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Cons ide r ab l e  a m o u n t  of w o r k  has  b e e n  ca r r i ed  out  d u r i n g  r ecen t  years  
on the  d e v e l o p m e n t  of p ro t e in - r i ch  food  m i x t u r e s  for  f eed ing  the  y o u n g  in 
deve lop ing  coun t r i e s  (1-8). Al l  food  m i x t u r e s  p r e p a r e d  b y  d i f fe ren t  
au tho r s  use, in  one  w a y  or  ano ther ,  m i l k  or  one  of i ts p r o d u c t s  as  the  m a i n  
source  of p ro t e in  in the i r  p repa ra t ions .  In  Egypt ,  as in  m a n y  o the r  deve lop -  
ing  count r ies ,  the  p r o d u c t i o n  of m i l k  is no t  suf f ic ient  to  s u p p l y  the  n e e d s  
of the  p o p u l a t i o n  (9, 10). Mi lk  p r o d u c t i o n  is seasonal ,  it  is no t  ava i l ab le  at  
l eas t  for  s o m e  t ime  d u r i n g  the  year .  F o r  t ha t  reason,  ef for ts  have  been  
m a d e  to use  p ro te in - r i ch  vege t ab l e s  in p r e p a r a t i o n  of food m i x t u r e s  suit-  
ab le  for  f eed ing  infants  and  p re - schoo l  c h i l d r e n  (9-12). 

I n sp i t e  of the  fact  t ha t  so m a n y  fo rmulae  of p ro te in - r i ch  food m i x t u r e s  
we re  s u g g e s t e d  b y  m a n y  schools ,  n o n e  of t h e m  were  c o m m e r c i a l l y  suc- 
cessful ,  e i the r  b e c a u s e  t hey  are  not  f o r m e d  f rom ava i l ab le  foods,  w h i c h  are  
w i t h i n  the  e c o n o m i c  ab i l i t i es  of t he  popu la t i ons ,  or  t h e y  are  no t  a c c e p t a b l e  
b y  m o t h e r s  a n d  ch i ld ren  a n d  are  no t  in  a g r e e m e n t  wi th  t he  ex i s t i ng  food 
habi t s .  

Tr ia ls  were  m a d e  for  t he  p r e p a r a t i o n  of food m i x t u r e s  b a s e d  on p o p u l a r  
d i shes  t ha t  are  eas i ly  p r e p a r e d  a n d  wel l  l i ked  by  m o s t  of t he  Egyp t i ans .  A n  
e x a m p l e  of such  rec ipes  a re  Fayesh ,  Beli la ,  K i s h k  and  Koshar i .  These  
p o p u l a r  d i shes  t o g e t h e r  w i t h  o the r  l e g u m e s  and  cerea l s  we re  i n t r o d u c e d  
in  our  d e s i g n e d  food mix tu res .  The  fo l lowing  nu t r i t i ona l  s tud ies  were  
u n d e r t a k e n  on such  mix tu re s .  

E x p e r i m e n t a l  
M a t e r i a l s  and m e t h o d s  

The ingredients used in this study are: cereals including rice and wheat; legumes 
including lentils, chick pea; fenugreek, soybean and sunflower; off seeds such as 
sesame and peanut flour; tubers: potato flakes; skim milk and yeast. 

Some of our ingredients were either cooked or processed before use. These are 
polished rice, decorticated lentils and chick peas. 

Cooking in water was done in a pressure cooker. Rice and wheat were cooked for 
10 minutes, lentils for 20 minutes and chickpeas for 30 minutes. The cooked 
ingredients were left to cool, spread on trays at one centimeter depth, then left to 
65O 
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dry in an air-drying oven at 60 ~ till dry. The chickpea seeds were dropped in 
boiling water  for 2 minutes before cooking in order to remove the seed coat. 

After cooking and drying, all ingredients were ground to fine powder  in a 
mechanical  grinder and stored in polyethene bags for analysis and for use in 
preparation of mixtures. 

Lime roasted chickpeas were purchased from the local market. It  has a golden 
yellow colour, rich in protein and calcium. 

Peanut  seeds were also purchased from the local market. They were roasted in 
drying oven at a low temperature,  then left to cool. Peanut  kernels (decorticated 
seeds) were ground into a thick paste using an electric blender. The peanut  but ter  
obtained was pressed in a hydraulic press to get rid of most  of the oil. The dry cake 
obtained was washed several t imes with ether. A fine peanut flour was obtained, left 
in air for one hour, then a current  of hot air was passed over the defatted peanut 
flour till it became free from any traces of ether. 

Crushed sesame seeds (tehena or sesame porate) were purchased from the local 
market. Oil was separated from tehena by filtering it through a Buchner  funnel 
using vacuum. The cake was pressed in a hydraulic press. Oil left in the cakes was 
removed, and sesame flour was prepared as described before in the preparation of 
the peanut flour. 

Other food commodities used in preparation of protein-rich food mixtures 

Among the popular dry food commodities used in our study are Kishk and 
Fayesh. They are rich in proteLn and are consumed by a large sector of the 
population. ITdshk and Fayesh were home-made especially for our work. 

Kishk is a fermented wheat-rnilk mixture, very common in most of the Arab 
world. It is a very popular food in upper Egypt. It is made of Laban Zeer (condensed 
sour milk) and wheat grains. The method of preparation of I<dshk is described 
before by Morcos (13). 

Fayesh is a home-made popular cake used in upper  Egypt. It is prepared from 
white wheat  flour, milk powder  and fat. 

Determination of  macronutrients 

The following analyses were undertaken on each one of the ingredients used in 
the preparation of all the food mixtures. Moisture, protein, fat, ash, fiber, calcium, 
phosphorus and iron were determined according to the O.A.A.C. (14). Total car- 
bohydrates were determined by difference. 

Determination of amino acids 

The amino acid patterns and contents of each of the test ingredients were 
determined after being hydrolysed with 6N-HC1, according to Khan and Baker  (15). 
Measured amounts  of the acid hydrolysates were spotted on Whatman No. 1 filter 
paper. Ascending paper chromatography technique was carried out using the 
buffered method of Levey and Chung (16). Under  these conditions of hydrolysis, 
t ryptophan was completely oxidised, and cystein and methionine so damaged that 
accurate est imation of these amino acids following hydrolysis was impossible. This 
effect of protein hydrolysis in the presence of large quantit ies of carbohydrates has 
been noticed by Lewis (17, 18), who observed that methionine was partially oxid- 
ised to its sttlphoxides and cystine almost  completely lost. The loss of cystine is 
possibly due to its combination with reducing sugars, consequently methionine, 
cystine and t ryptophan have had to be assayed separately by different techniques. 

Cystine and methionine were oxidised with performic acid, then determined 
according to the method  of Jamal ian  and Pellet  (19). The colorimetric method of 
Blauthi, Charezinski and Berbec (20), was followed for estimation of t ryptophan in 
the alkali hydrolysate. 



Morcos et al., l~otein-rich food mixtures for feeding ~ e  young  277 

Ten protein-rich baby food mixtures, AN70, AN71 . . . . .  ANTg were formulated 
on the basis of the analysis of the ingredients. The macronutrients of the suggested 
mixtures were also determined. The prepared formulated food mixtures were 
stored in polyethane bags under refrigeration for further nutritional studies 
(table 1~. 

Results 

Table I shows the macronut r ien t s  content  of raw ingredients.  Dry  yeas t  
conta ins  the  h ighes t  percen tage  of prote in  (43.0 %), while rice contains  the 
lowest  a m o u n t  of protein. Legumes  come  in be tween  where  their  prote in  
conten t  ranges  f rom 33.5 % in soybean  to 19.0 % in chick pea. Table 2 
shows the macronut r ien ts  conten t  of cooked  ingredients.  Tables 3, 4 and 5 
show the contents  of roasted ingredients  (peanut, ch ick  pea and  sesame) 
and the prepared  ingredients  (Fayesh and Kishk). Table 6 shows the 
essential  amino acid conten t  of different ingredients  used  in the formula- 
t ion of our  protein-r ich food mixtures.  Sesame flour is r ich in sulphur-  
conta in ing amino acids (289 mg/gN). Parboi led  whea t  and  sesame are the 
poores t  sources of lysine. Table 7 shows the  macronu t r i en t s  content  of the 
formula ted  food mixtures.  Their  prote in  con ten t  ranges  f rom 23.2 % to 
17.7 %. 

Discussion 

For  the prepara t ion of our  food mixtures  some  legumes  and  only seeds 
c o m m o n l y  cult ivated in the  coun t ry  were  used. The mixtures  were  pre- 
pared on the  basis of the fact tha t  l egumes  are deficient  in sulphur-  
conta in ing amino acids (meth ionone  and  cystine), whereas  cereals are 
deficient  in lysine. Mixing legumes  with cereals raised the  nutr i t ive value 
of the mixtures.  It  was found  that  t r ea tment  of such  prote in  sources by  
heat  either th rough  boiling, roasting, cooking  or autoclaving caused a 
marked  i m p r o v e m e n t  in their  taste. S o m e  of the ingredients  used in the 
formulat ion of the food mixtures  were  heat- t reated before being used in 
order  to get  rid of their  ant inutr i t ional  factors, to raise their  digestibili ty 
and to make  their  cons t i tuent  amino  acids more  available as it was advised 
before (21-25). This was conf i rmed  by  the pre l iminary  panel  test. 

Chemical  analysis p roved  that  such  t rea tments  have little effect on  the 
percentage  of nutr ients  found  in these ingredients,  wh ich  is in accordance  
with the results reached before (26, 27). The prote in  content  of our  formu- 
lated mix tures  ranged f rom 17.7 to 23.2 g %, which  is in ag reement  wi th  the 
r ecommenda t ions  of The Uni ted  Nat ions  for the prote in  requi rements  for 
chi ldren (28). 

Concern ing  the protein quali ty of our  formula ted  food mixtures,  they  
are cons idered  to be a supp lemen t  to the ord inary  diet  given to the  
chi ldren in Egypt ,  which  is poor  in protein. Defat ted sesame f lour was 
incorpora ted  in all the formula ted  mixtures  in order  to raise their  level of 
su lphur-conta in ing  amino acids and to make  their  pa t tern  of amino  acids 
near  to the  provisional  amino acid pat tern  r e c o m m e n d e d  by  the FAO (29), 
as it is a l ready k n o w n  that  sesame flour is the r ichest  source  of sulphur-  
conta in ing  amino  acids in all seeds. 
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T a b l e  1. F o r m u l a t e d  p r o t e i n - r i c h  food  m i x t u r e s .  

No. M i x t u r e  I n g r e d i e n t s  g/100 g 

1 A N  70 P o l i s h e d  r ice  40 
D e c o r t i c a t e d  lent i ls ,  c o o k e d  30 
D e f a t t e d  s e s a m e  f lour  20 
S k i m m e d  m i l k  p o w d e r  10 

2 A N  71 P o l i s h e d  r ice  35 
R o a s t e d  c h i c k  peas ,  d e h u l l e d  30 
Maize  f lour  10 
D e f a t t e d  s e s a m e  f lour  10 
S k i m m e d  m i l k  p o w d e r  15 

3 A N  72 P a r b o i l e d  w h e a t  60 
R o a s t e d  c h i c k  peas ,  d e h u U e d  18 
D r y  yeas t  2 
D e f a t t e d  s e s a m e  f lour  10 
S k i m m e d  m i l k  p o w d e r  10 

A N  73 F a y e s h  60 
R o a s t e d  c h i c k  peas ,  d e h u l l e d  20 
D e f a t t e d  s e s a m e  f lour  10 
S k i m m e d  m i l k  p o w d e r  10 

A N  74 F a y e s h  70 
D e f a t t e d  soy  f lour  10 
D e f a t t e d  s e s a m e  f lour  l0  
S k i m m e d  m i l k  p o w d e r  10 

A N  75 P a r b o i l e d  w h e a t  
C o o k e d  c h i c k  p e a s  
D e f a t t e d  s u n  f lower  k e r n e l s  
D e f a t t e d  s e s a m e  f lour  
S k i m m e d  m i l k  p o w d e r  

50 
20 
10 
10 
10 

A N  70 F a y e s h  
C o o k e d  d e c o r t i c a t e d  l en t i l s  
C o o k e d  p o l i s h e d  r ice  
C o o k e d  c h i c k  p e a s  
D e f a t t e d  s e s a m e  f lour  

30 
15 
20 
15 
20 

A N  77 C o o k e d  d r i ed  p o t a t o  f lakes  
C o o k e d  c h i c k  p e a s  
D e f a t t e d  s e s a m e  f lour  
S k i m m e d  m i l k  p o w d e r  

40 
20 
30 
10 

A N  78 Maize  b r e a d  c o n t a i n i n g  5% f e n u g r e e k  f lour  
D e f a t t e d  soy  f lour  
D r y  y e a s t  
S k i m m e d  m i l k  p o w d e r  

50 
25 

5 
20 

10 A N  79 K i sk  
Maize  f lour  b a k e d  w i t h  
F e n u g r e e k  f lour  
C o o k e d  d e c o r t i c a t e d  l en t i l s  
S k i m m e d  m i l k  p o w d e r  

50 
20 
15 

5 
10 
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Table 2. Maeronutrients of raw ingredients. 

Sample  Moist. Prot. Fat  Ash Fibre Carbo. Calc. Phosp. Iron 
g% g% g% g% g% g% mg% mg% mg- 

% 

Lentils 9.5 24.13 1.10 2.10 1.40 61.77 80 280 7.1 
Rice 8.0 6.70 0.41 0.50 0.50 83.89 76 111 1.5 
Chick peas 9.3 19.00 4.90 2.70 4.40 59.70 151 277 7.5 
Sunflower seeds 5.2 25.00 52.40 4.30 4.20 8.90 125 840 5.7 
Fenugreek 7.0 29.00 4.90 3.27 7.20 48.03 186 420 22.0 
S o y b e a n s  10.2 33.50 20.30 4.80 5.10 26.00 209 605 6.5 
Maize 10.0 10.00 4.50 1.12 2.00 73.30 12 245 2.0 
Whole wheat  10.2 11.50 2.00 1.29 2.60 72.41 30 320 3.5 
Sk immed milk 3.0 35.90 0.80 8.00 0.00 52.30 1.3 1.0 0.6 
Dry yeast 9.62 43.03 0.15 4.88 0.00 42.32 44 1.3 16.1 

Table 3. Macronutrients of cooked ingredients. 

Sample Moist. Prot. Fat Ash Fibre Carbo. Calc. Phosp. Iron 
g% g% g% g% g% g% rng% mg% mg% 

Parboiled wheat 9.0 11.55 1.4 1.4 1.7 74.95 30 319 4.7 
Rice 9.3 7.10 0.7 0.20 0.4 82.26 75 95 1.6 
Chick peas 5.3 22.10 5.7 2.3 1.6 63.05 114 387 5.8 
Lentils 5.3 23.50 1.2 2.2 1.3 66.40 78 285 7.0 
Dried potato flakes 11.2 12.10 0.4 2.1 1.7 72.30 55 120 6.0 

Table 4. Macronutrients in roasted ingredients. 

Sample Peanut  Chick peas Sesame 

Moisture g% 1.3 3.5 0.8 
Protein g% 27.0 23.9 20.0 
Fat g% 45.6 6.1 50.3 
Ash g% 2.3 3.2 1.3 
Fibre g% 3.0 2.8 5.0 
Carbohydrates g% 20.8 60.6 22.6 
Calcium rag% 50.0 649.0 1,500.0 
Phosphorus  mg% 376.0 637.0 614.0 
Iron rag% 2.5 9.7 10.0 

Table 5. Macronutrients in the special commodit ies  (Fayesh and Kishk). 

Sample Fayesh Kishk 

Moisture g% 5.5 7.8 
Protein g% 13.4 21.6 
Fat  g% 8.2 6.9 
Ash g% 2.2 8.2 
Fibre g% 2.4 2.5 
Carbohydrates g% 68.3 53.0 
Calcium rag% 170.0 54.0 
Phosphorus  rag% 570.0 412.0 
Iron rag% 3.2 3.7 
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Tab le  7. M a c r o n u t r i e n t s  p r e s e n t  in  f o r m u l a t e d  m i x t u r e s .  

N u t r i e n t s  A N 7 0  A N 7 1  A N 7 2  A N 7 3  A N 7 4  A N 7 5  A N 7 6  A N 7 7  A N 7 8  A N 7 9  

g/100 g 
M o i s t u r e  6.8 6.2 6.6 5.1 5.6 5.8 6.2 5.4 6.8 6.3 
N i t r o g e n  3.3 3.1 3.2 3.1 2.8 3.3 3.1 3.2 3.7 3.3 
P r o t e i n  20.5 19.1 19.8 19.1 17.7 20.6 19.5 19.8 23.2 20.7 
F a t  5.4 5.6 6.1 5.9 6.3 7.1 7.2 5.1 5.2 8.4 
A s h  2.6 2.8 2.3 2.9 2.7 3.0 2.2 3.4 2.8 4.0 
F i b r e  2.1 1.8 2.0 1.9 2.3 2.2 2.1 2.6 2.0 2.3 
Carbo-  
h y d r a t e s  1 62.6 62.5 63.2 65.1 65.4 66.3 62.2 63.7 60.0 58.3 

mg/100 g 
C a l c i u m  219 350 342 515 318 405 231 428 438 354 
P h o s p h o r u s  320 414 500 705 612 425 231 433 458 331 
I r o n  5.1 5.4 6.1 6.8 3.2 4.8 4.8 6.7 4.1 5.2 

call100 g2 

F. e n e r g y  389 384 395 399 386 427 400 389 388 401 

C a l c u l a t e d  b y  d i f ference .  
a B y  ca lcu la t ion ;  g c a r b o h y d r a t e s  = 4 cals., g p r o t e i n  = 4 cals. a n d  g fa t  = 9 cals. 

S u m m a r y  

T e n  p r o t e i n - r i c h  food  m i x t u r e s  w e r e  sugges t ed .  T h e y  are  b a s e d  o n  p o p u l a r  
d i s h e s  w h i c h  c o u l d  b e  p r e p a r e d  s i m p l y  a t  h o m e .  S u c h  m i x t u r e s  w e r e  p r e p a r e d  
f r o m  s e e d s  or  l e g u m e s  ava i l ab le  in  t h e  loca l  m a r k e t s  a t  r e a s o n a b l e  pr ices .  T h e s e  
i n g r e d i e n t s  a re  p o l i s h e d  rice,  d e c o r t i c a t e d  lent i ls ,  d e f a t t e d  s e s a m e  f lour ,  w h o l e  or  
r o a s t e d  c h i c k  peas  (dehul led) ,  ma ize  b read ,  s u n  f lour  ke rne l s ,  f e n u g r e e k  seeds ,  
w h e a t  (who le  g r a i n s  or  p a r b o i l e d  gra ins) ,  w h i t e  w h e a t  f lour ,  d e f a t t e d  p e a n u t  f lour,  
d e f a t t e d  s e s a m e  f lour  a n d  d ry  yeas t .  

T h e  p r o t e i n  c o n t e n t  of s u c h  food  m i x t u r e s  r a n g e d  f r o m  17.7 to  23.2 %, w h i c h  is in  
a g r e e m e n t  w i t h  r e c o m m e n d e d  va lues .  

D e f a t t e d  s e s a m e  f lour  w as  i n c o r p o r a t e d  in  m o s t  of t h e  m i x t u r e s  in  o r d e r  to  
co r r ec t  for  t h e i r  s u l p h u r - c o n t a i n i n g  a m i n o - a c i d s  as  i t  is a l r e ady  k n o w n  t h a t  s e s a m e  
is a r i ch  s o u r c e  of s u l p h u r - c o n t a i n i n g  a m i n o  ac ids  in  c o m p a r i s o n  to  o t h e r  v e g e t a b l e  
sources .  

F u r t h e r  i n v e s t i g a t i o n s  a re  g o i n g  o n  to d e t e r m i n e  t h e  n u t r i t i v e  v a l u e  of t he  
f o r m u l a t e d  m i x t u r e s  be fo re  f e e d i n g  t h e m  to t h e  ch i ld ren .  
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