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Cereals ,  e spec ia l ly  w h e a t  a n d  rice,  c o n s t i t u t e  t h e  b u l k  of t he  h u m a n  d ie t  in  m a n y  
a reas  of t h e  wor ld .  T h e  n u t r i t i v e  v a l u e  of t h e i r  p r o t e i n s  a n d  t h e i r  spec i f i c  a m i n o -  
ac id  de f i c i enc ie s  l o n g  h a v e  b e e n  of i n t e r e s t  (4, 19). Cerea ls  i n t e n d e d  for  h u m a n  
c o n s u m p t i o n  are  c o o k e d  or  p r o c e s s e d  in to  p r o d u c t s  of h i g h e r  a c c e p t a b i l i t y  a n d  
g rea te r  m a r k e t  s tabi l i ty .  I t  is wel l  e s t a b l i s h e d  t h a t  t h e  p r o c e s s i n g  of w h e a t  m a y  h a v e  
a p r o f o u n d  effec t  on  i ts  p r o t e i n  qua l i t y  (14, 16). T h e  r e p o r t  by  Beaudoin et  al. (3) 
c lear ly  i n d i c a t e d  t h a t  t he  c o o k i n g  of w h o l e  w h e a t  to  s t i m u l a t e  s h r e d d e d  w h e a t  
p r o d u c e d  a n  i m p r o v e m e n t  in  n u t r i t i v e  value.  Kon et  al. (15) f o u n d  t h a t  t he  c r u s t  of 
t h e  b r e a d  w h i c h  r ece ives  m o r e  seve re  h e a t  t r e a t m e n t  d u r i n g  b a k i n g  t h a n  c r u m b  h a s  
a l ower  n u t r i t i v e  v a l u e  t h a n  t he  c r u m b .  L y s i n e  d e s t r u c t i o n  d u r i n g  b a k i n g  is a fac to r  
c o n t r i b u t i n g  to t h e  p o o r e r  n u t r i t i v e  v a l u e  of t he  c r u s t  (21). M a n y  of t h e  b r e a k f a s t  
food ce rea l s  h a v e  b e e n  s u b j e c t e d  to r a t h e r  s eve re  h e a t  t r e a t m e n t  d u r i n g  t he  c o u r s e  
of p roces s ing ,  t h u s  r e d u c i n g  t h e  p r o t e i n  qua l i t y  b y  d e s t r o y i n g  or  by  m a k i n g  s o m e  of 
t h e  a m i n o  ac ids  unava i l ab l e .  

T h e  m e t h o d o l o g y  for  t h e  b io log ica l  a s s e s s m e n t  of d i e t a ry -p ro t e in  qua l i t y  h a s  
b e e n  r e v i e w e d  b y  seve ra l  a u t h o r s  (1, 5, 8). I t  is c lea r  n o w a d a y s  t h a t  a s says  i n v o l v i n g  
on ly  a s ing le  t e s t - p r o t e i n  level  are  u s ua l l y  i n a d e q u a t e  m e a s u r e s  of p r o t e i n  qual i ty .  
Assays  i n v o l v i n g  m o r e  t h a n  one  t e s t  p r o t e i n  was  s u g g e s t e d  b y  Hegs ted ( l l ,  12) a n d  
are  f o u n d  n e c e s s a r y  for  t h e  cr i t ical  d e t e r m i n a t i o n  of d i e t a ry  p r o t e i n  qua l i t y  (23, 20). 

T h e  p r e s e n t  s t u d y  c o n c e r n s  w i t h  t h e  a m i n o  ac id  c o m p o s i t i o n  of w h e a t  a n d  e i g h t  
c o m m o n  w h e a t  der iva t ives .  T h e i r  p r o t e i n  qua l i t i e s  we re  also a s s e s s e d  b y  m e a s u r i n g  
t he  g r o w t h  r e s p o n s e  a n d  c h a n g e  in ca rcas s  w a t e r  of w e a n l i n g  ra t s  fed  d ie t s  con t a in -  
ing  d i f f e ren t  leve ls  of t h e  e x p e r i m e n t a l  p ro te in .  

Mater ia l s  and m e t h o d s  

T h e  w h e a t  s a m p l e  u s e d  in  t he  c o u r s e  of t h i s  w o r k  is a sof t  w i n t e r  va r i e t y  
(Tr i t icurn  vulgar i s ,  Gizza 155) o b t a i n e d  f r o m  Cerea l  D e p a r t m e n t ,  Min i s t ry  of Agri -  
cu l tu re ,  Egypt .  I t  was  mi l l ed  a t  16% m o i s t u r e  c o n t e n t  in  a s emi  p l a n t  B u h l e r  
C y h n d e r  Mill, w h e r e b y  w h i t e  (f irst-clear)  f lour  was  o b t a i n e d  at  l o n g  e x t r a c t i o n  of 
87.5%. F o u r  d i f f e ren t  b r e a d  types  w e r e  ana lyzed :  ba l ad i  b read ,  p r e p a r e d  f r o m  e i t h e r  
w h i t e  or l ow-grade  f lour  (a f la t  c i r cu l a r  loaf  c o m p o s e d  of two  layers  w i t h  n o  c rumb) ;  
f r e n c h  bread ,  p r e p a r e d  f r o m  w h i t e  flour.  D ie te t i c  b r e a d  a n d  b i s cu i t s  we re  d i s c u s s e d  
in s e p a r a t e  r e p o r t s  ( u n d e r  pub l ica t ion) .  Bel i la  was  p r e p a r e d  in  t he  l a b o r a t o r y  
a c c o r d i n g  to t h e  t r ad i t i ona l  b a t c h  p r o c e d u r e  u s i n g  o p e n - p o t  m e t h o d .  T h e  w h e a t  
g ra ins  we re  c o o k e d  in  w a t e r  (1:5) u n t i l  t h e y  c racked ,  a n d  a n  e x p a n d e d  s t r u c t u r e  was  
c rea ted .  
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Preparation of  sample for analysis: 

Sample s  were  p repa red  for analysis  by d ry ing  in a s low s t ream of unhea t ed  air. 
They  were  then  g round  in an  electr ic  mi l l  and kep t  in an air-t ight conta iners  unt i l  
used.  Milled samples  were  analyzed  for c rude  pro te in  by the  semi-micro  Kjeldah] 
m e t h o d  (2). The  samples  w e r e  analyzed  for amino  acids  by  the  m e t h o d  of Heese et 
al. (7). The  resul ts  were  e x p r e s s e d  as mg/g  ni t rogen.  Chemica l  scores  were  calcu- 
la ted on the  basis of the  lys ine  con ten t  of 344 mg/g nitrogen in t he  1973 re fe rence  
amino-ac id  pa t t e rn  (25). 

Rat feeding experiment: 

Male Sp rague -Dawley  rats aged  21 _ 2 days at arr ival  were  housed  e n v i r o n m e n -  
tal control .  The  e x p e r i m e n t s  co r r e spond  near ly  wi th  the  expe r imen t a l  p rocedure  
desc r ibed  by the  G e r m a n  g roup  on P ro t e in  Eva lua t ion  (18). Fo r  the  first  th ree  days  
t he  rats were  fed equa l  par ts  of all e x p e r i m e n t a l  diets.  Af te r  three  days  the  food was  
r e m o v e d  for 6 hours ,  and the  rats were  we ighed  and d is t r ibu ted  over  10 b locks  of 
6 rats of equa l  weights .  Within  each  block,  the  rats were  r andomised  for diet  and 
cage. A cont ro l  group was ki l led for carcass  analysis.  In  each  e x p e r i m e n t  one  g roup  
r ece ived  a prote in- f ree  die t  wh ich  cons i s ted  of the  fo l lowing (in %): co t ton  seed  oil, 
5; salt  m i x  (18), 6; v i t amin  m i x  (18), 2; cel lulose,  4; cornstarch,  83. Three  g roups  of six 
an imals  each  r ece ived  diets  wh ich  con ta ined  three  levels  of case in  + d l -meth ionine .  
At  the  two lower  d ie tary  pro te in  levels  (3.5, 7.0%), the casein  diets were  supple-  
m e n t e d  wi th  0.3% dl -meth ion ine ;  w h e r e b y  at 10% dietary pro te in  level,  the  case in  
diets  were  s u p p l e m e n t e d  wi th  0.5% dl -methionine .  

Three  groups  of six an imals  each  rece ived  diets  con ta in ing  3.5, 7.0 and  10.0% 
prote in  de r ived  f rom the  whea t  p roduc t  unde r  test. The  die t  was p repa red  by  
subs t i tu t ing  whea t  or  its p rocessed  p roduc t  for the s tarch in the  prote in-f ree  diet;  
ce l lulose  was also omi t t ed  in th is  case. The  die tary  pro te in  levels  were  se lec ted  to 
cove r  the  wides t  r ange  possible ,  bu t  wi th  the  h ighes t  level  be low tha t  wh ich  
a l lowed  m a x i m u m  growth.  

F o o d  c o n s u m p t i o n  was measured ,  and n i t rogen  in take  was calcula ted for each  
an imal  f rom the  n i t rogen  con ten t  of the  diet. The  animals  were  we ighed  twice  
week ly  a l though  only the  final  weights  have  been  ut i l ized in the  analysis.  They  were  
ki l led on the  21st day, we ighed  and dr ied  at 95 ~ unt i l  cons tan t  we igh t  was 
obtained.  The  carcasses  were  then  mi l l ed  and the  pe rcen tage  dry  ma t t e r  was 
ob ta ined  by dry ing  at 105 ~ 

B o d y  water  gain wi th  a pro te in  source  was calculated.  The  body  wa te r  va lues  of 
a g roup  of animals  ki l led at the  start  of the  e x p e r i m e n t  were  used  to calcula te  the  
or iginal  body  wa te r  of each  animal ,  and then  calcula te  the  gain  in body  wa te r  of 
each  an imal  dur ing  the  expe r imen t ,  thus  i m p r o v i n g  the  prec is ion  of the  assay us ing  
body  water  (12). 

Ni t rogen  in takes  versus  we igh t  gain or  change  in body  wate r  wi th in  a pro te in  
source  were  used  for the  s u b s e q u e n t  compu ta t i on  of regress ion  equat ions .  

Resul t s  and d i scuss ion  

P r o t e i n  c o n t e n t  a n d  a m i n o  a c i d  c o m p o s i t i o n  o f  w h e a t  g r a i n s  a n d  
p r o c e s s e d  w h e a t  p r o d u c t s  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  of  t h e  
a m i n o  a c i d  a n a l y s i s  i n d i c a t e  t h a t  l y s i n e  s h o u l d  b e  t h e  f i r s t  l i m i t i n g  a m i n o  
a c i d  i n  t h e  w h e a t  a n d  a l l  i t s  p r o d u c t s ,  a c c o r d i n g  to  t h e  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  o f  1973 (25). T h e  c o r r e s p o n d i n g  c h e m i c a l  s c o r e  r a n g e d  f r o m  21 
t o  49% in  t h e  b i s c u i t s  a n d  b a l a d i  b r e a d  f r o m  s e c o n d - c l a s s  f l o u r  r e s p e c t i -  
v e l y .  T h e  l a t t e r  v a l u e  is  s l i g h t l y  h i g h e r  t h a n  i t s  p a r e n t  w h e a t  (44%), a n d  is  
a t t r i b u t e d  to  t h e  b r a n  d u s t ,  w h i c h  is  u s u a l l y  h i g h  i n  l y s i n e  (4 g /16  g 
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nitrogen; 6), and which  is c o m m o n l y  placed on the board used for flatten- 
ing the dough  prior  to baking.  

Cooking  had no adverse effect on the proteins of the belila as indicated 
f rom its amino acid pattern. 

Threonine  followed by  isoleucine appear  to be the next  limiting amino 
acids in the whea t  prote ins  after lysine. Casein conta ined more  lysine, 
threonine  and t ryp tophan ,  bu t  less total sulfur amino acids than wheat  
proteins. 

The data obtained in the four feeding exper iments  are presented  in 
table 2. This table shows the mean  weight  gain, gain in body  water  and 
prote in  efficiency ratio (PER). The (PER) values reveal that  the wheat  
belila (PER = 1.8) and  the baladi bread from the second-class flour (PER = 
1.8) had  bet ter  protein quali ty at the 10% dietary protein level than  the 
whea t  grains (PER = 1.6). The difference did not  yet  reach a statistical 
level (P > 0.05). All types  of bread prepared  f rom white flour (72% extrac- 
tion) had lower (PER) values, (1.24 _+ 0.05 and  0.98 _ 0.17 for baladi bread 
and f rench bread respectively) compared  to the cor responding  values of 
the whea t  grains (P > 0.01). 

Net prote in  utilization (NPU) and Pro te in-produkt iver  Wert (PPW) 
values were  presented  in figures 1 and 2. Correct ion for main tenance  need  
in the calculat ion of the (NPU) values (represented by the values obta ined 
f rom rat fed the protein-free diet) was done  as sugges ted  by Mil ler  and 
B e n d e r  (17). Determinat ion  of the protein value below main tenance  (3.5, 
7.0% dietary prote in  level) by  the protein utilization gave er roneously  high 
estimates,  because  of the error involved in subtract ing two small numbers ;  
namely  change  in body  ni t rogen f rom body  ni t rogen lost  by  the group on 
the protein-free diets; each with a possible exper imenta l  error. 

Weight gain is p lot ted against  ni t rogen intake in figure 3, which  also 
shows the regression equat ions  of the lines. The slopes obtained with the 
casein + meth ion ine  diets were set equal 100. The relative nutri t ive value 
(RNV) which  is the slope of the test protein expressed  as the percentage  of 
the slope obta ined with casein + methionine.  It can be noted also that  
several of the whea t  p roducts  yielded higher  intercepts (weight gain 
predic ted  at zero intake f rom the regression line) than the intercepts 
obtained wi th  casein or the value found by feeding protein-free diets. This 
is characterist ic for proteins deficient in their lysine conten t  (12). 

The relative nutri t ive values of the processed wheat  rank baladi bread 
f rom second-class  flour (87.5% extraction) and belila as the highest,  with 
values of 53 and  55% of the casein diets. In  the last co lumn  the utilizable 
protein (in %) is also given. This index was obta ined by comput ing  the % 
relative nutri t ive value of the test highest  value of 7.6 followed by belila, 
which  had  a value of 7.0%. 

The changes  in b o d y  water  were treated similarly and plotted versus 
n i t rogen intake (fig. 4). The regression lines were drawn, and the corre- 
sponding  slopes of the lines were obtained for the calculation of the 
relative nutri t ive value of the wheat  products ,  table 3; co lumn  8. 

The correlat ion be tween RNV and chemical  score is h ighly significant 
(RNV based on changes  in b o d y  weight,  RNV = 0.8466, P < 0.01). 
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The correlat ion be tween gain in weight  and net  increase in body  water  
was highly significant, it ranged between 0.77 for dietetic bread and 0.95 
for the groups  fed wheat  grains or bread. 

The slope-ratio bioassay was used in the present  s tudy  to assess the 
protein quali ty of wheat  and its processed products .  The scatter d iagrams 
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of the  da ta  for  i nd iv idua l  an ima l s  sugges t ed  tha t  the  d o s e - r e s p o n s e  curves  
are l inear.  There  was  no cu rva tu re  in  the  g rowth  of an ima l s  fed the  
p ro t e in s  u n d e r  s tudy.  

The  (NPU) va lues  were  cons t an t  for casein,  fed at  d i f fe ren t  d i e t a ry  
p ro te in  levels,  c o m p a r e d  wi th  N P U  va lues  of the  w h e a t  and  its p r o d u c t s  
w h i c h  were  e r r o n e o u s l y  h igh  at  the  low d i e t a ry  p r o t e i n  levels ,  and  t e n d e d  
to dec rease  d r a m a t i c a l l y  once  the  d i e t a ry  p ro t e i n  level  was  ra i sed  to a b o u t  
10%. 
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B a s e d  o n  the  r e f e r e n c e  a m i n o  ac id  p a t t e r n  (25), a n d  f r o m  the  ra t  g r o w t h  
data ,  t he  w h e a t  g r a in s  h a d  a p r o t e i n  q u a l i t y  of 44. Th i s  f igure  agrees  q u i t e  
we l l  w i t h  the  v a l u e s  of 37-45 f o u n d  b y  K o f r a n y i  a n d  M u l l e r - W e c k e r  (13) 
a n d  b y  Y o u n g  et  al. (24) f r o m  n i t r o g e n  b a l a n c e  s t u d i e s  o n  y o u n g  m e n .  
E s t i m a t e s  of t he  m i n i m u m  da i ly  r e q u i r e m e n t  of w h e a t  p r o t e i n s  w e r e  in  
ave rage  180 m g  p r o t e i n / r a t / d a y .  The  e s t i m a t e s  are  the  i n t a k e s  in  mi l l i -  
g r a m s  w h e r e  t he  r e g r e s s i o n  l ine  i n t e r s e c t s  t he  X ax is  t h r o u g h  t he  p o i n t  
r e p r e s e n t i n g  zero c h a n g e  in  the  r e s p o n s e  p a r a m e t e r .  Th i s  va lue ,  r o u g h l y  
3.6 g p r o t e i n / k g / b o d y  we igh t / day ,  c o i n c i d e s  e x a c t l y  w i t h  t he  to ta l  p r o t e i n  
n e e d  s u p p l i e d  b y  w h e a t  f lour  for c h i l d r e n  7 yea rs  old, a c c o r d i n g  to the  
e s t i m a t i o n  of H e g s t e d  (12). I t  is h i g h e r  t h a n  t ho se  r e q u i r e d  for y o u n g  m e n ;  
1.0-1.1 g w h e a t  p r o t e i n s / k g / d a y  (20, 13). 

C o o k i n g  i m p r o v e d  t he  p r o t e i n  q u a l i t y  of the  bel i la ,  w h i c h  is i n  agree-  
m e n t  w i t h  p r e v i o u s  r e p o r t s  by  B e a u d o l n  et  al. (3). Mi l l ing  a n d  b a k i n g  of 
d a r k  f lour  i n to  b a l a d i  b r e a d  r e s u l t e d  in  a b e t t e r  p r o t e i n  q u a l i t y  of t he  
p r o d u c t  c o m p a r e d  to the  p a r e n t  w h e a t  w h e n  t h e  m e a s u r e  of r e s p o n s e  was  
ga in  in  we igh t .  I t  is n o w  a g r e e d  tha t  w h e r e  b o d y  w e i g h t  c h a n g e  is t he  m a i n  
c r i t e r ion ,  t he  n e t  ef fect  of a d i e t a ry  a d d i t i o n  wil l  be  the  r e s u l t a n t  of two 
va r i ab l e s ,  t he  a m o u n t  of food  e a t e n  a n d  t he  p h y s i o l o g i c a l  effects  of its 
n u t r i e n t  c o n t e n t .  W h e n  b o d y  w a t e r  was  the  m e a s u r e  of r e sponse ,  the  
p r o t e i n  q u a l i t y  of w h o l e  w h e a t  r a n k s  h ighes t ,  c o m p a r e d  to i ts  p r o c e s s e d  
p r o d u c t s .  

I t  is n o w  b e c o m i n g  m o r e  e v i d e n t  t h a t  a n i m a l s  c a n  a d a p t  t h e m s e l v e s  to 
low l y s i n e  diets ,  s i nce  t he  m e a n  e s t i m a t e  of l y s i n e  for  m a i n t e n a n c e  is 
0.09% of t he  diet ,  a n d  for  g r o w t h  0.9% of the  d ie t  (22). 

I n  c o n c l u s i o n ,  the  s lope- ra t io  b i o a s s a y  l e n d s  i t se l f  for  r o u t i n e  eva lua -  
t i o n  of food  p r o t e i n s  a n d  for s c r e e n i n g  t he  p r o t e i n  q u a l i t y  of n e w  foods  
be fo re  t h e y  are  i n t r o d u c e d  in  the  marke t .  

S u m m a r y  

The amino acid analysis revealed that wheat grains, white and dark flour, baiadi 
bread prepared from white or dark flour, bread prepared from formulae enriched 
with gluten and biscuits are poor in lysine with chemical scores ranging between 20 
and 49. The assessment of the protein quality of wheat and related products was 
done by slope ratio bioassay. Results based on slopes relative to those of reference 
casein + methionine ranked bread prepared from dark flour and cooked wheat 
(belila) as the highest in their protein quality, followed by their parent; wheat (RNV 
= 44). Dietetic bread with gluten had RNV = 20-24; owing to its high protein 
content  (38%), its utilizable protein approached that of good proteins (8%). Very 
high significant correlation existed between the two measures of response; gain in 
weight and net increase in body water as response of nitrogen intake. 

Zusammenfassung  

Das Aminos~iurenmuster yon Weizenkernen, ungekocht und  gekocht (Belila), 
WeiB- und  Braunweizenmehl und  Baladibrot, hergesteUt aus WeiB- oder Braun- 
mehl, Kaviarbrot, eiweiBreichem Glutenbrot  und Biskuit wurde ermittelt. Proteine 
der Weizenkerne und  deren Produkte sind arm an Lysin, mit  Werten zwisehen 20 
und 49. Der Proteinn~ihrwert wurde im Rattenversueh mittels der Methode der 
Dosierung dureh den Biotest ermittelt. Kaseindi~it + DL-Methioninsupplement 
diente ais Referenzsubstanz. Baladibrot und  gekoehte Weizenkerne haben die 
h6chsten biologischen Proteinwerte gezeigt (53-55% im Vergleich zu Kasein-Refe- 
renz-Di/it). 
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