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Summary: The effect of mixing different sources of vegetable proteins from 
legumes in the preparation of infant weaning foods was investigated. Melon, 
cowpea and soya as sole protein sources or as a mixture were fed to 60 albino rats. A 
milk powder-based commercial product (Cerelac) was used as control diet. The 
mixture  of the vegetable protein diet compared favourably with the control diet in 
terms of growth rate, protein efficiency ratio (PER) and net protein ratio (NPR) and 
also ensured opt imum nitrogen content  in liver, kidney and muscle tissues. In 
contrast the use of individual  protein sources failed to support satisfactory growth 
and were inferior to those in animals fed with the control or mixed diets. It was thus 
concluded that in the developing countries an application of such a mixture of 
vegetable proteins may be suitable in the preparation of weaning foods. 

Zuzammenfassung: Das Hauptziel dieser Arbeit ist es, den Einfiufi yon pflanz- 
lichem Eiwei/3 aus verschiedenen Hfilsenfrfichten in der Ern~hrung yon Kleinkin- 
dern aufzuzeigen. 

In  parallelen Versuchen wurden Proteine aus der Melone, aus Raps und Sojaboh- 
nen  sowie aus einer Mischung derselben insgesamt 60 Albinoratten verftittert, um 
das Wachstum und den Stickstoffmetabolismus im Gewebe zu best immen.  Cere- 
lac | diente als Kontrollsubstanz. Mit der Proteinmischung wurden hinsichtlich des 
Proteinwirkungsverh~ltnisses (Protein efficiency ratio, PER) und  des Nettoprotein- 
verh~iltnisses (net protein ratio, NPR) Ergebnisse erzielt, die gut mit der KontroU- 
gruppe korreheren. Wird jedoch das jeweilige Protein allein verabreicht, s inkt  die 
Stickstoffretention in der Zelle, und  das Wachstum der Tiere ist geringer. 

Deshalb sollten vor allem in Entwicklungsl fndern  pflanzliche Eiweil3e in Form 
yon Mischungen zur Herstellung yon Babynahrung eingesetzt werden. 

Key words: vegetable proteins, weaning foods 

In troduc t ion  

T h e  m a i n  s o u r c e  of  d i e t a r y  v e g e t a b l e  p r o t e i n s  are  cerea ls  a n d  g r a i n  
l e g u m e s .  T h e  cerea ls  h a v e  a p r o t e i n  c o n t e n t  v a r y i n g  f r o m  7 to 12 pe r  c e n t  
(1), w h e r e a s  t he  l e g u m e s  u s u a l l y  r e a c h  c o n s i d e r a b l y  h i g h e r  (20-40%)  
871 
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c o n t e n t  (2). In  add i t ion ,  these  la t te r  p ro t e ins  p r ov i de  the  two es sen t i a l  
a m i n o  ac ids  lys ine  and  th reon ine ,  c o n s i d e r e d  as f irst  l imi t ing  amino  ac ids  
in cerea l s  (1). Thus  l e g u m e  p ro te ins  may  s u p p l e m e n t  the  cerea l  p ro t e in s  
b y  c o m p e n s a t i n g  for the  def ic i t  of  lys ine  in  t hese  p ro te ins  and  r e d u c i n g  
tha t  of  s u l p h u r  a m i n o  acids.  

T e p l y  et  al. (3) a p p l i e d  a soy  i so la te  fo rmula  a n d  s h o w e d  it  to  be  
benef ic ia l  (4, 5) in  the  t r e a t m e n t  of  m a l n o u r i s h e d  infants ,  wel l  c o m p a r a b l e  
to resu l t s  a c h i e v e d  wi th  c o m m o n l y  used  cow mi lk  fo rmula  as far as 
r e c o v e r y  and  we igh t  ga in  are conce rned .  In  o ther  inves t iga t ions  (6) sp ray  
d r i ed  b l e n d s  con t a in ing  two par t s  of  soy  bean  mi lk  and  one par t  of  p e a n u t  
m i l k  for t i f ied  wi th  m e t h i o n i n e  s h o w e d  p ro t e in  e f f i c i ency  rat io  (PER) 
c o m p a r a b l e  to tha t  of  mi lk .  Also  in c l in ica l  t r ia ls  (7) no d i f fe rences  were  
found  us ing  this  m i x t u r e  and  m i l k  fo rmula  wi th  r ega rd  to g rowth  and  
n i t rogen  re ten t ion .  

A k i n r e l e  (8) found  tha t  the  b io log ica l  qua l i ty  of  the  p ro t e in  of  f e r m e n t e d  
corn  ( local ly  ca l led  "ogi")  was  so poo r  tha t  it  d id  not  s u p p o r t  g rowth  in 
rats.  S imi la r ly ,  in p rev ious  a n i m a l  e x p e r i m e n t s  f rom our  l a bo r a t o r y  (9) we 
r e p o r t e d  tha t  the  s ingle  source  of  v e g e t a b l e  p ro te in  a c q u i r e d  f rom ogi and  
g r o u n d n u t  was  i n a d e q u a t e  in s u p p o r t i n g  g r o w t h  and  m a i n t a i n i n g  ni t ro-  
gen  equ i l i b r ium.  We thus  p r o c e e d e d  to e x a m i n e  o ther  sources  of  vege t ab l e  
p ro t e ins  us ing  a m i x t u r e  of  d i f fe ren t  p ro t e ins  i n s t ead  of  re ly ing  on indivi-  
dua l  p ro t e in  pe r fo rmance .  

Materials and Methods 

Cowpea, melon, soy  and maize grains 

The cowpea, melon and maize grains that were used in these experiments were 
obtained from the agricultural research farm of the University of Ife (Nigeria), while 
the soy seeds were received from the Institute for Agricultural Research and 
Training (IAR and T), Ibadan (Nigeria). In all cases the products were cleaned and 
dehulled, and then they were minced and defatted, using the soxhlet extractor. The 
resultant products were milled, followed by sieving and subsequently dried as flour 
products. They were used as supplements either as sole source or mixed sources of 
protein. 

The mix ture  

Corn flour was mixed with flours from cowpea, melon and soya at a ratio of 9:1:1:1 
and water was added (1.25m1/g) to obtain a slurry which was spray-dried and 
labelled as "cowpea-melon-soy-ogi"l). 

The basal, experimental  and control diets 

The nutrient composition of the basal diet is shown in Table 1 while that of the 
dietary regimen is shown in Table 2. The preparation of the basal diet was based 
upon the methods of Bernhart et al. (10). The basal diet was mixed with individual 
protein source as recommended to achieve an isonitrogenous diet at 10 % protein 
level  A similar diet was prepared using the mixture of melon-cowpea soy proteins. 
A commercial diet based on defatted milk powder (Cerelac | was used as a compari- 
son to the vegetable diets. The protein content of the various vegetable produets, as 
estimated from nitrogen determinations by modified micro Kjeldahl methods (12), 

1) "ogi" has been described (8, 9, 11) as fermented corn flour 
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Table 1. The nutr ient  composi t ion of the basal diet. 

g/kg 

Protein  
Corn flour 800 
Sugar 60 
Vegetable oil 100 
Vitamin mix 10 
Salt  mix 30 
Cod liver oil 5 
Energy kcal  % 438.5 

was as follows (Table 2): melon 18.40 + 1.20 %, soya 20.50 + 0.23 %, the mixture  of 
cowpea-melon-soya 23.63 _+ 0.25 %, and the commercial  product  (Cerelac) 11.50 + 
0.33 %. To adjus t  the variable protein levels to the desired 10 % level each diet was 
mixed  with the basal  diet  lacking protein. This s tandardizat ion facilitates the 
subsequent  studies with regard to growth, ni trogen and t issue changes in (protein) 
content.  

The experimental animals 

For  this investigation, sixty albino rats weighing between 55 and 65g were 
obta ined from the zoological breeding centre of the Universi ty of Ife, Nigeria. They 
were weighed,  randomly  dis t r ibuted in metabolic  cages and were adapted  to the 
basal  diet  containing 4 % casein over a per iod of seven days. After this per iod the 
animals were re-weighed and re-grouped. The average weight per  group was 
approximate ly  the same as shown by the initial weights in Table 3. One group of 5 
animals served as control  for the exper imenta l  groups were sacrificed and tissue 
samples  from liver, k idney and the plantaris  muscle  of the hind leg were weighed 
and frozen (at -70  ~ until  ni trogen was determined.  The remaining animals were 
placed on the exper imenta l  diets as descr ibed in Table 2, over a period of 28 days. 
Water  was suppl ied ad libitum. During this per iod dietary intake and growth were 
recorded.  After the accompl ishment  of the exper iment  the animals were anaesthe- 
t ized and sacrificed. Tissue specimens were obtained and kep t  (at -70~ until  
ni trogen determinat ion by the modif ied micro Kjeldahl  method (12). 

R e s u l t s  

Nutr i t ional  adequacy  o f  diets  

A n  e x a m i n a t i o n  o f  t h e  c o m p o s i t i o n  o f  t h e  v a r i o u s  v e g e t a b l e  p r o t e i n s  
( T a b l e  2) s h o w  t h a t  m e l o n  p r o t e i n  is  a d e q u a t e  w i t h  r e g a r d  to  c e r t a i n  
e s s e n t i a l  n u t r i e n t s  s u c h  as  t h i a m i n e  a n d  a s c o r b i c  ac id .  I n  a d d i t i o n ,  i t s  
p r o t e i n  is  a l so  c l a i m e d  to b e  h i g h l y  d i g e s t i b l e  (13). T h e  h i g h  n u t r i t i v e  
q u a l i t y  o f  s o y  p r o t e i n  (4, 5, l l ,  14, 15) is r e p e a t e d l y  d o c u m e n t e d ,  a l t h o u g h  
t h e  l o w  t h i a m i n e  c o n t e n t  o f  t h i s  p r o t e i n  is  to  b e  n o t e d .  T h e r e f o r e ,  in  t h e  
p r e s e n t  s t u d y  t h e  s o y a  b e a n  d i e t  w a s  f o r t i f i e d  w i t h  a m u l t i - v i t a m i n  m i x -  
t u r e .  A s  p r e v i o u s l y  r e p o r t e d  (9), t h e  c o m m e r c i a l  p r o d u c t ,  Ce re l ac ,  is  ade -  
q u a t e  in  a l l  n u t r i e n t s  a n d  s u p p o r t s  n o r m a l  g r o w t h  a n d  o p t i m u m  n i t r o g e n  
c o n t e n t  in  t i s s u e s .  T h e  r a t e s  o f  g r o w t h  in  t h e  r e s p e c t i v e  g r o u p s  d u r i n g  t h e  
e x p e r i m e n t  a r e  g i v e n  in  T a b l e  3. C o m p a r e d  w i t h  t h e  c o m m e r c i a l  p r o d u c t  
(Cere lac) ,  f e e d i n g  w i t h  t h e  m i x t u r e  o f  v e g e t a b l e  p r o t e i n s ,  a f a v o u r a b l e  



T
ab

le
 2

. 
N

u
tr

ie
n

t 
c

o
m

p
o

si
ti

o
n

 i
n

 p
e

r 
c

e
n

t 
o

f 
i0

0
 g

 o
f 

d
ie

t 
(M

ea
n

 •
 

S
E

M
).

 

M
el

o
n

 o
g

i 
S

o
y

 o
g

i 
C

o
w

p
e

a
-m

e
lo

n
- 

so
y

 o
g

i 
C

er
el

ac
 

P
ro

te
in

 %
 (

N
 x

 6
.2

5)
 

18
.4

0 
+

 1
.2

0 
20

.5
0 

_+
 0

.2
3 

23
.6

3 
__

_ 0
.2

5 
11

.5
0 

• 
0.

33
 

M
o

is
tu

re
 %

 
8.

12
 +

 0
.4

2 
7.

00
 •

 
0.

17
 

5.
40

 •
 

0.
15

 
1.

50
 +

_ 0
.4

1 
F

at
 %

 
12

.0
0 

+
 0

.6
1 

9.
50

 •
 

0.
14

 
10

.0
0 

+
 0

.0
1 

7.
80

 •
 

0.
51

 
A

sh
 %

 
3.

50
 _

+ 
0.

12
 

3.
00

 +
 0

.5
2 

3.
35

 •
 

0.
17

 
2.

00
 _

+ 
0.

61
 

C
a

rb
o

h
y

d
ra

te
s 

%
 

65
.2

0 
+

 1
.1

1 
58

.5
0 

_+
 0

.5
1 

57
.6

2 
_+

 0
.2

3 
77

.2
0 

• 
0.

23
 

T
h

ia
m

in
e

 (
m

g
/1

0
0

 g
) 

1.
80

 _
+ 

0.
20

 
1.

12
 •

 
0.

10
 

0.
42

 •
 

0.
12

 
0.

28
 _

+ 
0.

12
 

A
sc

o
rb

ic
 a

ci
d

 (
m

g
/1

0
0

 g
) 

8.
90

 •
 

0.
64

 
10

.8
0 

_+
 0

.5
0 

17
.6

0 
• 

0.
11

 
17

.0
0 

+
 0

.1
3 

T
ab

le
 3

. 
M

e
a

n
 w

e
ig

h
t 

g
ai

n
s 

in
 r

at
s 

(g
) 

d
u

ri
n

g
 t

h
e 

e
x

p
e

ri
m

e
n

ta
l 

p
er

io
d

 (
M

ea
n

 •
 

S
E

M
).

 

D
ie

ta
ry

 
T

im
e

 i
n

 d
ay

s 
g

ro
u

p
s 

o
f 

an
im

al
s 

i 
4 

7 
10

 
13

 
16

 
19

 
22

 
25

 
28

 

M
e

lo
n

 o
g

i 
5

8
.0

5
• 

6
0

.3
0

• 
6

3
.8

8
• 

S
o

y
 o

g
i 

5
7

.9
5

+
1

.2
3

 
61

.3
9_

+
0.

31
 

6
4

.7
8

+
1

.2
3

 

C
o

w
p

e
a

-m
e

lo
n

- 
so

y
 o

g
i 

5
8

.0
6

• 
62

.5
3•

 
6

7
.0

7
+

1
.1

2
 

C
er

el
ac

 
5

8
.5

0
• 

60
.5

6+
1.

11
 

6
5

.9
3

• 

B
as

al
 

5
7

.9
8

• 
5

6
.2

3
2

2
.4

2
 

54
.6

1_
+

1.
21

 

6
7

.2
0

• 
7

0
.3

2
• 

7
2

.5
0

• 
7

4
.8

0
• 

7
6

.6
2

• 
78

.0
1_

+
1.

48
 

7
9

.8
0

• 
* 

$
$

 
* 

*
*

$
+

+
 

*
*

§
 

+
§

2
4

7
 

$
$

$
~

+
+

 

68
.1

8_
+

0.
18

 
7

1
.9

8
• 

74
.9

9•
 

77
.6

4_
+

0.
62

 
7

9
.6

0
• 

8
0

.6
0

• 
85

.7
6_

+
0.

16
 

71
.2

7+
1.

71
 

7
4

.1
7

+
1

.2
2

 
7

7
.3

0
+

1
.6

2
 

82
.7

1-
+

1.
16

 
8

3
.9

2
+

1
.2

6
 

8
5

.5
5

+
1

.7
1

 

73
.7

0+
1.

26
 

7
8

.5
8

+
1

.2
7

 
81

.7
4+

1.
51

 
84

.6
9+

1.
17

 
8

6
.3

0
+

1
.2

2
 

8
7

.9
8

+
1

.6
2

 

52
.2

5-
+

3.
62

 
50

.1
5-

+
2.

51
 

48
.2

0_
+

2.
61

 
4

6
.1

5
+

2
.2

7
 

43
.7

5_
+

2.
52

 
4

2
.4

5
+

1
.7

3
 

* 
S

ig
n

if
ic

a
n

t 
d

if
fe

re
n

c
e

 w
it

h
 C

er
el

ac
 

§ 
S

ig
n

if
ic

an
t 

d
if

fe
re

n
c

e
 w

it
h

 C
o

w
p

e
a

-m
e

lo
n

-s
o

y
 o

g
i 

* 
=

 P
 

<
 

0.
05

 
=

 
§ 

*
*

=
P

<
0

.0
1

 
=

 
§2

47
 

**
* 

=
 

P 
<

 
0.

00
1 

=
 

++
+ 

93
.0

5_
+

0.
81

 

9
5

.2
0

+
 1

.2
8 

4
1

.1
5

+
 1

.6
8 

4 b~
 

b~
 



224 Zeitschri f t  f[~r Ern~hrungswissenschaft ,  Band 25, Hef t  4 (1986) 

Table 4. Total weight  of  selected tissues of  rats (g) during the experimental  period 
(Mean _ SEM). 

Dietary samples Liver Kidney Muscle (plantaris) 

Stabilizing diet 2.40 ___ 0.31 0.20 ___ 0.11 0.62 • 0.22 

Melon ogi 2.50 + 0.25 0.23 + 0.07 0.65 _+ 0.12 

Soy ogi 2.64 + 0.51 0.25 ___ 0.01 0.67 __ 0.12 
Cowpea-melon-soy ogi 2.65 + 0.26 0.26 • 0.16 0.68 • 0.22 

Cerelac 2.70 + 0.01 0.28 ___ 0.07 0.68 + 0.22 

Basal 1.33 _+ 0.21 0.15 ___ 0.03 0.27 _ 0.13 

g r o w t h  r a t e  w a s  a p p a r e n t ,  w h i l e  t h e  u s e  o f  t h e  i n d i v i d u a l  p r o t e i n s  w a s  n o t  
a s s o c i a t e d  w i t h  s a t i s f a c t o r y  w e i g h t  gain.  A c t u a l l y ,  t h e  d i f f e r e n c e s  in  
g r o w t h  r a t e  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  C e r e l a c  c o m p a r e d  w i t h  t h e  
i n d i v i d u a l  p r o t e i n s  (soya a n d  m e l o n )  f r o m  t h e  10th d a y  o f  t h e  e x p e r i m e n t .  
S i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  g r o w t h  ra tes  o f  a n i m a l s  fed  t h e  m i x e d  d i e t  
a n d  t h e  i n d i v i d u a l  p r o t e i n s  c o m m e n c e d  o n l y  a f t e r  t h e  16th day.  N o  sig- 
n i f i c a n t  d i f f e r e n c e  h o w e v e r  w a s  o b s e r v e d  b e t w e e n  t h e  a n i m a l s  fed,  t h e  
c o n t r o l  a n d  t h e  m i x e d  d ie t s  t h r o u g h o u t  t h e  e x p e r i m e n t .  

Totol N Liver Muscle Kidney 
ooo 

(mR) 120 I*0 20 

1 " o o  

100 I 

1 30 1 5 
I i 

60 20 1 0 

r 
I0  5 

20 

CeMI So Me CeMi So Me 

o 

Ce MI So Me 

Fig. 1. Total nitrogen (mg N) in tissues of  rats during the experimental  period (mean 
• SEM) 
Ce = Cerelac, Mi = mixture  of vegetable proteins (cowpea-melon-soy), So = soy, 
and Me = melon 
�9 statistically significant difference between Cerelac and other individual proteins 
tested 
~ statistically significant difference between the mixture  and other individual 
protein tested 
�9 or ~ (p < 0.05) 
.. or ~ ~ (p < 0.01) 
. . .  or ~ ~ ~ (p < 0001) 
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Ratio [ ]  PER 

/. 
] NPR 

M alert SOy Mixture Cerelar 

Fig. 2. The protein efficiency ratio (PER) and net protein ratio (NPR) during the 
experimental period (mean • SEM). 

Tissue  r e sponse  to die tary  changes  

The  eff icacy of  the  m i x t u r e  of  vege tab le  pro te ins  over  the  use  of  indi- 
v idua l  p ro te ins  was  fu r the r  inves t iga ted  b y  the  total  we igh t  gain  of  the  
var ious  t i ssues  as g iven  in Table  4. In  this respect ,  however ,  no s ignif icant  
d i f ference  could be  observed .  On the  o ther  hand,  as s h o w n  in F igure  1, the  
increase  in t i ssue  n i t rogen  con ten t  in the  g roup  of  an imals  rece iv ing  the  
m i x e d  diet  and  those  k e p t  on the  contro l  was  similar.  In  con t ras t  signifi- 
can t  d i f fe rences  were  obs e rved  wi th  g roups  t rea ted  wi th  the  ind iv idua l  
p ro te ins  c o m p a r e d  wi th  e i ther  of  the  a fo r emen t ioned  diets.  

In  the  p re sen t  w o r k  P E R  and  N R P  were  ca lcula ted  in the  var ious  d ie ta ry  
g roups  (Fig. 2). The  m o s t  f avourab le  va lues  were  a p p a r e n t  in g roups  
t r ea ted  wi th  Cere lac  (control) and  the m i x e d  diets,  whe reas  P E R  and  N P R  
were  infer ior  in g roups  rece iv ing  indiv idual  pro te in  sources .  

D i s c u s s i o n  

I t  m igh t  be  conce ivab le  to exp la in  these  obse rva t ions  on the basis  of  the  
a m i n o  acid con ten t s  in the  r e spec t ive  diets  as well  as rat ios of  the essent ia l  
to non-essen t ia l  amino  acids. Melon pro te in  conta ins  high con ten t s  of  
me th ion ine ,  t r yp tophan ,  and  arginine  in p ropor t ions  tha t  are m u c h  h igher  
than  the  o ther  vege tab le  prote ins ,  tha t  were  tes ted  (16). On the  o ther  hand ,  
c o w p e a  pro te in  is k n o w n  to be  r ich in lysine whi le  soya  b e a n  pro te in  
conta ins  apprec iab le  a m o u n t s  of  cyst ine.  Feed ing  wi th  a m i x t u r e  of  these  
p ro te ins  m a y  there fore  a p p r o a c h  a profi le  equal  to tha t  of  an  ideal protein.  
The  resul ts  ob ta ined  in the  p resen t  w o r k  s u p p o r t  the  a b o v e  hypo thes i s  
s ince d ie ta ry  t r e a t m e n t  wi th  the  m i x e d  diet  resul ted  in adequa t e  g rowth  
and  n o r m a l  t i ssue  n i t rogen  contents .  

In  the  deve loped  world ,  mi lk  and  dai ry  p roduc t s  are cheap  and  readi ly  
access ib le  to n e e d y  mothers .  On the  o ther  hand  the  deve lop ing  wor ld  
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l a c k s  a n  a d e q u a t e  s u p p l y  o f  t h e s e  p r o d u c t s .  I n  t r o p i c a l ,  d e n s e  f o r e s t  
r e g i o n s ,  w h e r e  p a r a s i t e s  m a k e  t h e  b r e e d i n g  o f  c o w s  a l m o s t  i m p o s s i b l e ,  t h e  
a c c e s s  to  d a i r y  p r o d u c t s  is  p r a c t i c a l l y  a b s e n t .  D u r i n g  w e a n i n g  t h e  m o t h e r s  
m a y  p r o d u c e  l o w  q u a n t i t i e s  o f  b r e a s t  m i l k  b e c a u s e  o f  i n a d e q u a t e  f o o d  
i n t a k e  (17). S i n c e  g r o w i n g  i n f a n t s  n e e d  a d e q u a t e  p r o t e i n  d u r i n g  t h e  p e r i o d  
o f  w e a n i n g ,  t h e y  c o n s t i t u t e  a h i g h l y  v u l n e r a b l e  t a r g e t  (17, 18). I n  t h e  s e a r c h  
fo r  a l t e r n a t i v e  s o u r c e s  o f  p r o t e i n s  to  m i l k  p r o t e i n s  i t  is  p r o p o s e d  in  t h i s  
c o m m u n i c a t i o n  t h a t  a m i x t u r e  o f  d i g e s t i b l e ,  v e g e t a b l e  p r o t e i n s  m a y  b e  
a p p l i e d  in  t h e  p r e p a r a t i o n  o f  w e a n i n g  foods .  
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