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I n  the  ea r ly  1960 w i d e - s p r e a d  i n t e r e s t  was  a r o u s e d  i n  t he  i n t e r n a t i o n a l  
c o m m u n i t y  a b o u t  t he  d e v e l o p m e n t  of l ow-cos t  n u t r i t i o u s  food  f r o m  
u n c o n v e n t i o n a l  sources .  P a r t l y  t he  e x c i t e m e n t  w a s  c a u s e d  b y  i n c r e a s e d  
r e c o g n i t i o n  of t h e  i m p o r t a n c e  o f  m a l n u t r i t i o n ,  b u t  u n c e r t a i n t y  a b o u t  
c o n t i n u i n g  s u p p l y  f r o m  e x i s t i n g  n u t r i t i o u s  s o u r c e s  p l a y e d  a n  i m p o r t a n t  
role.  

P r o t e i n  m a l n u t r i t i o n  is w i t h o u t  d o u b t  t he  m a i n  n u t r i o n a l  p r o b l e m  
fac ing  l o w - i n c o m e  c o u n t r i e s .  T h e  f a m i l y  of food  t h a t  h a s  r e c e i v e d  t h e  m o s t  
a t t e n t i o n  as for t i f iers  or i n g r e d i e n t s  of t he  f o r m u l a t e d  foods  are  t he  
o i l seeds .  T h e  p r i n c i p a l  d i f f i cu l t i es  i n  e x p l o i t i n g  t h e m  for  h u m a n  c o n s u m p -  
t i o n  a re  color ,  t ox ic  factors ,  d iges t i b i l i t y  a n d  pa l a t ab i l i t y .  

S i n g l e  cel l  p ro t e in ,  f ish p r o t e i n  c o n c e n t r a t e ,  leaf  p r o t e i n  c o n c e n t r a t e  
a n d  w h e a t  p r o t e i n  c o n c e n t r a t e  are  u s e d  p r i m a r i l y  in  a n i m a l  feed. W h e t h e r  
t h e s e  p r o t e i n  s o u r c e s  c a n  b e  i n c o r p o r a t e d  i n t o  d ie t s  or  as a b a s e  i n  
f o r m u l a t e d  foods  m e r i t s  c o n s i d e r a b l e  exp lo i t a t i on .  

I n  t he  p r e s e n t  s tudy ,  s o m e  b y - p r o d u c t s  of food  p r o c e s s i n g s  w e r e  
e v a l u a t e d  as u n c o n v e n t i o n a l  sou rce s  of food p ro t e in s .  O n e  of t h e s e  by-  
p r o d u c t s  are  a p r i c o t  seed  ( P r u n u s  a r m e n i a c e )  k e r n e l s .  

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

Selection and preparation of samples: 

1. H a m a w y  apricot kernels  (Sweet): Dried apricot fruits (var. Hamawy) were 
obtained from E1-Kharga oases. Kernels were removed manual ly  and ground for 
analysis. 

2. A m a r  apricot kernels  (bitter): The seed was obtained as by-products form kaha 
(food processing factory). Kernels were manual ly removed, and divided into two 
parts. The first part was ground for analysis. The second one was treated in 
different ways to reach the best method for removing bitterness. The best method 
found was by boiling the kernels for 30 minutes in 0.1% sodium bicarbonate 
solution, soaking for 24 hours in runn ing  tap water and then drying at 100 ~ The 
dried kernels were ground for analysis. 

Chemical analysis 

Moisture, crude protein, ether extract, ash, and phosphorus were determined 
according to the methods recommended by the Association of Official Agricultural 
Chemists (1965). Soluble proteins were extracted at 20 ~ and nitrogen was deter- 
mined  in both the extract and residue. Fiber  was determined according to Pearson 
(1962). The method used for iron determination was that of Elvehjem (1930). 
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C a l c i u m  was  d e t e r m i n e d  a c c o r d i n g  to  K r a m e r  (1921). C a r b o h y d r a t e  c o n t e n t  was  
ca l cu la t ed  b y  d i f fe rence .  T h e  d r i ed  de fa t t ed  s a m p l e s  we re  s u b j e c t e d  to ac id  hy-  
d ro lys i s  for  24 hour s .  T h e  a m i n o  ac ids  in  t h e  h y d r o l y s a t e s  w e r e  s e p a r a t e d  b y  t h e  
t w o - d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h i c  t e c h n i q u e  of B l o c k  e t  al. (1958). T h e  
s o l v e n t s  u s e d  w e r e  bu t ano l ,  ace t i c  acid,  a n d  w a t e r  (4 : 1 : 5) in  t h e  f i rs t  r u n  a n d  0.3 % 
a m m o n i a  in  80 % p h e n o l  in  t h e  s e c o n d  run .  

Q u a n t i t a t i v e  d e t e r m i n a t i o n  w as  m a d e  w h e n e v e r  pos s ib l e  for  s o m e  of t h e  sepa-  
r a t ed  a m i n o  ac ids  u s i n g  t h e  m e t h o d  of Gir i  e t  al. (1952). T r y p t o p h a n  was  n o t  
d e t e r m i n e d ,  as  i t  is d e s t r o y e d  b y  ac id  hydro lys i s .  

Biological evaluation of  the seed's protein 

T h e  fo l lowing  basa l  d i e t  (Campbe l l ,  1961) was  used :  
C o r n  s t a r c h  80 g 
C o t t o n  seed  oil 10 g 
Cel lu lose  5 g 
Sa l t  m i x t u r e  4 g 
V i t a m i n  m i x t u r e  1 g 

T h e  sal t  m i x t u r e  u s e d  w as  t h a t  of H u b b e l  e t  al. (1937), a n d  t h e  v i t a m i n  m i x t u r e  
was  t h a t  of C a m p b e l l  (1961). T h e  d r i e d  d e f a t t e d  s a m p l e s  w e r e  a d d e d  a t  t he  e x p e n s e  
of s t a r c h  to p r o d u c e  10 % p r o t e i n  level .  C a s e i n  w as  u s e d  in  t h e  s t a n d a r d  diet .  

D e t e r m i n a t i o n  of t h e  p r o t e i n  e f f i c iency  ra t io  (P.E.R.): T h e  m e t h o d  u s e d  was  t h a t  
of C a m p b e l l  (1961). W e a n l i n g  a lb ino  ra t s  of a s ing le  s t ra in ,  20-23 days  old, w e r e  
used .  T h e  ra t s  w e r e  d e r i d e d  i n to  g r o u p s  of 6 a n i m a l s  for  e a c h  diet .  T h e  g r o u p s  w e r e  
equa l i zed  as n e a r l y  as pos s ib l e  w i t h  r e s p e c t  to s ex  a n d  weigh t .  Die t s  a n d  w a t e r  w e r e  
s u p p l i e d  ad  l i b i t um.  T h e  e x p e r i m e n t  w as  e x t e n d e d  to four  weeks ,  a t  t h e  e n d  of 
w h i c h  ca l cu l a t i ons  of t h e  p r o t e i n  e f f i c i ency  ra t ios  (P.E.R.) we re  m a d e  for  e a c h  rat .  

g ga in  in  b o d y  w e i g h t  
W h e r e  P.E.R.  

g p r o t e i n  i n t a k e  

P.E.R.  for  e x p e r i m e n t a l  d i e t s  w e r e  r e c a l c u l a t e d  as  p e r c e n t a g e  of t h a t  for  casein .  
D e t e r m i n a t i o n  of t h e  n e t  p r o t e i n  ra t io  (N.P.R.): A con t ro l  g r o u p  of ra t s  of n e a r l y  

equa l  w e i g h t  a n d  age  as  in  P.E.R.  e x p e r i m e n t  w as  f ed  a p ro te in - f r ee  (basal)  d ie t  for  
10 d a y s  to d e t e r m i n e  t h e  loss  in  w e i g h t  c o r r e s p o n d i n g  to t h e  m a i n t e n a n c e  requ i re -  
m e n t s  of t h e  rats .  A n  a p p r o x i m a t e  e s t i m a t e  of N.P.R.  was  d o n e  for  t he  fou r -week  
p e r i o d  f r o m  t h e  loss  in  w e i g h t  of g r o u p  m e a n s  o v e r  10-day per iod .  

N.P.R. = 

w e i g h t  ga in  of t e s t  p r o t e i n  g r o u p  
+ 

w e i g h t  loss  of t h e  p ro t e in - f r ee  d ie t  g r o u p  
p r o t e i n  i n t a k e  

Blood analysis 

At  t h e  e n d  of t h e  e x p e r i m e n t a l  per iod ,  r a t s  w e r e  k i l l ed  b y  c h l o r o f o r m ,  a n d  b l o o d  
s a m p l e s  w e r e  t a k e n  b y  c a r d i o p u n c t u r e .  T h e  to ta l  s e r u m  p r o t e i n  was  d e t e r m i n e d  b y  
K j e l d a h l  m e t h o d  a c c o r d i n g  to t h e  A.O.A.C. (1965). S e r u m  s a m p l e s  of 0.2 m l  w e r e  
s u b j e c t e d  to  e l e c t r o p h o r e t i c  s e p a r a t i o n  of p ro te ins .  T h e  a p p a r a t u s  u s e d  w a s  t h a t  of 
E l p h o r  a n d  t h e  s e p a r a t i o n  w as  ca r r i ed  ou t  a t  p H  8.9 for  18 h o u r s  u s i n g  D u r r u m  
m e t h o d  (1950). T h e  dye  u s e d  w a s  b r o m o p h e n o l  b lue .  E l u t i o n  of t h e  s t a i n e d  b a n d s  
was  ca r r i ed  o u t  u s i n g  0.5 % so lu t ion ,  a n d  t h e  a l b u m i n / g l o b u l i n  ra t io  was  de te r -  
m i n e d  co lor imet r ica l ly .  T h e  free  n o n - e s s e n t i a l / e s s e n t i a l  a m i n o  ac id  ra t io  was  de te r -  
m i n e d  u s i n g  t h e  m e t h o d  of A b d o u  a n d  A w a d a l l a  (1973). 
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R e s u l t s  and d i s c u s s i o n  

Table 1 shows the percentage  of flesh, seed, shell, and kernel  in the 
apricots  used. The percentage  of kernel  in seed was found  to be 34.4 and 
31.4 for H a m a w y  and Amar  varieties, respectively.  

Table 2 shows the  percentage  of mois ture  in the  different  samples,  and 
the percentage  of c rude  protein, ether  extract,  fiber, ash, and carbohydra te  
in the same samples  on dry-weight  basis. 

I t  is clear f rom table 2 tha t  t reated apricot  kernels  conta ined a h igher  
percen tage  of mois ture  c o m p a r e d  wi th  the un t rea ted  ones. These  results 
are in agreement  with those found  by  Dang et al. (1964), us ing the two 
Ind ian  varieties, Morpanka  with sweet  kernels  and  Chavau with bitter 
kernels. They  gave values that  are in the same range as those  repor ted  
here. I t  is clear f rom this table, too, that  apricot  kernels  are a good  source 
of prote in  and fat. Data regarding the solubility of prote in  of the apricot  
kernels  are shown  in table 3. It  is clear tha t  the a m o u n t  of prote in  
ext rac ted  by  cold water  in the different samples of apricot  kernels  is 
approx imate ly  the same. 

Trea tmen t  of A m a r  apricot  kernels to r emove  bi t terness decreased the 
a m o u n t  of prote in  extracted by  boiling water,  wh ich  m a y  be due to protein 
denatura t ion  dur ing t reatment .  

Table 4 shows the amoun t s  of phosphorus ,  ca lc ium and iron in the 
different  samples.  The am oun t s  of phospho rus  and ca lc ium in A m a r  
kernels  are h igher  than  the cor respond ing  values in H a m a w y  kernels.  The 
t rea tment  process  caused a considerable  loss in phosphorus .  

Apr icot  kernels  are reasonably  good  sources of iron. The three investi- 
gated apricot  kernels  were found to contain  the amino acids: cystine, 
aspart ic  acid, serine, g lu tamic  acid, glycine, threonine,  lysine, histidine, 
arginine, alanine, methionine,  valine, phenyl-alanine,  isoleucine and 

Table 1. The percentage composition of flesh, seed, shell and kernel in apricots. 

Hamawy Amar 

Flesh 90.7 88.5 
Seed (shell + kernel) 9.3 11.5 
Shell 6.1 7.9 
Kernel 3.2 3.6 

Table 2. The percentage of macronutrients in apricot seed kernels calculated on dry- 
weight basis. 

Sample Crude Ether Fiber Ash Carbo- Moisture 
protein extract hydrate 

Hamawy 23.74 50.91 15.08 2.46 7.81 5.15 
Amar (treated) 25.46 42.21 18.02 1.74 12.76 29.11 
Amar (bitter) 25.70 46.53 17.27 2.19 8.31 18.93 
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Table 4. Phosphorus, calcium and iron content of the different samples of apricot 
kernels (mg/100 g dry material). 

Sample Phosphorus Calcium Iron 

Apricot kernels 
Hamawy 88.9 138.08 14.84 
Amar (bitter) 144.9 183.36 14.99 
Amar (treated) 93.3 175.45 13.65 

leucine. T r y p t o p h a n  was  no t  de te rmined  as it is des t royed  by  the acid 
hydrolysis .  Tryosine  was found  in the unt rea ted  kernels and disappeared 
in the  t reated one. 

On the other  hand,  proline was found only in the treated kernels. 
Table 4 shows the quant i ta t ive de terminat ion  of some amino acids in 

the invest igated apricot  kernels. 
Lys ine  was low in all tested samples.  
Hollabo (1972) repor ted  that  sulfur-containing amino acids were com- 

pletely miss ing f rom treated apricot  kernel  cake, wh ich  was not  the case 
here. This difference might  be due  to the different me thods  employed  for 
r emov ing  bitterness.  

He conc luded  that  apricot  kernel  cake prote in  was h igher  in valine 
and isoleucine and lower  in lysine than  the F.A.O. reference protein. 

Biological results 

Table 6 shows the P.E.R. values of the different samples together with 
casein (control diet) 10 % level of protein intake. The protein level in diets 
containing apricot kernels was 10 %. 

This level was recommended by Mitchell et al. (1962) for evaluating 
proteins for maintenance and growth. 

Values for the protein efficiency ratio show the protein of treated 
apricot kernels, in which bitterness was removed to be of lower value than 
that of Hamawy kernels. Diet containing the Amar apricot kernels (bitter) 
just maintained the body weight of rats, growth was zero, and hence the 
P.E.R. was zero. The food intake was markedly lowered in this case. 

On the protein-free diet, the average daily loss in body weight over 
i0 days period was 1.01 g/rat with standard deviation equal to + 0.07. The 
net protein ratio for Hamawy kernels was found to be approximately 
similar to that of Amar kernels, while the treated kernels show a higher 
N.P.R. than the previous ones. These results are different from those 
obtained by the P.E.R. method. The N.P.R. is more valid than the P.E.R. 
for evaluating poor quality proteins, which do not promote growth as it 
makes allowance for the maintenance requirements. 

The nutritive values of proteins for maintenance have been shown to be 
different  f rom those  for g rowth  depend ing  u p o n  qualitative differences in 
amino acid requirements ,  or qui te  likely upon  the relative rats of biosyn- 
thesis in the metabol i sm of ma in tenance  as compared  wi th  the metab- 
olism of growth.  Osborne  et al., 1911, found  casein to be superior  to edestin 
for growth,  bu t  for ma in tenance  the reverse was  true. Mitchel et al. 1950 
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f o u n d  b e e f  m u s c l e  to  b e  s u p e r i o r  to  w h e a t  g l u t e n  fo r  g r o w t h ,  w h i l e  for  
m a i n t e n a n c e  t h e y  w e r e  n e a r l y  e q u a l .  F o r  m a i n t e n a n c e  of  t h e  t i s s u e s  i t  is  
k n o w n  t h a t  p r o t e i n s  i n c o m p l e t e  in  o n e  o r  m o r e  of  t h e  e s s e n t i a l  a m i n o  
a c i d s  m a y  n e v e r t h e l e s s  b y  u s e d  for  t h e  p a r t i a l  r e p l a c e m e n t  of  n i t r o g e n .  

T a b l e  7 s h o w s  t h e  a v e r a g e  t o t a l  p r o t e i n s ,  a l b u m i n / g l o b u l i n  r a t i o  a n d  
t h e  f r ee  n o n - e s s e n t i a l / e s s e n t i a l  a m i n o  a c i d s  in  s e r u m  of  r a t s  f e d  t h e  
d i f f e r e n t  k i n d s  of  d ie t s .  T h e  r e s u l t s  a r e  in  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  
fo r  t h e  P .E .R .  v a l u e s ,  w h i c h  a r e  b a s e d  o n  t h e  e f f ec t  of  p r o t e i n  i n  s t i m u l a t -  
i n g  g r o w t h .  

F o r m a t i o n  of  a l b u m i n s  of  p l a s m a  a p p e a r s  to  b e  l i m i t e d  in  t h e  l iver .  I t  
h a s  b e e n  k n o w n  t h a t  t h e  s y n t h e s i s  of  p l a s m a  p r o t e i n s  is  d e p e n d e n t  o n  t h e  
p r e s e n c e  of  t h e  e s s e n t i a l  a m i n o  ac id s ,  a n d  a u g m e n t e d  w h e n  s u p -  
p l e m e n t e d  b y  a g e n e r o u s  s u p p l y  of  t h e  n o n - e s s e n t i a l  a m i n o  ac ids .  A h i g h  
l e v e l  of  a m i n o  a c i d s  f a v o r s  t h e  s y n t h e s i s  of  p l a s m a  a l b u m i n  f r ac t ion .  W h e n  
t h e  a m i n o  a c i d  l e v e l  is  low,  t h e r e  is  a p r e f e r e n t i a l  s y n t h e s i s  of  p l a s m a  
g l o b u l i n .  A b o u t  80 % of  p l a s m a  g l o b u l i n  is  s y n t h e s i z e d  b y  t h e  l iver ,  w h i l e  
t h e  r e s t  m a y  b e  s y n t h e s i z e d  b y  e x t r a h e p a t i c  t i s s u e s .  

I t  w a s  n o t i c e d  t h a t  s u b j e c t s  o n  a n  i n a d e q u a t e  p r o t e i n  d i e t  m a i n t a i n  a 
n o r m a l  c o n c e n t r a t i o n  of  p l a s m a  g l o b u l i n ,  w h i l e  t h e  a l b u m i n  f r a c t i o n  fal ls .  
T h i s  is  b e c a u s e  o f  a p r o p e n s i t y  of  t h e  l i v e r  to  p r o d u c e  g l o b u l i n  r a t h e r  t h a n  
a l b u m i n  as  t h e  b l o o d  a m i n o  a c i d  l e v e l  fal ls .  

I n  s t a t e s  of  p r o t e i n  d e p r i v a t i o n ,  c e r t a i n  t i s s u e s  a r e  a b l e  to  c o n t r i b u t e  
s i g n i f i c a n t  q u a n t i t i e s  of  t h e i r  p r o t e i n  for  t h e  p r e s e r v a t i o n  of  c e r t a i n  v i t a l  
f u n c t i o n s .  T h e s e  i n c l u d e  t h e  p l a s m a  p r o t e i n s  ( h o w e v e r ,  o t h e r  t i s s u e  p r o -  
t e i n s  a r e  u s u a l l y  s a c r i f i c e d  to  p r o v i d e  p l a s m a  p r o t e i n s ) ,  p r o t e i n s  of  t h e  
l i ve r ,  g a s t r o i n t e s t i n a l  t r a c t  a n d  k i d n e y .  A s  m i g h t  b e  e x p e c t e d ,  d i e t a r y  
p r o t e i n s  e f f e c t i v e  in  t h e  r e p l e t i o n  of  t h e  p r o t e i n  of  o n e  d e p l e t e d  t i s s u e  
o f t e n  a r e  i n e f f e c t i v e  in  t h e  n u t r i t i o n  of  a n o t h e r .  

I n  t h e  p r e s e n t  s t u d y ,  t h e  r e s u l t s  r e v e a l e d  t h a t  t h e  e f f ec t  of  e x p e r i m e n t a l  
d i e t s  o n  g r o w t h  of  ra t s ,  m e a s u r e d  as  t h e  p r o t e i n  e f f i c i e n c y  ra t io ,  w a s  

Table 7. The average total  proteins,  a lbumin/globul in  ratio and the free non- 
essential /essential  amino acids in serum of rats fed the different types  of diets. 

Protein  Total  protein Albumin  Non-essential/  
G % + S.D. globulin essential  

+ S.D. amino acids + S.D. 

Casein 10 % 7.25 __. 0.155 1.58 __ 0.032 2.2 __ 0.062 

Hamawy apricot  
kernels  10 % 5.23 ___ 0.100 1.07 _ 0.022 3.24 __ 0.104 

Amar  apricot  
kernels  10 % 4.41 __ 0.407 0.80 _ 0.018 4.08 _ 0.188 

Treated apricot  
kernels  10% 4.78 ___ 0.034 0.93 - 0.045 3.43 • 0.062 

Protein-free 
diet  3.18 • 0.193 0.77 -- 0.051 4.41 _ 0.119 
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pa ra l l e l  to  t h e  e f f e c t  o b t a i n e d  on  t h e  b l o o d  c r i t e r i a  a n d  d i f f e r e n t  f r o m  t h a t  
o b t a i n e d  r e g a r d i n g  t h e  e f f e c t  o n  b o t h  w e i g h t  m a i n t e n a n c e ,  a n d  g r o w t h  as 
m e a s u r e d  by  t h e  n e t  p r o t e i n  rat io.  

Summary  

Hamawy apricot seed kernels (sweet), Amar  apricot seed kernels (bitter) and 
treated Amar apricot kernels (bitterness removed) were evaluated biochemically. 

All kernels were found to be high in fat (49..2-50.91%), protein (23.74-25.70 %) and 
fiber (15.08-18.02 %). Phosphorus,  calcium, and iron were determined in all experi- 
mental  samples. 

The three different apricot seed kernels were used for extensive study including 
the qualitative determination of the amino acid constituents by acid hydrolysis, 
quantitative determination of some amino acids, and biological evaluation of the 
kernel proteins in order to use them as new protein sources. 

Weanling albino rats failed to grow on diets containing the Amar apricot seed 
kernels due to low food consumption because of its bitterness. There was no loss in 
weight  in that case. The Protein Efficiency Ratio data and blood analysis results 
showed the Hamawy apricot seed kernels to be higher in biological value than 
treated apricot seed kernels. 

The Net Protein Ratio data which accounts for both weight, maintenance and 
growth showed the treated apricot seed kernels to be higher in biological value than 
both Hamawy and Amar kernels. The Net Protein Ratio for the last two kernels 
were nearly equal. 

Key  words: apricot seed kernels, amino acid composition, PER-data 
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