o p e r t i e s  of h y d r a t e d  w h e a t  p ro te in ,  
b r e a d  c a n  be  for t i f ied  w i t h  a w i d e  v a r i e t y  of p ro t e in ,  v i t a m i n ,  a n d  m i n e r a l  
s u p p l e m e n t s .  B r e a d  is a lso a s u i t a b l e  veh i c l e  for  u n i f o r m a l  d i s t r i b u t i o n  of 
a n u t r i t i o n a l  s u p p l e m e n t  a m o n g  fami ly .  

S e v e r a l  a n i m a l  a n d  v e g e t a b l e  p r o t e i n  sou rce s  h a v e  b e e n  c o n s i d e r e d  for  
b r e a d  e n r i c h m e n t .  Mi lk  a n d  i ts  p r o d u c t s  are  c o n s i d e r e d  i m p o r t a n t  sou rces  
of b r e a d  p r o t e i n  fo r t i f i ca t ion  i n  a n u m b e r  of c o u n t r i e s .  F i s h  p r o t e i n  
c o n c e n t r a t e  a n d  egg  p r o t e i n  are  a lso used .  G r a i n  l e g u m e s  a n d  o i l seed  
p r o t e i n  f u r n i s h  g o o d  s o u r c e s  of b r e a d  for t i f ica t ion .  S o y b e a n ,  c o t t onse e d ,  
s u n f l o w e r ,  p e a n u t ,  l u p i n e ,  a n d  r ice  b r a n  are  r e p o r t e d  as p r o t e i n  supp l e -  
m e n t s  for  b r e a d  ( 2 - 4 ) .  

T h e  a i m  of t he  p r e s e n t  i n v e s t i g a t i o n  is to r e p o r t  o n  the  effect  of 
e n r i c h m e n t  of w h e a t  f lour  w i t h  p r o t e i n  s o u r c e s  o n  t he  c h e m i c a l  c o m p o s i -  
t i o n  a n d  o r g a n o l e p t i c  p r o p e r t i e s  of b read .  

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

The wheat flour (WF) used was a local quality soft wheat of 85 % extraction, 
usually used by bakeries for bread making. Sunflower seed protein concentrate 
(SNC), free of chlorogenic acid and phytates, was prepared according to Taha and 
E1-Nockrashy procedure (5). Soy protein concentrate (SC) and fish protein concen- 
trate (FC) were commercial products suitable for human  consumption. Rice bran 
flour (RBF) was supplied by Salt and Soda Company. Lupine flour (LF) was 
prepared from locally grown Luplnus tennis according to Darwish and E1-Nock- 
rashy (6) procedure. 

Analytical procedures 

The moisture, oil, ash and crude fibre percentages were determined according to 
A.O.A.C. methods (7). The nitrogen percentage was determined by semimicro 
Kjeldahl procedure (8), and the percentage protein was calculated as N x 6.25. 
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Bread flour recipes and baking 

Preliminary work on the preparation of the dough and the baking of the bread 
was carried out to establish a standard recipe. The bread was prepared from the 
following eleven wheat flour and protein source combinations: 

R e c i p e  No.  P r o t e i n  source  WF:  P r o t e i n  rat io  

I N o n e  100 : O0 
I IA SNC 95 : 5 
IIB SNC 90 : 10 
I I IA SC 95 : 5 
IIIB SC 90 : l0 
IVA L F  95 : 5 
IVB L F  90 : l0  
VA R B F  95 : 5 
VB R B F  90 : 10 
VIA FC 95 : 5 
VIB FC 90 : 10 

WF: w h e a t  flour, 85 % ext rac t ion ;  SNC: s u n f l o w e r  s eed  p ro t e i n  concen t ra t e ;  SC: 
soy p r o t e i n  concen t ra t e ;  LF:  l up ine  flour; RBF:  r ice  b r a n  flour; a n d  FC: f i sh  p ro t e i n  
concen t ra te .  

F lou r  f rom the  above  five rec ipes ,  in  300 g lots,  was  m i x e d  in  a m i x i n g  b o w l  
t o g e t h e r  w i t h  3 g of t ab le  salt. The  yeas t  s t a r te r  was  p r e p a r e d  in a s epa ra t e  con t a ine r  
by  d i s so lv ing  1.5 g f resg  bake r ' s  yeas t  in  42 ml  of l u k e w a r m  water ,  fo l lowed  by  the  
add i t i on  of 60 g w h e a t  f lour  and  mix ing .  The  con t a ine r  was  cove red  wi th  a t owe l  
a n d  left  o v e r n i g h t  at  r o o m  t e m p e r a t u r e  (27 ~ 30 g of t h e  p r e p a r e d  yeas t  s ta r te r  
w e r e  d i s so lved  in  40 g w a t e r  a n d  t h e n  a d d e d  to  t he  f lour  mix tu re .  Water  (150 g) w a s  
t h e n  a d d e d  gradua l ly  to t he  f lour  whi le  m i x i n g  it w i t h  t h e  s ta r te r  to m a k e  a water -  
f lour  of 70%. E a c h  s a m p l e  w a s  t h e n  k n e a d e d  for  10 mi n u t e s ,  and  the  d o u g h  w a s  
f e r m e n t e d  for  a b o u t  2 hours .  The  r e su l t ing  d o u g h  was  d iv ided  in to  t h ree  equa l  
loaves  t ha t  w e r e  f l a t t ened  a l i t t le by  pa t t i ng  w i t h  f ingers  over  smal l  a m o u n t  of w h e a t  
f lour  to p r e v e n t  s t icking.  

Loaves  w e r e  cove red  wi th  a t owe l  a n d  lef t  for  2 h o u r s  at  r o o m  t e m p e r a t u r e .  They  
w e r e  f l a t t ened  to a d i a m e t e r  of a b o u t  25 cm, b a k e d  on  the  b o t t o m  of an  oven  at 
260 ~ till t h e y  r ised,  a n d  t h e n  p l aced  in the  u p p e r  shel f  for  a n o t h e r  2 m i n u t e s .  

S a m p l e s  of t he  d i f fe ren t  b read  t r e a t m e n t s  w e r e  eva lua t ed  by  a t a s t e  panel .  The  
res t  was  cut  in to  sl ices and  sp r ead  out  into s ingle  layers  on  t rays  and  a l lowed  to d ry  
a t  r o o m  t e m p e r a t u r e  for  72 hours .  The  dry  b r e a d  was  g r o u n d  us ing  a Wiley mill ,  a n d  
t h e n  s i eved  to pass  80-mesh screen.  The  b r e a d  f lour  was  ana lysed  for  its c h e m i c a l  
compos i t i on .  

Table  1. E x p e r i m e n t a l  Des ign  for  Bak i n g  of Bread.  

B lock  % P r o t e i n  sou rce  in  b r e a d  

A B Dupl ica te  

1 0 5 0 
2 0 l0  10 
3 10 5 5 
4 5 0 0 
5 I0 0 10 
6 5 10 5 
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E x p e r i m e n t a l  d e s i g n  f o r  s ensor i c  eva lua t ion  o f  d i f f e r e n t  l d n d s  o f  bread  

The  e x p e r i m e n t  was  r u n  as a ba l anced  i n c o m p l e t e  b lock  des ign  d e s i g n a t e d  type  
V by  C o c h r a n  a n d  Cox  (9), w i t h  k = 2, t = 3 a n d  b = 6 as s h o w n  in  tab le  1. T h u s  t h r e e  
loaves  of b read ,  m a d e  f rom each  of two  d i f fe ren t  w h e a t  f lour -pro te in  co mb i n a t i o n s ,  
w e r e  b a k e d  on  each  of s ix days.  In  addi t ion ,  a s e c o n d  t h r e e  loaves  of b r e a d  w e r e  
m a d e  f rom jus t  one  of t he  combina t i ons .  The  j udges  d id  no t  k n o w  tha t  t h e r e  was  a 
dup l i ca t e  a m o n g  the  t h r e e  s a m p l e s  p r e s e n t e d  to  t h e m .  The  dup l i ca t e  was  a lways  
p r e s e n t e d  as t h e  last  sample .  

Two  loaves  f r o m  each  f lour  c o m b i n a t i o n  w e r e  cu t  in to  p ieces  for  t he  judges ,  a n d  
the  th i rd  loaf was  k e p t  as a who le  to j u d g e  t h e  c rus t  colour.  The  s amp l e s  were  
p r e s e n t e d  to  t he  j udges  in  t he  o rde r  s h o w n  in  t h e  e x p e r i m e n t a l  des ign.  The  b read  
was  sco red  for  a roma,  c r u m b  colour,  c rus t  colour,  t ex tu re ,  f lavour,  a n d  overall  
accep tab i l i ty  by  a pane l  of s ix p e r s o n s  f rom t h e  staff  a n d  s t u d e n t s  of t he  H o m e  
E c o n o m i c s  D e p a r t m e n t ,  Ain  S h a m s  Univers i ty .  The  g r ad i n g  scores  w e r e  g iven 
n u m e r i c a l  va lues  f r o m  1-7 for: ve ry  poor,  poor ,  fair, fairly good,  good,  ve ry  good,  
a n d  exce l len t ,  respec t ive ly .  

Table  2. Chemica l  C o m p o s i t i o n  of B r e a d  Ingredients1) .  

I n g r e d i e n t s  P r o t e i n  Oil F ib re  A s h  N F E  2) 
% % % % % 

Whea t  f lour  12.96 0.63 0.37 0.09 85.95 
S u n f l o w e r  c o n c e n t r a t e  83.04 0.34 7.08 2.34 7.20 
Soy  c o n c e n t r a t e  67.23 4.35 4.47 3.04 20.91 
L u p i n e  f lour  41.40 6.79 16.51 1.03 34.27 
Rice  b ran  f lour  16.71 0.56 9.47 10.39 62.87 
F i sh  c o n c e n t r a t e  84.46 0.23 0.76 14.07 0.48 

1) Va lues  are  g iven  on  mois tu re - f r ee  bas i s  
2) Ni t rogen- f ree  ex t r ac t  

Table  3. Chemica l  C o m p o s i t i o n  of B r e a d  P r e p a r e d  f rom P r o t e i n - e n r i c h e d  Wheat1). 

Rec ipe  P r o t e i n  Oil F ib re  A s h  N E F  Protein2) ' 
No. % % % % % enr ich-  

m e n t  % 

I Whole  w h e a t  11.83 0.43 0.41 0.30 87.03 
IIA Whea t -SNC (95:5) 14.38 0.36 0.76 1.02 83.48 21.55 
IIB (90:10) 18.56 0.42 1.45 1.24 78.33 56.88 

IIIA Wheat -SC (95: 5) 13.77 0.40 0.63 1.58 83.62 16.39 
I I IB (90:10) 16.40 0.44 0.78 1.86 80.52 38.63 

IVA Whea t -LF  (95: 5) 13.70 1.32 1.10 0.15 83.73 15.80 
IVB (90:10) 14.61 1.63 1.53 1.19 81.04 23.49 

VA W h e a t - R B F  (95: 5) 12.86 0.14 0.44 0.63 85.93 8.70 
VB (90:10) 13.01 0.24 0.85 0.96 84.94 9.97 

VIA Wheat -FC (95: 5) 14.50 0.32 0.24 0.73 84.21 22.56 
VIB (90:10) 19.19 0.33 0.53 2.20 77.75 62.21 

1) Values  are  g iven  on  mo i s tu r e - f r ee  bas i s  
2) P e r c e n t a g e  inc rease  in p ro t e in  c o n t e n t  over  w h o l e  w h e a t  b read  
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R e s u l t s  a n d  d i s c u s s i o n  

The i n g r e d i e n t s  u s e d  in  b r e a d  r ec ipes  inc lude :  w h e a t  flour,  sun f lower  
seed  p ro t e in  concen t ra t e ,  soy  p ro t e in  concent ra te ,  l u p i n e  flour, r ice  b r an  
flour,  and  f ish p ro t e in  concen t ra te .  Table  2 gives the  chemica l  c o m p o s i t i o n  
of t h e s e  ingred ien t s .  

The  p ro t e in  con t en t  of w h e a t  f lour  is 12.9 %. F o u r  ou t  of five sources  
u s e d  for  t he  e n r i c h m e n t  of w h e a t  f lour  are  c o n s i d e r e d  r i ch  sou rces  of 
pro te in .  R ice  b r an  f lour  con ta ins  16.7% prote in ,  and,  s imi la r  to w h e a t  
flour,  c a r b o h y d r a t e s  cons t i t u t e  the  g rea t e s t  pe rcen tage .  

Tab le  3 gives  t he  ana lys i s  of the  b r e a d  s amp l e s  p r e p a r e d  f rom w h o l e  
w h e a t  a n d  p r o t e i n - e n r i c h e d  wheat .  Va lues  are  g iven  on  d ry  basis .  Enr ich-  
m e n t  of w h e a t  f lour  wi th  5 % of the  p ro te in - r i ch  sources  i nc r ea sed  the  
p ro t e in  c o n t e n t  of t he  b r e a d  b y  va lues  r ang ing  f rom 15.8 to 22.5 %. B r e a d s  
for t i f ied  wi th  10 % p ro t e in  source  con ta in  subs tan t i a l  a m o u n t  of prote in .  

A c c e p t a b i l i t y  o f  p r o t e i n - e n r i c h e d  bread  

Table  4 shows  the ave rage  scores  for  a roma,  c r u m b  colour ,  c rus t  colour ,  
t ex tu re ,  f l avour  and  overa l l  a ccep t ab i l i t y  of the  th ree  d i f fe ren t  t r e a t m e n t s  
(0 0/., 5 % and  10 %) for  each  of the  f ive t y p e s  of p r o t e i n - e n r i c h e d  bread .  The  
t a b l e  a lso  g ives  the  leas t  s ign i f ican t  d i f fe rence  (L.S.D.) for  each  of the  
a b o v e  charac te rs .  

I t  is c lea r  f rom t ab l e  4 tha t  t he  L.S.D. va lues  in m o s t  of the  cha rac te r s  in 
all  c o m b i n a t i o n s  we re  less  t han  the  d i f ference  b e t w e e n  t r e a t m e n t  means ,  
w h i c h  we re  s ign i f ican t  a t  1% level.  

In  t ab le  5 the  ana lys i s  of va r i ance  was t h e n  a p p l i e d  to each  of the  
cha rac t e r i s t i c s  of al l  w h e a t  f lou r -p ro te in  source  c o m b i n a t i o n s .  I t  is c lear  
t ha t  the  c o m p u t e d  F va lue  for  each  of the  a b o v e  s ix  cha rac te r i s t i c s  in  all 
c o m b i n a t i o n s  was  g rea t e r  t h a n  1%, wh ich  m e a n s  tha t  the  d i f fe rence  is 
s ign i f i can t  for  each  of them.  

W h e n  w h e a t  f lour  was  for t i f ied  w i th  5 % of a n y  of t he  f ive p ro t e in  
sources ,  the  m e a n  scores  for  the  s ix  charac te r i s t i c s  in  all  c o m b i n a t i o n s  fall 
in  the  r ange  6-5, w h i c h  is c o n s i d e r e d  ve ry  good  - good.  The  ve ry  good  - 
good  m e a n  scores  for  the  d i f fe ren t  cha rac te r i s t i c s  s h o w  tha t  these  p ro t e in  
sources  are  f avourab l e  s u p p l e m e n t s .  

I t  is the re fo re  c o n c l u d e d  tha t  for t i f ica t ion  of w h e a t  f lour  wi th  5 % to 
10 % of t he  p ro t e in - r i ch  sources ,  namely ,  sun f lower  seed  p r o t e i n  concen-  
t rate ,  soy  p ro t e in  concen t ra te ,  l up ine  flour,  and  fish p r o t e i n  concen t ra te ,  
r e su l t s  in  s u b s t a n t i a l  inc rease  in  the  p ro t e in  con t e n t  of t he  bread .  S e n s o r i c  
cha rac te r i s t i c s  favour  the  a d d i t i o n  of these  sources .  

Summary  

Five protein sources, namely, sunflower seed protein concentrate, soy protein 
concentrate, lupine flour, rice bran flour, and fish protein concentrate, were used to 
enrich wheat bread. The protein sources were added at 5 % and 10 % levels. Chemi- 
cal analysis of the enriched bread revealed increase in the protein content by values 
ranging from 16 to 62 %. Sensoric evaluation included: aroma, crumb colour, crust 
colour, texture, flavour, and overall acceptability. The mean scores for these charac- 
teristics show that the protein sources are favourable supplements especially at 5 % 
level. 
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