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B a n a n a  " M u s a  C a v e n d i s h i i "  is one  of the  m o s t  p o p u l a r  f ru i t  c rops  in  
Egyp t ,  d u e  to its n i ce  a n d  p a l a t a b l e  tas te  a n d  h igh  n u t r i t i v e  v a l u e  (1). T h e  
c h e m i c a l  c o m p o s i t i o n  of b a n a n a  f ru i t  was  s t u d i e d  b y  m a n y  i n v e s t i g a t o r s  
(2-9). N i t r o g e n  b a l a n c e  of the  rats  as a f fec ted  by  b a n a n a  f ru i t  i n  the  d ie t  
was  also s t u d i e d  (10). I t  was  f o u n d  tha t  N - b a l a n c e  i n d e x  of a b s o r b e d  N was  
i n c r e a s e d  as the  r e su l t  of s u p p l e m e n t i n g  ca se in  d ie t  w i t h  b a n a n a  p ro te in .  
A d d i t i o n  of 9% f resh  b a n a n a  p u l p  as a s u p p l e m e n t  to a d ie t  c o n t a i n i n g  
10% case in ' s  p r o t e i n  fai led to affect  s i g n i f i c a n t l y  t he  g r o w t h  of w e a n l i n g  
rats  fed ad l i b i t u m .  

T h e  pos s ib l e  uses  of b a n a n a  in  a n i m a l  f e e d i n g  w e r e  s t u d i e d  b y  A g o t  
(11) who  f o u n d  t h a t  p r o t e i n s  a n d  fats w e r e  p r e s e n t  i n  n u t r i t i o n a l l y  ins ig-  
n i f i c a n t  a m o u n t s .  M e a n w h i l e  v i t a m i n s ,  e x c e p t  B12, we re  p r e s e n t  i n  app re -  
c iab le  a m o u n t s  a n d  t he  s t a rch  c o n t e n t  was  as h igh  as 20-32%. Brassan i  et  
al. (12) r e p o r t e d  t h a t  i n  c h i c k e n  feed,  b a n a n a  f lour  m a y  r e p l a c e  u p  to 10% 
of the  c o r n  f lour,  wh i l e  h igh  p e r c e n t a g e  gave  r ise to g r o w t h  d e p r e s s i o n .  

Th i s  w o r k  is a n  a t t e m p t  to s t u d y  t he  b io log ica l  cha rac t e r i s t i c s  of b o t h  
the  ed ib l e  a n d  n o n e d i b l e  p o r t i o n s  of b a n a n a  fruit ,  s ince  t h e y  have  r ece ived  
l i m i t e d  a t t e n t i o n  spec i a l l y  for the  peel .  C h e m i c a l  e v a l u a t i o n  of the  above-  
m e n t i o n e d  c o m p o n e n t s  of the  f ru i t  was  also ca r r i ed  out.  T h e  pos s i b i l i t y  of 
u s i n g  the  n o n e d i b l e  p o r t i o n  as a n i m a l  feed was  also exp lo red .  

Mater ia l s  

Ripe fruit samples of the Musa Cavendishfi banana "Hindi" used in this study 
were caught at random from different markets in Cairo. Green yellowish colour and 
flesh firmness were taken to indicate ripeness of fruits and their suitability for 
experimentation. 

Preparation of samples M e t h o d s  

Preparation of fruits for chemical and biological analysis: 
a) Edible portion (pulp): 
A representative quantity of banana fingers were peeled and the edible portions 

were then thinly sliced. A portion of the fresh slices was spontaneously analysed for 
moisture, vitamins (ascorbic acid, thiamin and riboflavin) and sugar content. The 
other portion was dried under  vacuum at 60 ~ for 48 hours, then finely ground 
using a blender. The powdered samples were used for further analysis. 

b) Nonedible portion (peel). 
The peels were also cut into small slices after excluding solid tips and treated in 

the same manner  as mentioned above for the edible portion. 

54o 
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I, Chemica l  ana]ysis 

K n o w n  s a m p l e s  we re  a n a l y s e d  for  m o i s t u r e  con ten t ,  e t h e r  ex t rac t ,  t o t a l  a sh  (13), 
c a l c ium a n d  p h o s p h o r u s  (14), to ta l  n i t r o g e n  (15) a n d  n o n p r o t e i n  n i t r o g e n  (16). The  
a m i n o  acid  c o n t e n t s  b y  t he  c h r o m a t o g r a p h i c  t e c h n i q u e  (17), to ta l  s u g a r s  (18) a n d  
v i t a m i n s  as g iven  b y  Person  (19). 

II. Biological evaluation o f  banana frui t  

Biologica l  e x p e r i m e n t s  we re  c o n d u c t e d  to eva lua t e  t he  b io log ica l  v a l u e  of f rui t  
as follows: 

a) Protein efficience ra t io  (P.E.R.). 
b) Effect of banana on growth. 
The method described by Brassani et al. (12) to determine the protein efficiency 

ratio was used using twelve weanling males and the same number of weanling 
females of albino rats with an average of 45 gin. All rats were fed for about one week 
on the stock diet till they weighed from 50-52 gm at the beginging of the experi- 
ment. The animals were then divided into 4 groups (A, B, C and D), each group 
c o n t a i n e d  t h r e e  m a l e s  a n d  t h r e e  females .  F o o d  a n d  w a t e r  we re  g i v e n  ad  l i b i t um.  
Tota l  b o d y  w e i g h t  of e ach  a n i m a l  g r o u p  was  r e c o r d e d  for a p e r i o d  of 21 days.  

III. Ef f ec t  o f  banana on g rowth  rate 

T h e  f eed ing  as say  w as  ca r r i ed  ou t  to eva lua t e  t h e  ef fec t  of b a n a n a  p u l p  a n d  pee l  
on  g rowth .  At  t he  b e g i n n i n g  of t h e  a s say  t h e  a n i m a l s  w e r e  d i s t r i b u t e d  in to  6 g r o u p s  
(A, B, C, D, E a n d  F), e ach  g r o u p  c o n s i s t i n g  of four  rats.  T h e  g r o u p s  A, B a n d  C were  
ma le s  wh i l e  g r o u p s  D, E a n d  F w e r e  females .  

Two e x p e r i m e n t a l  d i e t s  p lus  t h e  s tock  d ie t  w e r e  m a d e  up  a c c o r d i n g  to t h e  
fol lowing:  

1. S t o c k  die t  (No. I). 
2. B a n a n a  pu lp  d ie t  (No. II). 
I t  was  m a d e  u p  u s i n g  two e q u a l  w e i g h t s  of d ie t  No. I (Stock)  a n d  d r i ed  b a n a n a  

pu lp  powder .  
3. B a n a n a  peel  d i e t  (No. III). 
Pee l  d ie t  was  m a d e  to c o n t a i n  50% of d ie t  No. I (Stock)  a n d  50% of d r i ed  b a n a n a  

peel  powder .  
The  a n i m a l s  w e r e  f ed  t h e  t e s t  d ie t s  for  a pe r iod  of four  weeks .  F o o d  a n d  w a t e r  

we re  g iven  ad  l i b i t u m  a n d  t h e  to ta l  b o d y  w e i g h t s  of e a c h  g r o u p  was  r e c o r d e d  daily.  

T a b l e  1. T h e  c o m p o s i t i o n  of e x p e r i m e n t a l  d ie t s  used .  

A m o u n t  of d ie t s  in  (g.) 

C o m p o n e n t  Case in  d ie t  P e e l  d i e t  P u l p  50% P u l p  100% 
1 2 3 4 

Case in  6 3 3 - 
Dr ied  p u l p  _ - 50 86 
Dr ied  peel  - 40 - - 
H y d r o g e n a t e d  fat  2.5 2.5 2.5 2.5 
Corn  oil 2.5 2.5 2.5 2.5 
V i t a m i n  m i x t u r e  1 1 1 1 
Sal t  m i x t u r e  4 4 4 4 
Corn  s t a r c h  84 47 37 4 
Total  100 100 100 100 

In  d ie t s  2 a n d  3, 50% of t h e  p r o t e i n  source ,  f r om casein .  
In  d ie t  no. 4, 100% of p r o t e i n  s o u r c e  f r o m  b a n a n a  pulp .  
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Tab le  2. C h e m i c a l  c o m p o s i t i o n  of b o t h  p u l p  a n d  peel  ca l cu l a t ed  on  d ry  bas i s  
(g./100 g.) 

C o m p o s i t i o n  P u l p  Pee l  

C r u d e  p r o t e i n  (N • 6.25) 3.44 8.61 
Tota l  n i t r o g e n  0.82 1.74 

n o n  p r o t e i n  n i t r o g e n  0.26 0.34 
p r o t e i n  n i t r o g e n  0.55 1.38 

E t h e r  e x t r a c t  2.29 7.21 
S t a r c h  c o n t e n t  14.60 7.99 
Tota l  suga r s  76.12 27.49 
P e c t i n  2.30 3.40 
A s h  c o n t e n t  3.60 16.90 
P h o s p h o r u s  mg./100 g. 88.38 76.9 
Ca l c ium mg./100 g. 70.19 442.0 
I ron  mg./100 g. 0.47 1.65 
V i t a m i n  C. rag./100 g. 40.0 23.50 
V i t a m i n  Blmg. /100  g. 0.08 0.08 
V i t a m i n  B2mg./100 g. 0.93 1.08 

M o i s t u r e  75.7 88.0 
O t h e r  s u b s t a n c e s  0.25 35.0 

Results 

I. Chemical composition of both banana pulp and peel 

Tables 2, 3 and 4 show the determined values for the chemical composi- 
tion of both banana pulp and peel. The obtained data gave remarkable 
d i f f e r e n c e s  i n  t h e  a s h  c o n t e n t ,  n i t r o g e n - c o n t a i n i n g  s u b s t a n c e s ,  c a r b o h y -  
d r a t e s ,  v i t a m i n s  a n d  a m i n o  a c i d  c o n t e n t s .  T h e  p e e l  p o r t i o n  c o n t a i n e d  

Tab le  3. The  a m i n o  acid  c o n t e n t s  of b a n a n a  pu lp  a n d  peel  as c o m p a r i n g  w i t h  the  
F.A.O. r e f e r ence  p r o t e i n  (g./16g. N). 

A m i n o  ac ids  g./16g.N. P u l p  Pee l  F.A.O. 
r e f e r ence  

* L e u c i n e  + I s o l e u c i n e  2.32 1.20 
* P h e n y l  a l an ine  3.08 1.23 
* M e t h i o n i n e  0.00 0.74 
* Va l ine  2.32 0.88 
* T h r e o n i n e  1.10 0.97 
* L y s i n e  1.51 0.48 

Cys t ine  + Cys t i ene  5.00 3.99 
T y r o s i n e  2.90 3.44 
H i s t i d i n e  2.32 2.78 
A l a n i n e  2.09 0.65 
Se r ine  2.90 1.46 
G lyc ine  2.84 1.46 
G l u t a m i c  ac id  5.29 2.09 
Aspa r t i c  ac id  7.55 5.01 

9.0 
2.8 
2.2 
4.2 
2.8 
4.2 

* E s s e n t i a l  a m i n o  acids.  
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Table 4. Essential amino acids content of banana pulp and peel as compared with 
F.A.O. reference protein (calculated g./16g.Nitrogen). 

Amino acids Pulp Peel F.A.O. 
reference 
protein 

Total amino acids 41.22 26.77 - 
Leucine + Isoleucine 2.32 1.20 9.0 
Phenyl alanine 3.08 1.23 2.8 
Methionine 0.00 0.74 2.2 
Va]ine 2.32 0.86 4.2 
Threonine 1.10 0.97 2.8 
Lysine 1.51 0.48 4.2 

h igher  va lues  for ash, as wel l  as ca lc ium and  i ron than  tha t  of the  pulp .  
Rega rd ing  the n i t r ogen -con t i an ing  subs t ances ,  t h e y  were  also h ighe r  in 
peel  r a the r  t han  in the  pulp .  V i t amins  C, B1 and  B2 p r o v e d  to be  p r e s e n t  in 
bo th  pu lp  and  pee l  in fa i r ly  r e a sonab l e  amoun t s .  In  th is  respect ,  v i t amin  C 
con ten t  in the  pu lp  is twice  tha t  of peel,  whi le  B1 and  B2 ex is t  in nea r ly  
s imi lar  a m o u n t s  in bo th  b a n a n a  pu lp  and  peel.  

The sugar  con ten t s  were  ve ry  m u c h  h ighe r  in pu lp  than  in the  peel.  The 
d e t e r m i n e d  s ta rch  in the  pu lp  was  twice  as m u c h  as tha t  of the  peel.  

The ob t a ined  da ta  for the  amino  ac id  con ten t s  s h o w e d  h ighe r  va lues  for 
aspar t ic  ac id  (18%) c o n t r i b u t i n g  the  ma jo r  f rac t ion  of a m i n o  ac ids  p r e s e n t  
in bo th  pu lp  and  peel.  Me th ion ine  was a b s e n t  in b a n a n a  pulp.  The  amino  
acid  con ten t s  ca lcu la t ed  for 16 gin. N are  h ighe r  in pu lp  than  tha t  of pee l  
(Table 3). 

II. Biological value of banana 
a) Protein efficiency ratio (P.E.R.) 

Table  5 shows  the  P.E.R. va lue  of b a n a n a  d ie t  in c o m p a r i s o n  wi th  6% 
casein  diet,  Resu l t s  g iven  in f igure  1 and  tab le  5, d e m o n s t r a t e  tha t  ne i the r  
the  pu lp  nor  the  pee l  p ro te ins  y i e lded  good  P.E.R. va lues  w h e n  used  at  6% 
pro te in  level,  wh ich  r e su l t ed  in a s ign i f ican t  r e d u c t i o n  in we igh t s  of rats  
spec ia l ly  those  rece iv ing  the  pee l  diet.  The  P.E.R. of case in  was  + 0.5 
whereas  the  o ther  t e s t ed  d ie ts  showed  nega t ive  P.E.R. va lues  a m o u n t e d  to 
- 1.75, - 5.58 and  - 4.67 for the  pu lp  die ts  and  the  pee l  d ie t  respec t ive ly .  

Table 5. Protein efficiency ratio of banana diets in comparison with casein diet. 

Protein rats number Average rat Average rat P.E.R. 

source before after wt. at the wt. 
expr. expr. begining changes 

(g.) (g.) 

Casein 6 6 52.0 + 1.66 0,5 
Peel 50% 6 3 52.1 -15.16 -4.67 
Pulp 50% 6 5 52.8 - 8.23 -1,75 
Pulp 100% 6 5 53.1 -11.16 -5.58 
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Fig. 1. Average weight changes of rats for banana diet comparing with casein diet. 

b) Effect of banana on growth 

Figures 2 and 3 summarise the results obtained in the growth experi- 
ment. The results elucidate that the incorporation of the stock and the 
pulp diet apparently raised the body weight for male and female rats 
respectively. On the other hand the incorporation of the stock diet to the 
peel diet resulted in a slight increase amounting to 6% in both male and 
female groups. However the body weight changes were too small for the 
peel diet when compared with the groups given the stock diet only, which 
showed high increase in the body weight for male and female rats 
respectively (Table 6). 
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Fig. 2. E f fec t  of  b a n a n a  d ie t s  a n d  s t o c k  d ie t  on  t h e  g r o w t h  ra te  of  m a l e  ra ts .  
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Table 6. The effect of banana pulp and peel replaced by 50% of stock diet  on the 
growth rate of male and female rats in compar ison with s tock diet. 

Male rats Female  rats 

Stock Pulp Peel  Stock Pulp  Peel  
diet 50% 50% diet 50% 50% 

Average rat wt. (g.); 
at the beginning 56.75 5~.5 57,5 51.75 51.25 51.50 

- at the end 115.5 76,2 60.6 116.25 76.q 50,0 
Rat wt. changes 
due to diet 
consumed (g.) + 58,75 +18.75 +3.6 +64,5 +24.75 +3,5 
Rat wt. changes % 103.5 32.6 6.3 124.6 48.3 6.8 
Rat wt. changes 
due to banana 
consumed (g.) +5,33 -3.52 -23,91 -21,96 

D i s c u s s i o n  

Thi s  w o r k  w a s  i n t e r e s t e d  to  i n v e s t i g a t e  t h e  c h e m i c a l  a n d  b i o l o g i c a l  
c h a r a c t e r i s t i c s  of b o t h  t h e  e d i b l e  a n d  n o n e d i b l e  p o r t i o n s  of b a n a n a  f ru i t s .  

A l t h o u g h  b a n a n a  c o n t a i n s  s o m e  of n e c e s s a r y  n u t r i e n t s ,  s p e c i a l l y  car -  
b o h y d r a t e s ,  v i t a m i n s  a n d  m i n e r a l s  w h i c h  m a k e  b a n a n a  a n  e d i b l e  f o o d  
s tuff ,  b u t  i t  s e e m s  p o s s i b l e  t h e r e f o r e  t h a t  b a n a n a  is n o t  s u i t a b l e  f o o d  to  b e  
u t i l i z ed  b y  i t se l f  as  a so le  d ie t ,  as  i t s  p r o t e i n  c o n t e n t  is a p p a r e n t l y  t h e  
fac to r  r e s t r i c t i n g  i t s  use ,  T h e  fac t  h a s  b e e n  e x p e r i m e n t a l l y  p r o v e d  in  r a t s  
h a v i n g  r e c e i v e d  b a n a n a  a l o n e  a n d  c o m p a r e d  w i t h  r a t s  t a k i n g  b a n a n a  
m i x e d  w i t h  t h e i r  d i e t s .  A n i m a l s  a d m i n i s t r a t e d  b a n a n a  a l o n e  e x h i b i t e d  

11o 

~oo. 

~ 9o 

- .  8 0 .  

~ 7 0 .  

4~ 
60' 

so. 

Ferno/e 

/ pulp 50 % 

0 ,~ 8 / /6 20 
rime in days 

Fig, 3. Effect of banana  diets and stock diet on the growth rate of female rats, 
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s o m e  s y m p t o m s  c h a r a c t e r i s e d  b y  e m a c i a t i o n ,  loss of w e i g h t  (fig. 1), r o u g h  
ha i r  etc., w h e r e a s  t h o s e  r e c e i v i n g  b a n a n a  m i x e d  wi th  the i r  food  s h o w e d  
g r a d u a l  i n c r e a s e  in  the  b o d y  weight .  The  s l igh t  i n c r e a s e  in  the  b o d y  
w e i g h t  of the  con t ro l  g r o u p  g i v e n  the  ca se in  diet ,  m a y  be  a t t r i b u t e d  to t he  
r e l a t ive ly  low level  of p r o t e i n  used ,  w h i c h  was  n o t  su f f i c i en t  for  t i s sue  
syn thes i s .  

T h e  n e g a t i v e  P.E.R.  v a l u e s  of b a n a n a  d ie ts  m a y  be  d u e  to t he  vas t  
p r o t e i n  d e f i c i e n c y  p a r t i c u l a r l y  in  the  e s sen t i a l  a m i n o  ac ids  ( table  4). I t  is 
qu i t e  e v i d e n t  t ha t  w i t h  the  e x c e p t i o n  of p h e n y l a l a n i n e ,  b a n a n a  f ru i t  is 
p r o v e d  to be  vas t l y  de f i c i en t  w i th  r ega rd  to the  i n d i s p e n s i b l e  a m i n o  acids .  

T h e s e  r e su l t s  are i n  a g r e e m e n t  w i th  t hose  of Si l ic iano a n d  N a ~ e t  (10), 
who  r e p o r t e d  t h a t  the  a d d i t i o n  of 9% fresh  f ru i t  p u l p  of b a n a n a  fi i led to 
effect  s i g n i f i c a n t l y  t he  g r o w t h  of w e a n l i n g  rats  fed ad l i b i t u m .  T h e y  also 
f o u n d  t h a t  d r i ed  b a n a n a  w h e n  g i v e n  as s u p p l e m e n t s  to a d ie t  c o n t a i n i n g  
10% of p r o t e i n  f r o m  case in  fa i led to affect  the  n i t r o g e n  b a l a n c e  of a d u l t  
rats.  A g o t  (11) also r e p o r t e d  tha t  b a n a n a  pee l  is n o t  d i g e s t e d  readi ly ,  d u e  to 
the  p r e s e n c e  of h i g h e r  t a n n i n  con ten t .  

I t  is o b v i o u s  f rom b o t h  a n i m a l  assays  (a a n d  b) t ha t  a l t h o u g h  b a n a n a  
a c q u i r e s  fair ly  h igh  calor ic  va lue ,  ye t  it c a n n o t  be  c o n s i d e r e d  as a s o u r c e  of 
p l a n t  p r o t e i n  in  the  d ie t  e spec i a l l y  for the  v u l n e r a b l e  g roups .  Th i s  w a s  
e m p h a s i s e d  b y  D a v i d s o n  a n d  P a s s m o r e  (20), w h o  r e p o r t e d  the  e x i s t e n c e  
of p r o t e i n s  d e f i c i e n c y  (Kwash i rko r )  in  c h i l d r e n  in  Eas t  a n d  West  Afr ica  
who  eat  l a rge  a m o u n t s  of b a n a n a  as a s t ap le  diet .  

I t  is r e c o m m e n d e d  the re fo re  to u se  b a n a n a  p u l p  t o g e t h e r  w i t h  o the r  
food  s tuffs  for h u m a n  c o n s u m p t i o n  a n d  b a n a n a  pee l  m i x e d  wi th  die ts  of 
an ima l s .  

Summary  

Chemical and biological evaluation of both the edible and nonedible portion of 
banana fruit was carried out. The possibility of using the nonedible portion (peel) as 
animal feed was also explored. 

The results showed a remarkable difference concerning the chemical composi- 
tion of both the edible and nonedible portions. The amino acid contents were 
proved to be vastly deficient with regard to the indispensable amino acids with 
exception of phenylalanine which was found in good amounts in the edible portion 
(pulp). 

The biological results demonstrated that neither the pulp nor the peel portions 
yielded good P.E.R. values when used at 6% protein level. The P.E.R values showed 
negative values which amounted to - 1.75, - 5.85 and - 4.67 for the pulp and peel 
diets respectively. 

Incorporation of the stock diet to the peel diet resulted in a slight increase which 
amounted to 6% in both male and female rat groups. 

References 

1. F.A.O. Nutritional studies no. 16. Food and Agriculture Organization of the 
United Nations, Rome (1957). - 2. Bazarova, IT. I., Sh. Th. Leningr. Inst. Soy. 
Rorgovli, 23, 71 (1964). c.f.C.A. 64, 1269b (1966). - 3. Minessy, F. A., A. R. Nassar, 
Alex. J. Agric. Res. 13, (2), 271 (1965). - 4. Wali, Y. A., Y. M. Hassan, Proc. Am. Soc. 
Hort. Sci. 87, 264-269 (1965). - 5. Sgarbieri, V. C., An. Ass. Brasil. Quire. 25, (1-4), 
99-106 (1966). - c.f.C.A. 68, 48434 (1968). - 6. Mullor, J. B., J. B. Vigil, M. A. Migeuz, 
Rev. Fac. Ing. Quin. Univ. MNac. Litoral. c.f.C.A. 73, 108454* (1968). - 7. Yonekawa, 
B., Aichi, Kyoiku, Daigaku Kenkyu Kokoku Shizenka Graku 28, 203-11 (1971). c.f. 



Sharaf et al., Studies on banana fruit 15 

C.A. 76, 139231 (1972). - 8. Asker, A., Dent .  Lebe .  Sum.  R u n d s c h .  68, (8) 259-261 
(1972). c . f .C.A.  78, 41814 (1973). - 9. Asker, A., Gordian ,  73 (1), 12, 14, 16. c . f .C.A.  78, 
134685 (1973). - 10. Siliciana, A. M., E. S. Nasset, J. Nutr i t ion  51, 403-411 (1953). -11 .  
Agot, A., Bull. Soc.  Sci. Hyg. Al iment .  56, 27-41 (1968). c . f .C.A.  69, 34772 (1968), - 12. 
Brassani, R., L. Glias, B. O. Julian, J. Agric.  Fd.  Chem.  19, 5 (1971). - 13. A. O. A. C. 
Official m e t h o d s  of analys is  of t he  Assoc ia t ion  of Agric.  Chemis t s ,  10th ed. Wash-  
ing ton  D.C. 20044 (1965). - 14. Stuffins, C. B., Analys t .  92, 107 (1967). - 15. Jackson, 
/14:. L., Soil Chemica l  analysis ,  pp.  498 ( L o n d o n  1958). - 16. Jean Declerk, a t ex t  b o o k  
of brewing,  pp.  134 ( L o n d o n  1958). - 17. Levy, A. L., 19. Chung, Analyt .  Chem.  25, 396 
(1953). - 18. Dubois, M., Analyt .  Chem.  28, 350 (1956). - 19. Person, D., The  chemica l  
analysis  of foods  ( L o n d o n  1962). - 20. Davidson, S., Passmore. H u m a n  nu t r i t i on  and  
diabet ics .  4th ed.  p. 243 (1969). 

Au tho r s '  address :  

A. Sharaf, Nat ional  Resea r ch  Centre ,  Dokki ,  Cairo (Egypt)  


