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S U M M A R Y

The study deals with the effect of various proteins (egg-white, casein, 
opaque-2 corn, common corn and gelatin) on rats in both normal and 
protein deficiency states.

Opaque-2 corn is as efficient a protein source as casein or egg-white. 
Within a 15 day recovery period from a deficiency state, none of the 
proteins caused the recovery to normal levels of all the parameters studied 
(plasma proteins, hepatic fat, weight of animals); opaque-2 corn was the 
most efficient in the recovery of normal body weight, plasma proteins, a l ­
bumin and ^-globulin. For the recovery of liver fat levels, egg-white, ca ­
sein and gelatin were the most efficient.

The authors conclude that for recovery within a short period of time, 
although normal growth is attained, a single protein diet is not sufficient 
and an association of proteins is suggested to accelerate the process.

INTRODUCTION

This paper describes part of a program to study the effect 
of various proteins on the development of animals, the pro­
phylactic effect against future protein depletion and the effect 
on protein recovery from a deficiency state. This information
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is of fundamental importance since it would contribute to 
the knowledge of how to proceed in cases of protein deficiency 
in humans, especially in children. For the world, in general, 
and particularly in various areas of Brasil, the incidence of 
human protein deficiency is high because of the inadequate 
intake of proteins that results from the wrong choice of pro­
teins for human consumption (1 ).

The results presented refer to experiments carried out in 
rats kept on diets with the following protein sources: egg al­
bumin, casein, opaque-2 corn, common corn and gelatin. Casein 
and egg albumin were used as standard proteins. Two types 
of corn were chosen because com is commonly eaten by the 
population. Opaque-2 corn (MO-2) is of particular interest 
because it offers a much better amino-acid balance than com­
mon corn (C C ) (2-7).

M A TE R IA L  AND  METHODS

Animals - young albino Wistar rats were used as the ex­
perimental subjects. The initial weight of the animals is indi­
cated in the description of the various tests.

Diets - the following diets were used: 
protein x  g: peanut oil 4ml: cod liver oil 2ml; mineral salts 2g 
(8 ); vitamins 2ml (9 ); sugar q.s.p. (90 - x  g ).

Protein was supplied at a level of 7g/100g of ration by one 
of the following sources:

OV - egg white 
CAS - casein 
MO-2 - opaque-2 com*
CC - common corn 
GE - gelatin 
PF  - protein free

Control Methods:

(a ) weighing of the animals on alternate days;
(b ) plasma protein determinations (electrophoresis) (10);
(c ) liver fat determinations (11).
Blood was obtained by cardiac puncture.

* Obtained Irom tbe Instituto Agronòmico de Campinas.
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EXPERIM ENT I

Young rats of a 95g average body weight were kept for 15 
days on a control diet (O V ). A fter this period they were fed 
the protein free diet (P F ) for 15 days**, and then by a pro­
tein recovery diet containing OY, MO-2, CC or GE, for 15 
days. Ten rats were used as experimental controls for each 
diet. They were fed on the OV, MO-2, CC or GE diet for the 
entire 45 day period.

EXPERIM ENT I I

Young rats of a 75g average body weight were kept for 15 
days on a CAS, MO-2, CC or GE diet. They were then fed the 
protein free diet (P F ) for 15 days** and later a protein reco­
very CAS diet for 15 days.

The number of rats was always sufficient to allow for the 
sacrifice of 10 aimals at the end of each observation period.

RESULTS
Experiment I:

The variation in body weight is presented in Figure 1.
The greatest weight recovery was obtained with the MO-2. 

The GE was not efficient in the recovery. Table I  shows the 
results for body weight, liver fat and plasma proteins.

Plasma albumin decreased significantly during the period 
o f protein depletion. It recovered to normal values after 15 
days on the MO-2 and O V diets, but not on the CC or GE diets. 
Recovery of °c i—globulin was attained with MO-2 and CV. The 
/3-globulin level which increased during the period of protein 
depletion, returned to normal after 15 days on OV, MO-2 and 
GE, but remained lower on MO-2 diet. The recovery diet of 
15 days on MO-2 produced a significant improvement of al­
bumin, cc j and /?-globulin. L iver fat increased during the de­
ficiency period. It returned to normal only on the OV diet 
while total plasma protein returned to normal after 15 days 
on both the MO-2 and OV diets.

•* Five rats fed the OV diet were pair-fed with the groups which was fed the protein­
free diet (PF).
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15 3 0  4 5  DAYS
F i gu re  1. Va r ia t ion  in body  w e i g h t  o f  rats f ed  iniat ia l ly w i th  O v o a l b u m in  

( O V )  (7g/100g diet )  f o l l ow ed  by  15 day s  on a protein f r ee  

diet ( P F )  and  then kept  f o r  15 days  on a diet containing  as  

protein source  o p a qu e -2  corn o r  comm on  corn ( M O - 2  or  C C ) ;  

o r  ovo a l bu m in  ( O V )  o r  gelat in ( G E ) .  The  protein content  of  

the O V ,  M O - 2 ,  C C  or  G E  diets w a s  7g/100g o f  ration.  A n  av e r a g e  

o f  15 ob servat i ons  w a s  m ade  f o r  each determinat ion.



BODY W E I G H T ,  LIVER FAT AND PL AS MA  PR OTE IN S  OF R A T 8 ( * )  FED O V O A L B U M I N  DIET FOR 15 DAYS ( O V ) ,  

F O L L O W E D  BY 15 DAYS ON PROTEIN  FREE DIET ( PF )  AND 15 DAYS BY RECOVERY  WITH O V O A L B U M I N  

(Rec.  O V ) ;  OR O P A Q U E - 2  CORN (Rec. MO -2 ) ;  OR C O M M O N  CORN (Rec. CC ) ;  OR G EL AT IN  (Rec. G E )

£
5

£
£

£
e»

o
¡A

H
IA

©
•**

o
00

C4
©

©
»N

0
O

O
©

>*
©

o
o

"
©

"
cT

©
**

•H
+1

■HLA
+1©

+1©
-H©

CO
•*<

t>
C»

0*
t-

to
©

CO
©

o
©

©
©

©

£
£

5
5

£
0

00
C4

CO
u>

lO
to

04
o

o
0

©
^

©
©

2
CO.

©
o

*
©

©
©

©
+1

+1
+1

+1
+1

_
■**

O
Î

rt*
0

00
lA

H
g

i
CD

to
0

iH
0-

<wl
CO

«0
04

04
o©

3
cT

o
©

©
©

©
V**
*>S,

ffl
1 

—
iH

CO
00

CO
0-

©
CO

IA
C4

CO
to

O
' 

o
O

©
1

©
^

©
©

C*l
o

o
©

©
*

©
©

-1
+1

+1
M

+1
+1

+1
z

o
y

CO
CO

©
’O«

CO
93

93
©

0
f

IA
*“

C4
CO

co^
co

04
U1

1 
o

O
©

*
©**

©
**

©
H

i

O
£

£
J

£
0

£

CC
1-1

00
04

04
H

00
03

00
IA

CO
O

q
.

©
o

0
O

©
H

H
©

o
©

*
cT

©
~

©
"

+1
+1

-H
+1

-H
M

<
00

IA
tA

©
IA

0
CO

CO
IA

©
IA

S
IA

©
IA

<0
©

O
©

"
©

©
©__L

<
cS

o
£

«1
O

O
e

-J
93

C4
IA

©
CO

0.
Ë3

o
o

'
IA©**

o
'

00©
0*©

a
■H

■H
+1

-H
+

i
-H

«
CO

©
©

H
to

H
H

©
r-

H
CO

c
i

CO
CO

o
f

coCtf
£

£
£

£
0

—
LA

LA
00

©
©

IA
5

C4
C4

IA^
O

â
O

©
"

©
©

©
"

■H
+1

a
-H

+
!

»H
©

^
N

CO
to

la"
CO

CO
la"

V

JJ 
_

A
o

£
0

£
£

ï 
-H

00
CO

©
03

03
LA

**- —«• o
CO

00
OS

CO
CO

I. 
o

o
o

"
©

~
©

“
©

"
©

■» 
o

+1
+1

-H
+1

+1
+1

*—
 “V.

J
 

a
00̂CO

oV
IA^
r-~

00̂
 

o>
©

^
CO

tom

4<JC
H

LA
CO

a»
93"

CO
t»**

IA
H

©
©

iH
©

«If 
_

► 
Q

+1
+1

+1
+!

+1
+1

©
^

LÂ
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The protein content of the OV, MO-2, CC and GE was 7g/100 diet. (Same situation as fig. 1). 
(*) initial average body weight - 95g.
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15 3 0  4 5  DAYS
F ig u re  2. W e ig h t  v a r ia tio n s  o f ra ts  k e p t 15 days  on d ie ts  c o n ta in in g  v a ­

rio u s  p ro te in  sources: casein  (C A S ) ;  o p a q u e -2  co rn  ( M O - 2 ) ;  
co m m on corn  (C C );  o r g e la tin  (G E )  fo llo w e d  b y  a 15 days o f  
p ro te in  fre e  d ie t ( P F ) ,  an d  fn a liy ,  a 15 d a y ’s re c o v e ry  perio d  
on C A S . T h e  re c o v e ry  so lpe w a s  no t s ig n if ic a n tly  d if fe r e n t  fo r  
a n y  o f th e  d ie ts  ( p > 0 ,0 5 ) .
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The control rats, fed the entire 45 days on the OV, MO-2 
or CC diets, attained a weight of 130,6 ±  18,2g, 142 ±  28,lg  
and 82 ±  7,4g, respectively. This weight was not significan­
tly  different from the final weight after recovery of rats sub­
jected to the 15 days protein deficient period (Figure 1).

Experiment I I :

Rats of 75g mean body weight developed well on diets con­
taining CAS or MO-2 as protein sources. The CC diet was in­
ferior and the animals kept on the GE diet lost weight ra­
pidly and finally died (Figure 2).

The recovery rate of these animals with Casein was not 
different for rats fed initially with CAS, MO-2 or CC. The 
results for liver fat, body weight and plasma proteins are 
presented in Table II.

The lowest liver fat value was obtained with CAS, sugges­
ting that this protein is the best for protection against fatty 
liver. A fter 15 days on CAS or MO-2 diets, the results for 
plasma protein were not significantly different; however both 
were significantly different from the plasma protein values 
of rats on CC diet.

DISCUSSION

This study was carried out w ith 7% protein diets, because 
this is the level in common protein sources such as com or 
rice. Protein deficiency was induced by a protein free diet 
without prevention of coprophagy. In previous study (un­
published results) we observed that with a protein free diet, 
the animals suffered a loss of appetite. A t the 15th day, the 
mean daily intake was 7,2 ±  0,82g for rats fed a protein free 
diet and 10,0 ±  2,lg for a 25% casein diet. The loss of body 
weight was not only a result of the decrease of total caloric 
intake, since the animals of the pair fed group gained weight.

The results suggest that the best sources of protein tested 
for recovery from protein deficiences were opaque-2 corn, 
egg-white and casein. Opaque-2 corn was the most efficient 
for recovery of body weight.

A fter 15 days on a protein free diet the rats presented: 
high liver fat and /3-globulin plasma level and decreased to-
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tal plasma proteins, albumin and œ î-globulin. They recovered 
well when fed ovalbumin or opaque-2 corn from most of the 
symptoms with the exception of the fatty liver. In the case, 
gelatin was more efficient than opaque-2 corn.

When the proteins were given from the beginning as a 
maintenance diet, casein was more efficient than opaque-2 
corn for the protection against fatty liver; but for maintai­
ning the plasmatic protein level, they were similar. Common 
com was not an adequate protein for growth, total plasmatic 
protein or albumin. However, common corn was better than 
opaque-2 corn for the maintenance of low liver fat levels. 
As regards to -/-globulin, the real plasmatic concentration was 
not different for any of the situations studied. The relative 
quantity of y-globulin to total plasmatic protein was very 
enhanced in rats fed the protein free or the gelatin diet. 13- 
globulin (g/100g total protein or g/100ml plasma) increased 
significantly in protein free and common corn fed rats.

As neither opaque-2 com or casein are completely e ffi­
cient for growth, liver fat maintenance and plasma proteins 
level, it is possible that an association of these two sour­
ces of protein would improve the results.

ACKNOW LEDGM ENT

This study was supported by a grant of the “ Fundaçâo de 
Amparo à Pesquisa do Estado de Sâo Paulo” (FAPESP ).

W e also thank “Refinaçâo de Milho Brasil” through Dr. 
Wilson Lima, and “Nestlé Produtos Alimenticios” through 
Dr. Adriano de Castro, for their financial support.

R E S U M O  
D e fic iê n c ia  p ro te ica

R ecu p e raç âo  com m ilh o  o p aco -2 , m ilh o  co m u m  e p ro te ín a s  co n tro les . 
Estudo do peso c o rp o ra l, p ro te in a s  p la s m á tic a s  e g o rd u ra  h e p á tica .

E s tu d a -se  o e fe ito  de d iversas  p ro te in a s  (o v o a lb u m in a , caseín a, m ilh o  
o p a c o -2  e m ilh o  co m u m  e g e la t in a ) na m a n u te n ç â o  ou re cu p eraçâ o  de 
d e fic iê n c ia  p ro te ica .

O a n im a l u t iliz a d o  nas e x p e riê n c ia s  é o ra to .
P ro te in a  de m ilh o  o p a c o -2  fo i tâ o  e f ic ie n te  q u a n to  a caseína ou o v o ­

a lb u m in a .
R ecu p e raç âo  p o r 15 das nâo fo i e f ic ie n te m e n te  o b tid a  com  q u a lq u e r  

das p ro te in a s  testad as, e isto, p a ra  todos os p a rá m e tro s  estudados (peso  
c o rp o ra l, p ro te in a s  p lasm átic as  e g o rd u ra  h e p á tic a ) .
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M ilh o  o p aco -2 , com o ú n ica  fo n te  p ro te ica  fo i a m a is  e f ic ie n te  p a ra  a  
recu p eran d o  do peso c o rp o ra l, p ro te in a  p la s m á tic a  to ta l, a lb ú m in a  e jS -  
g to b u iin a ; no e n ta n to , p a ra  e recu p eran d o  da g o rd u ra  h e p á tic a , as p ro te ín as  
m a is  e f ic ie n te s  fo ra m : caseín a, o v o a tb u m in a , e g e la tin a .

O s a u to re s  co n c lu em  que p a ra  a recu p eran d o  to ta l, d e n tro  de um  c u rto  
p razo , e m b o ra  se te n h a  consegu ido  a t in g ir  um  c re s c im e n to  n o rm a l, urna 
ú n ic a  fo n te  p ro te ica  nao fo i s u fic ie n te , de ta l fo rm a  qu e su gerem  urna 
associanáo de p ro te ín a s , as q u a is  p ro v a v e lm e n te  a c e le ra r ia m  o processo 
de recu p erag áo .
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