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I n  r e c e n t  yea r s  i n t e n s i v e  p r o c e s s i n g  t e c h n i q u e s  h a v e  a t t r a c t e d  a g rea t  
dea l  of p u b l i c  a t t en t i on .  Wi th  the  r a p i d  i n c r e a s e  in  ou r  u n d e r s t a n d i n g  of 
t he  b i o c h e m i c a l  l e s i ons  u n d e r l y i n g  m a n y  d i sease  s ta tes ,  i t  has  b e c o m e  
p o s s i b l e  m o r e  r e c e n t l y  to f o r m u l a t e  a w h o l e  r a n g e  of n e w  p r o d u c t s  t ha t  
c a n  be  a p p l i e d  i n  the  d i e t a ry  m a n a g e m e n t  of spec i f ic  d i so rders .  

B r e a d  t a i lo red  for e x a m p l e  for s l i m m i n g  a n d  for d i a b e t i c s  is m a d e  b y  
a d d i n g  p r o t e i n  to f lour ,  th i s  p r o t e i n  m a y  be  g lu t e n ,  s k i m  m i l k  or soya  f lour  
(1, 4). P r o c e s s e s  h a v e  b e e n  w o r k e d  ou t  to s epa ra t e  t he  g l u t e n ,  m a j o r  w h e a t  
p r o t e i n  f r o m  the  s t a rch  a n d  t h e n  d r y  it. I ts  good  tas te  a n d  e c o n o m i c  p r i ce  
m a k e  it  a v a l u a b l e  c o m p a n i o n  in  food  fo r t i f i ca t ion  (5). T h e  g e n e r a l  q u a l i t y  
of t he  b r e a d  p r o d u c e d  is s u p e r i o r  i n  i ts  p r o t e i n  c o n t e n t  (12). G l u t e n - r i c h  
b r e a d  is v e r y  s u i t a b l e  as a d i a b e t i c  food,  w h e r e  c a r b o h y d r a t e  i n t a k e s  m u s t  
be  res t r ic ted .  J u n i o r  f o r m s  of d i abe t i c s  are  n o w  i n c r e a s i n g ;  for  c h i l d r e n  
b o t h  t he  q u a l i t y  a n d  q u a n t i t y  of d i e t a r y  p r o t e i n s  are  of i m p o r t a n c e  for  
t he i r  g rowth .  

I t  is t he  a im  of t he  p r e s e n t  w o r k  to d e t e r m i n e  t he  a m i n o  ac id  c o m p o s i -  
t i o n  of g l u t e n - r i c h  d ie te t i c  b read .  I ts  p r o t e i n  q u a l i t y  was  also a s s e s s e d  in  
ra t  f e e d i n g  e x p e r i m e n t .  

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

The wheat sample used in the course of this work was a soft winter variety 
(Triticum vulgaris, Gizza 155). Low grade (second-class) flour was obtained at long 
extraction of 87.5%, to which wheat gluten protein was added. This composite flour 
was used for the preparation of high protein-gluten bread (dietetic bread). After 
baking, the bread was sliced by the manufacturer  and wrapped in V2-kg packages, 
3 kgs of dry dietetic bread was used in this study. 

Sampling 

The bread was ground and samples were analyzed for moisture, nitrogen, fat, 
crude fibres, and ash using the usual standard methods (2). 

For amino acid determination, the ground sample was hydrolyzed with 6 N HC1 
for 24 h at 110 ~ in a stream of nitrogen (2). The acid hydrolysate was evaporated in 
vacuo, redissolved in citrate buffer pH 2.2 and an aliquot was applied to the amino 
acid analyzer (6). 

The tryptophan content  was also determined colorimetrically according to the 
method of Spies (11). 
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Rat feeding experiment 

Male  S p r a g u e - D a w l e y  ra t s  aged  21_+2 days  were  u s e d  for  t h e  a s s e s s m e n t  of t h e  
p ro t e in  qua l i t y  of t he  d ie te t ic  b read .  T h e  e x p e r i m e n t  c o r r e s p o n d e d  n e a r l y  w i t h  t he  
e x p e r i m e n t a l  p r o c e d u r e  d e s c r i b e d  b y  t h e  G e r m a n  g r o u p  on  t he  P r o t e i n  E v a l u a t i o n  
(9). F o r  t h e  f i rs t  t h r e e  days,  t h e  ra t s  w e r e  fed  a m i x t u r e  of e q u a l  p a r t s  of a p rac t i ca l  
r a t  d ie t  a n d  a m i x t u r e  of t h e  e x p e r i m e n t a l  diets .  Af te r  t h r e e  days  t he  food  was  
r e m o v e d  for  6 hour s ,  a n d  t h e  r a t s  we re  w e i g h e d  a n d  d i s t r i b u t e d  o v e r  7 b l o c k s  of ra t s  
of e q u a l  we igh ts .  W i t h i n  e a c h  b l o c k  t h e  ra t s  were  r a n d o m i z e d  for  d ie t  a n d  cage. In  
t h e  e x p e r i m e n t  o n e  g r o u p  r ece ived  a p ro te in - f ree  d ie t  w h i c h  c o n s i s t e d  of t h e  
fo l lowing  in  (%): c o t t o n s e e d ,  5; sa l t  m i x  (9), 6; v i t a m i n  mix,  (9), 2; cel lulose,  4; 
c o r n s t a r c h ,  83. T h r e e  g r o u p s  of s ix  a n i m a l s  e a c h  r ece ived  d ie t s  w h i c h  c o n t a i n e d  
t h r e e  levels  of ca se in  + d i - m e t h i o n i n e .  At  t he  l o w e r  d i e t a ry  p r o t e i n  levels  (3.5, 7.0 %), 
t h e  case in  d ie t s  w e r e  s u p p l e m e n t e d  w i t h  0.3% d i - m e t h i o n i n e ;  w h e r e b y  a t  10% 
d ie t a ry  p r o t e i n  level,  t h e  ca se in  d ie t s  w e r e  s u p p l e m e n t e d  w i t h  0.5% d l - m e t h i o n i n e .  

T h r e e  g r o u p s  of s ix  a n i m a l s  e a c h  r ece ived  d ie t s  c o n t a i n i n g  3.5, 7.0, 10.0% p r o t e i n  
d e r i v e d  f r o m  t h e  d ie te t i c  b read .  T h e  d ie t  was  p r e p a r e d  b y  s u b s t i t u t i n g  d ie te t i c  
b r e a d  for t he  s t a r c h  in  t he  p ro t e in - f r ee  diet ,  ce l lu lose  was  also o m i t t e d  in  th i s  case.  

T h e  a n i m a l s  w e r e  k i l led  w i t h  c h l o r o f o r m  af te r  21-day-feeding. T h e y  were  
w e i g h e d  a n d  t h e  a b d o m e n  was  opened .  T h e  ca rcas ses  w e r e  p l a c e d  in  t a r e d  beake r s ,  
w e i g h e d  a n d  d r i ed  at  95 ~ u n t i l  c o n s t a n t  weight .  F o r  l a rge r  a n i m a l s  th i s  r e q u i r e d  
a p p r o x i m a t e l y  3 days.  

A g r o u p  of a n i m a l s  was  a n a l y z e d  at  t h e  s ta r t  of t he  e x p e r i m e n t  for  b o d y  w a t e r  
con ten t .  T h e s e  va lues  w e r e  u s e d  to ca lcu la te  t h e  or ig ina l  b o d y  w a t e r  of e a c h  an imal ,  
a n d  t h e n  t he  ga in  in  b o d y  w a t e r  of e a c h  a n i m a l  d u r i n g  t h e  e x p e r i m e n t  was  
ca lcu la ted .  

Fo r  e a c h  g r o u p  s t a n d a r d  e r ro r  of t he  m e a n s  was  ca l cu l a t ed  for da t a  o n  w e i g h t  
gain,  P E R s ,  a n d  N P U s .  

T h e  Ne t  p r o t e i n  Ut i l i za t ion  (NPU)  was  ca l cu la t ed  a c c o r d i n g  to t h e  m e t h o d  of 
Bender a n d  Mlller (3) f rom t h e  va lues  of b o d y  water .  

N P U  (BWT) - (BWF) 
I x 100, 

w h e r e b y :  BW w = t he  b o d y  w a t e r  of t he  ra t s  on  t he  p r o t e i n  d ie t  a t  t h e  e n d  of 21-day- 
f e ed i ng  e x p e r i m e n t ;  

BW F = t he  b o d y  w a t e r  of t he  ra t  o n  N-free  diet ;  
I = to ta l  p r o t e i n  i n t a k e  d u r i n g  t he  w h o l e  f eed ing  e x p e r i m e n t .  

The  s lope- ra t io  ana lys i s  d e s c r i b e d  by  Snedecor ( 1 0 ) i n c l u d e s  t h e  ca l cu l a t i on  of 
t h e  l i nea r  r e g r e s s i o n  l ine,  y = a + bx;  for  d ie te t i c  b r e a d  a n d  for case in ;  y is t h e  
r e s p o n s e  a n d  x is t h e  a m o u n t  of p r o t e i n  c o n s u m e d  b y  e a c h  rat .  

T h e  ra t io  of t h e  s lope  for  d ie te t ic  p r o t e i n  to  t h a t  of t h e  r e f e r e n c e  case in  + 
m e t h i o n i n e  d ie t  is t he  m e a s u r e  of po tency .  

T h e  Re la t ive  N u t r i t i v e  V a l u e  (RNV) is de f i ned  as t he  s lope  of t he  r e g r e s s i o n  l ine  
b e t w e e n  w e i g h t  ga in  a n d  p r o t e i n  i n t a k e  for  t he  d ie te t ic  b r e a d  d i v i d e d  b y  t h e  s lope  
of the  c lose  r e s p o n s e  l ine  o b t a i n e d  w i t h  t h e  s t a n d a r d  p ro te in ,  case in  + d l -me th io -  
n ine .  

Resul t s  and d i scuss ion  

C h e m i c a l  a n a l y s i s  o f  w h o l e  w h e a t  a n d  d i e t e t i c  b r e a d  a r e  p r e s e n t e d  i n  
t a b l e  1. T h e  r e s u l t s  o f  p r o t e i n  a n a l y s i s  i n d i c a t e  t h a t  d i e t e t i c  b r e a d  is  h i g h e r  
i n  p r o t e i n  (38 .1% i n  t h e  d r y  m a t t e r )  a s  c o m p a r e d  t o  w h o l e  w h e a t  ( 1 2 . 5 5 %  i n  
t h e  d r y  m a t t e r )  w h i c h  i s  d u e  t o  a d d i t i o n  o f  g l u t e n ,  g l u t e n  a c c o u n t s  8 0 %  of  
t h e  p r o t e i n  o f  w h o l e  w h e a t  f l o u r  (5). T h e  a m i n o  a c i d  c o m p o s i t i o n  of  g l u t e n  
p r o t e i n  w a s  g i v e n  b y  WiHlams (12) w i t h  a l y s i n e  c o n t e n t  of  2.1 g /16  g 
n i t r o g e n .  H e p b u r n  e t  al.  (8) t e s t e d  t h e  a v a i l a b i l i t y  of  e i g h t  e s s e n t i a l  a m i n o  
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Table 1. Chemical analysis of whole wheat  and dietetic bread. 

Material Protein Ash Fat Total carbo- Fiber by Calories 
hydrate difference 

% % % % % 

Whole wheat  12.55 1.52 1.93 82.10 1.90 403.57 
Dietetic bread 38.10 2.82 1.43 56.87 0.78 395.87 

ac ids  in  g lu t en ,  w h e a t  a n d  b read .  T h e y  c o n c l u d e d  that ,  in  gene ra l ,  a m i n o  
ac id s  a v a i l a b i l i t y  t e n d e d  to  be  h i g h e s t  in g l u t e n ;  t h e  a u t h o r s  f o u n d  t h a t  t h e  
m e t h i o n i n e  in  t he  g l u t e n  w a s  96% ava i l ab le ,  w h e r e a s  v a l i n e  s h o w e d  t h e  
l o w e s t  ava i l ab i l i ty .  

T h e  a m i n o  a c i d  c o m p o s i t i o n  of w h o l e  w h e a t  a n d  d i e t e t i c  b r e a d  is 
p r e s e n t e d  in  t ab l e  2. L y s i n e  is t h e  f i rs t  l i m i t i n g  a m i n o  a c i d  in  t h e  w h o l e  
w h e a t  a n d  a lso  in  d i e t e t i c  b r e a d  (13). T h e  c h e m i c a l  s c o r e  for  d i e t e t i c  b r e a d  
w a s  f o u n d  to  be  43% w h i c h  is q u i t e  s i m i l a r  to  t he  c h e m i c a l  s c o r e  (44%) 
f o u n d  in  t h e  w h o l e  w h e a t  ke rne l .  

Table 2. Amino acid composit ion of dietetic bread in relation to wheat  proteins and 
FAO/WHO Reference Pat tern (1973). 

Amino acid Whole wheat  Dietetic bread FAO/WHO 

Essentials 
Lysine 168.5 163.9 344.0 
Methionine 92.8 81.1 
Cystine 150.1 133.7 
Total sulfur 219.0 
Isoleucine 200.7 210.6 250.0 
Leucine 412.5 425.2 437.0 
Total aromatic 263.4 269.8 375.0 
Tryptophan 70.2 68.0 62.0 
Threonine 171.6 161.2 250.0 
Vahne 262.0 249.9 312.0 

Total 1791.8 1763.4 2249.0 

Nonessentials 
Aspartic 337.0 258.6 
Glutamic 1763.0 2097.1 
Alanine 217.6 195.5 
Proline 286.6 288.0 
Serine 606.8 702.1 
Glycine 249.9 225.5 
Arginine 281.5 221.6 
Histidine 
NH 3 242.1 289.6 

Total 3984.5 4278.0 

Chemical score = 44.0 43.0 
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I t  w a s  f o u n d  t h a t  b a k i n g  h a d  n o  e f f ec t  o n  d e s t r u c t i o n  of  t h e  a m i n o  
a c i d s  of  d i e t e t i c  b r e a d ,  i t  h a s  n e a r l y  t h e  s a m e  v a l u e s  as  w h o l e  w h e a t .  
T h r e o n i n e  is  t h e  n e x t  l i m i t i n g  a m i n o  a c i d  in  w h o l e  w h e a t  p r o t e i n s  a n d  a l so  
in  d i e t e t i c  b r e a d  as  c o m p a r e d  to  F A O / W H O  r e f e r e n c e  a m i n o  a c i d  p a t t e r n  
of 1973 (13). 

T h e  d a t a  o b t a i n e d  in  t h e  f e e d i n g  e x p e r i m e n t  a r e  p r e s e n t e d  in  t a b l e  3. 
T h e s e  d a t a  s h o w  t h e  m e a n  w e i g h t  g a i n  a n d  g a i n  in  b o d y  w a t e r .  T h e  P E R  
v a l u e s  r e v e a l  t h a t  d i e t e t i c  b r e a d  h a d  a v a l u e  of  1.34 a t  10% d i e t a r y  l eve l  
c o m p a r e d  w i t h  a v a l u e  of  3.0 for  r e f e r e n c e  c a s e i n  d ie t s .  R a t s  f e d  d i e t e t i c  
b r e a d  a t  10% p r o t e i n  l e v e l  s h o w e d  a n  i n c r e a s e  of 10.3 • 0.4 g b o d y  w a t e r  
d u r i n g  t h e  t h r e e  w e e k  f e e d i n g  e x p e r i m e n t ,  c o m p a r e d  w i t h  a f i g u r e  of  32.1 
+_- 2.0 g in  t h e  c a s e i n  g r o u p .  M e a s u r e m e n t  of  b o d y  w a t e r  w a s  f u r t h e r  u s e d  
for  t h e  c a l c u l a t i o n  of  t h e  n e t  p r o t e i n  u t i l i z a t i o n  in  d i e t e t i c  b r e a d ,  g i v i n g  a 
f i g u r e  of 39.2 c o m p a r e d  w i t h  a f i g u r e  of  67.2 in  t h e  c a s e i n  g r o u p .  

T h e  e s t i m a t e d  p o t e n c y  o b t a i n e d  f r o m  t h e  s l o p e  r a t i o s  b y  t h e  m e t h o d  
d e s c r i b e d  b y  H e g s t e d  et  al. (7) h a s  b e e n  e x p r e s s e d  as  p e r c e n t a g e  of t h e  
r e f e r e n c e  c a s e i n  d i e t  + d l - m e t h i o n i n e .  T h e  r e s u l t s  of t h e  f e e d i n g  e x p e r i -  
m e n t  w e r e  e v a l u a t e d  u t i l i z i n g  b o d y  w a t e r  a n d  w e i g h t  g a i n  as  t h e  m e a s u r e  
of r e s p o n s e  as  s h o w n  in  t a b l e  3. 

G e n e r a l l y  s p e a k i n g ,  s i m i l a r  r e s u l t s  w e r e  o b t a i n e d  r e g a r d l e s s  of  t he  
m e a s u r e  of r e s p o n s e ,  t h e  u s e  of b o d y  w a t e r  r e s u l t e d  in  a n u t r i t i v e  v a l u e  
e s t i m a t e s  of 24% of t h e  r e f e r e n c e  c a s e i n  d ie t ,  c o m p a r e d  to  r e l a t i v e  nu t r i -  
t i ve  v a l u e  of  20% w h e n  w e i g h t  g a i n  w a s  t h e  m e a s u r e  of  r e s p o n s e .  

C o m b i n a t i o n  of  t h e  r e l a t i v e  n u t r i t i v e  v a l u e  a n d  p r o t e i n  c o n t e n t  in  o n e  
i n d e x ,  t h e  u t i l i z a b l e  p r o t e i n ,  g a v e  v a l u e  of  7.50 • 0.08%. Th i s  f i g u r e  is  s t i l l  
l o w e r  t h a n  t h e  l e v e l  r e c o m m e n d e d  b y  Hegs ted  (10%), a s  t h e  m i n i m u m  
l e v e l  fo r  f o o d  p r o t e i n s  h a v i n g  g o o d  b i o l o g i c a l  va lue .  

I n g e s t i o n  of s u c h  f o o d  p r o t e i n s  m a y  p r o v e  to  b e  v e r y  u s e f u l  fo r  d i a b e t i c  
c h i l d r e n ,  w h o  s h o u l d  b e  m a i n t a i n e d  on  a r e s t r i c t e d  c a r b o h y d r a t e  d ie t ,  a n d  
s t i l l  n e e d  d i e t a r y  p r o t e i n  for  g r o w t h .  I n  7 - y e a r - o l d  s c h o o l  c h i l d r e n  t h e  
F A O / W H O  e s t i m a t e  is  0.77 g of  r e f e r e n c e  p r o t e i n / k g / d a y .  T h u s  o n e  w o u l d  
e s t i m a t e  t h a t  t h e y  w o u l d  r e q u i r e  (0.77 x 100 ) = 3.5 g / k g / d a y  of  g l u t e n - r i c h  
d i e t e t i c  b r e a d .  C h i l d r e n  in  t h i s  age  g r o u p  h a v e  a n  e s t i m a t e d  c a l o r i c  r e q u i r e -  
m e n t  of  78 ca l /kg .  F o r  a c h i l d  to  r e c e i v e  3.5 g / k g  g l u t e n - r i c h  p r o t e i n  h e  
w o u l d  n e e d  a r o u n d  12 g b r e a d / k g  b o d y  w e i g h t .  I t  w o u l d  a p p e a r  f r o m  th i s  
c a l c u l a t i o n  t h a t  g l u t e n - r i c h  m a t e r i a l s  w o u l d  b e  u s e f u l  fo r  s c h o o l - a g e  chi l -  
d r e n .  I n  c o n s i d e r i n g  cos t ,  g l u t e n - r i c h  f o o d s  a r e  s t i l l  m o r e  e c o n o m i c  c o m -  
p a r e d  to  f o o d s  s u c h  as  s k i m  m i l k ,  f i sh  o r  s o y a  f lour .  

Summary 

Dietetic bread is mainly produced  for diabetics. Gluten accounts 80% of the 
protein of whole wheat  flour. For ty  per cent wheat  gluten are incorporated in the 
dough to increase the protein content  and decrease the starch in the final product .  
Gluten-rich foods are still of low cost as compared  to others such as skim milk, soya 
and fish flour. 

Zusarnrnenfassung 

Di~tbrot wurde in Agypten haupts~chlich fi~r Diabetiker hergestellt. Zur Her- 
stellung dieses Brotes wird ein Gernisch aus 60 Teilen Weizenrnehl und 40 Teilen 
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Glu ten  e ingese tz t .  De r  P r o t e i n g e h a l t  des  P r o d u k t e s  betr~igt 38% in der  T r o c k e n s u b -  
stanz. Der  P r o t e i n w e r t  des  Bro tes  ha t  e inen  P E R - W e r t  yon  1,34 in Ra t t enve r f6 t t e -  
r u n g s v e r s u c h e n .  
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