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ABSTRACT 1 

The effect, of 50 per cent restrictfon in energy and protein intake in young adult rats has been 
studied. Two groups of rats were fed for 10 days (Stabilisation, Phase I) an isocaloric diet with two 
levels of brotein: 20 per cent (20 P) or 10 per cent (10 P). At the end of Phase I, each protein group 
was sub-divid+ into two groups--a control group and an experimental (Restricted) group - and fed 
ad libitum or af 50 per cent level of the respective diet for a further period of 10 days (Phase II). The 

' animpls were then sacrificed and organs and carcasses preserved for analysis. The results showed 
highqr food consumption and lower weight gain in the ad libitum fed 10 P group compared to 20 P 

1 group during Phase II. Fifty per cent diet restriction resultedin nearly identical reduction in weight 
gain in both the groups.lThough nitrogeq (N) balance was reduced drastically during diet restriction, 

I it remained cleply positibe in the 20 P restricted group, while it was just maintained in the 10 P 
restricted group. The carcpss and tiss,ue composition data showed that the loss in weight was due to 
extensiye depletion of ligids in both the food restricted groups without degradation of the protein 
component. The study thus demonstrates that short- term 50 per cent diet restriction did not result in 
protein degradation whenimaintenance need of protein is met. 

I 
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1. IN1;RODUCTION underfeeding, alihough the body tries to economise 

~ ~ i o c a l o r i e  feeding is 9 form of dietary stress the 'need for protein and energy 4'5, . . inadequate 

experienced by $ever 1 groups of population the amounts of protein in low-calorie diets could result I 
worldover for variouf reasons. Low-calorie diets in degradation of body prdteins for energy 
coupledlwith exercise were employed as a weight purposes3'6'7. The present study has  undertaken to 

reducing lregimen by the obese people'. During investigate the optimal level of dietary proteins 
Ramdan, the M u ~ l i m  community observes required to maintain body nitrogen Status in rats 
dawn-to-dusk fast2. ion the other hand, military under condition of 50 per Cent food restriction, for 
personnel, while on long-range patrol speration, short periods. The results obtained hitherto would 

are advocated 50 per dent food restriction from provide a guideline to formulate satisfactory diet 

logistic conbiderations dkmanding optimisation of for sub-optimal feeding of military personnel. 

load contribbted by ration packs, bksides a ,battery 
3 of technical eqyipment . I 2. MATERIALS & METHODS 

The nutrient composition of rptions meant for 2.4. Experimental Diet & An[mds  

sub-optirn I feeding pluys un i114porli1111 rolc i ~ r  
l! 

'I'l~c co~~~l )os i l i o l~  ol' tllc tlicts usctl i r ~  111c slutly 
overcomi g the effects b f  malnutrition. During are given in Table 1. Thirty-two young adult albino 

Kcccivcd W Scp~kber 1W5, reJised OY August I996 
I 
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Constituenl 10 1' 20 1' 

207.0 

wus suI)-dividcd in lo  Groups I ,  2,13 i l ~ l c l  4. *IqIlcse 
I 

groiil)s, wcrc 1111rtc1icJ will1 rcsl)cct t o  licir wcigl11 r 
gaip and fodd intake patterns during the 

P 
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Stabilisation period. By ' t  is process,* animals of 
Group A were t l i ~ l r i b u l c d  1110 Groups 1 ulld 2 a ~ l d  

1 
those of Group B into Grou* 3 and 4. Groups 1 
and 3 were continued on ad libitum feeding of 10 
P and 20 P diet respectively f i r  a further Period of 
10 days. On the other hand, Groups 2 anq 4 were 
fed respectively 10 P and a0 P diet in amounts 
equal to 50 per cent of the qdantities consumed by 

1 
them during Phase I. This experimental prqtocol is 
schematically represented in Fig. 1. T N ~  body 
weight and food consumption rycords of1 all the 
groups  were rfiaintained throughout  the 
experimental peridd. 

I 
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2.2 Collection oflurine, Faeces & Various 
Tissues I I 1 1 

Refined groundnut oil 
1 

Vitaminised starch** 

Shark liver oil*** 
I 
4 

Mineral mix**** 

Corn starch edible 

* High protein casein 

* + Prepared as per Indian Standard (1975) 
I.S. 7481-1974' 

Fortified with a-tocopherol acetate 
(10 mg per g oil): Ig shark liver oil provided 
vitamin A 1500 I.U. vitamin D 100 I.U. 

**** Prepared as per Hubbell, et a19. 

0)1 days 8 to 10 of Phase I and on ays 4.5,9 
and 10 of Phase 11, animals of all the fo 1 r groups 
were placed individually in metabolic cages for 
collecting urine and faeces 'for analyBis of N 

110 content, as described earlier . 

rats (=I80 g) from the laboratory animal facility 
were divided into two Groups, A and B, of .16 
animals each and fed ad libitum diet 10 P and 20 P 
respectively for 10 days (Stabilisation, Phase I). On 
the eleventh day, each of these Groups (A and B) At the end of Phase 11, the ahimals were killed 

under anaesthesia by injecting nembutal (50 mglkg 
b.w.) intraperitonially. Organsltissues, such as 
liver, gastrocnemius musclel and epididymal fat 
pads were quickly excised, weighed and stored in 
a deep freezer at -2'0 OC, until analysed. The 
carcasses made ingesta-free yere autoclaved in 
cans at 15  psi for 15 min add stored as above. 

Adult albino rats 
32 Nos (=/go g each) 

I 

I Stablisation : Phase I I 
16 rats Group A 

Fed ad libitum 10P diet 
for 10 days 

16 rats Group B 
Fed ad libitum 20P diet 

for 10 days 

Matched wrt 
food intake and 

weight gain 

Matched wrt / food intake and / 
weight gain 

I 

2.3 Chemical Analysis 1 
The nitrogen (N) in urine! faeces and 'diet was 

determined by the micro-Kjeldahl method. Protein 
in diet was calculated as N 6.25. Urinary urea and 
creatinine were estimated by the meibod of Geyer 
and ~ a b i c h "  and  itche ell'^, respeclively. Frozen 

1 carcass samples were processed according to the 
method of Mickelson and ~ n d e r s o a l ~ .  The carcass 

8 rats 8 rats 8 rats 8 rats 
Group 1 Group 2 Group 3 ' Group 4 
Control Experimental Control Experimental 
Fed ad libitum Fed 10P diet Fed ad libitunr Fed 20P diet 
10P diet for 50 % of the 20P diet for 50 % of the 
10 days amount 10 days amount 

consumed consumed 
during I during 
Phase I for Phase I for 
10 days 10 days 

and the various organsttissues were, analysed for 
moisture content by vacuup drying at 70 OC. 

Muscle  proteins  were frlactionated into 
sarcoplasmic, myafibrillar and itromal proteins, as 

1 

1 

Figure 1. Schematic represenlation of the experimental protocol 



VISWANATHAN, et a1 : EFFECT OF ENERGY & PROTEINS RESTRICIIONS ON RATS 
I 
I 

described by ~ e l a n d e r l q  Protein content in these 
fractions and liver tissuqs was determined by the 
method of Lowry, et all5. ag modified by ~ u n r o ' ~ .  
Total lipids in 1iver:muscle and epididymal fat pads 
were determined by \he method of Folck, e t  a1.17, 
and the carcass fdt ,by Soxhlet extraction using 
petroleum ether (40-b0 OC). The carcass composi- 

Table 2. Food intike, weighf gain and food emciency ratio of 
rats fed 1 0  P or 20 P diets during various dietary 
rceirncns 

Diet Stabilisation Diet restriction Phase I1 

Phase I1 Control Experimental 

Food intake 10 P 13.51k1.16 
glday 20 P 13.37k0.84 

tion was calculated by combining the respective 
values for organs/lissue; with thope for residual 
carcass. i 

Weight 10 P 3.04k0.63 
gain* gIday 20 P 3.31k0.55 

Food effici- 10 P 0.23f0.04 
1 

ency ratio 20 P 0.26i0.03 

Values are mean i S.D. for 15-16 rats in each group 
in Phase I and for 7-8 rats in each group in 
Phase 11. 

2.4 Statistical Analysis , I 

The data expressed qs 'mean f S D  were 
analysed by Students 't' test. I 

1 
, I 

3. THE RESULTS 
I 

3.1 Food Intake, Weight Gain & Food 
Efficiency Ratio 

Significantly different from the corresponding values 
during Stabilisation Phase I at P < 0.05, 0.01 and 
0.001. respectively. 

Significantly different from the corresponding 
{values for 10 P diet fed group at P < 0.05. 

The food consumption and weight gain of 911 
the animals were similar during Phase I; 
irrespective of the prdtein level in the diet fed 
(Table 2 ). On the other hand, during Phase 11, the 

1 Weight gainlg food intake. 
I 

I 

control groups fed a d  libitum either 10 P or 20 P 
diet showed significant (P < 0.05) differences in 

4 
1 

Table 3. Nitrogen balance In rats fed 10 P or 20 P diet during various dietary regimens 

Diet ~ t ib i l i~a t ion  Diet restriction : Phase 11 
Phase I Days4&5r  Days 9 & 10 
ddys 8 - 10' 
-- - 

I controt 
- -- - - -- - - - - -- - - - Experimental Control Experimental 

i Nitrogen intake (mglday) 

Nitrogen in urine (mglday) I 

1 Nitrogen in faeces (mglday) 

Nitrogen balance i(mg1day) 

I I *,**,*** SI~nl l ' l c~~~~l , ly  t l l l lb ic~~ l  II.~III 1110 corrorl)o~wll~~g c o ~ i l ~ o l  VII~IICN 111 I' .: O.O%, 0.0li11~tl 0.001, ~rs l *c : l iv r ly  
I 

t ~ i ~ l l i ~ i c u n l ) ~  diffcrcnr from lilt corrtapolding valucu during ~ I I I ~ , ~ ~ ~ Y ~ I I ~ O I I  I'II~ISC I (I)  < 0.05) 



loot1 llllnke nrltl welgl~l ~ I I I I ~ .  Atlil~rirls ol' O~.oul) I 
fed 10 1' diet c r d  l ib irun~ cotisu~ncd ltrrgcr crtnouat of 
food and showed lesser weight gain cotnp:lrcd to 
Group 3 fed 20 1' diet c r r l  libirtrrrr. As it result, the 
food conversion ratio is lower in Group 1 animals. 

I 
The loss in body weight observed in food restricted 
Groups 2 and 4 during Phase I1 was nearly 
identical. 

i 

3.2 Nitrogen Balance & Urinary Urea & 
Creatinine Output 

Fifty per 4 cent diet restriction caused a 
concomitant reduction in N intake, which, in turn, 
resulted in 20-30 per cent reduction in urinary N 
and 40-50 per cent in faecal N4in both the restricted 
Groups 2 and 4 (Table 3). Consequently, the N 
balance fell by 85-90 per cent in 10 P group and by 
70-75 per cent in 20 P group. Although, one animal 
oui  of seven in Group 2 showed mayginally 
negative N balance throughout Phase 11, the overall 
N balance in the group was just maintained. 

The changes in urinary urea (Table 4) followed 
I 

the pattern of urinary nitrogen, the output being 
lower in Group 1 than in Groub 3. The urea output 
declined in both Groups 2 and 4 as a result of 
restricted feeding. On the contrary, the urinary 
creatinine values (Table 4) of both dietary protein 
groups (10 P and 20 P) showed the trend of a 
gradual increase over the 20-day ad libitum feeding 

period, irrcspeclive level of: f'eedilrg. l i l o d  

rcslriclion llud no 

1.3 wte* lg l~tn  k C O I I I ~ O P J ~ ~ \ O I I N  or ' I ' INNII~~s  

The gross weight of liver and gastrocnemius 
muscle of animals of ~ r o u ~  3 fed 20 P diet were 
significantly greater than those 01 Group I 
maintained on 10 P diet, (Table 5). d he fat pad 
weight, on the other hand, showed an increasing 
trend (not statistically significdnt) in Groups 1 and 

I 3, irrespective of their level of feeding. ,As a result 
of diet restriction, the different organs qf Groups 2 
(10 P) and 4 (2P P) lost weigh: to varying degrees. 
The liver exhibFted the maximum loss (29 per cent 
in 10 P diet group and 37 pet cent in 20 P diet 
group) followeh by fat pads (25 per cent in 10 P 
die! group and 131 per tint in 20 P died group) and 
muscle (9 per ceht in 10 P diet grou and 13 per 
cent in 20 P diet group). Analysis of 9 iver showed 
that restricted feeding led to fthe depletion of 
absolute amounts of moistu're, lipid ahd protein in 
liver (Table 6). The inciease observed in the lipid 
concentration, when expressed as gI100 g tissue, is 
ascribed to the lower body weight of these animals. 
The liver content was not different in both 
the diet-restricted Groups 2 and 4, whether 
expressed on whole tissue, basis or per cent-wise. 
The moisture content of muscle did not show any 
change due to various dietqry treatments. On the 

1 

Table 4. Changes in urinary urea and creatinine excretion of animals sut+jecteh to different dietary treatments 

Diet Stabilisation Diet restiiction : Phase lI 
Phase I Davs 4 & 5 

I 

Days19 & 10 
days 8 - 10 Control Experimental Control \ Experimental 

Urea (mglday) 

98.1k16.2 ;98.5&14.5" 

223.6i1 4.9b ' 195.3f 19.4' 
I 

Creatinine (mglday) ! 
l o p  3.ook0.54' 3 . 5 0 k 0 . 7 4 ~ ~ ~  3.91k0.89~ 3.8950.38~ ,3.53f 0 . 6 5 ~ "  

20P 4.5 1k1.28" 4.84k1.66= 4.45k1.34' -- -- . - 4.90f0.7 la+ '5.14k0.96" -- . 
Values are mean k S.D. for 12-14 rats in Phase I and for 6-7 rats in each group in Phase 11 1 

a,b,c Values not sharing a common superscript in a row are significantly. different at P < 0.05 level! 
I + Significantly different from the corresponding values for 10 P diet fed group at P < 0.05 level 

I I 
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Table 5. Organ weights of ad libimm fed control and dlet 
restricted anlmals I 

I 

contrary, the lipid content showed a marginal 
decline due to diet restriction. The various muscle' 
protein fractions also did not indicate any alteration 
as a result of diet restriytion (data not presented). 

Organs ' Diet Diet restriction : Phase I1 , 
Control Experimental , 

Liver, g 10P Although, the carcass moisture did not 
undergo any change in absolute amounts, an 
increase was observed when expressed as 
percentage on account df food restriction, which is 
attributable to the lower body weight of these 
animals. Diet restriction resulted in drastic 
depletion of carcass fat. The carcass fat content of 
both control and experimental groups on 10 P diet 
appeared to be higher (although not significant) 

Muscle, g 10P 

1 
3.034. 19' 2163+0.16* 
(1.28+0.07) ' 
. -- (I .  19+0.05)* 

Values are mean k S.D. for not less than $ rats in 
each group 1 

compared to their counterparts on 20 P diet. The 
carcass protein content did not exhibit any change. 

4. THE DISCUSSION 
Significantly differedt f i m  the corrcsponding The metabolic responses of animals to food 
control values at P < 0.05 

restriction depend on several factors, such as 
Significantly diffeient from the :orresponding 
values for 10 P diet fe'd group at P e 0.05 , energy and protein content of diet and degree and 

Values within parentheses indicate relative weights. . duratioh of deprivation18119. A lower weight gain 
viz.. gI100g body weight was observed in the control group on a lower 

Table 6. Composltlons of liver, muscle and carcass of ad libifum fed control anh dlet restelcted experimental animals 
I 

Trait Diets L ~ i v e r '  ~ u s c l e ~  carcass3 

4 Control Experimental Control Experimental Control Experimental 
I gllOOg liver g/100$ muscle g1100g body weight 
I 

Moisture P 67.54k1.48 70.49&0.52* 75.89~0.97 75.41k1.74 S4.77k3.94 59.7~~2.06. 
(5.91k0.591) (4.16k0.32;) 

I 
Total lipids 10P 

I 20P 
L 

1 

Protein I IOP 

20P 1 17.94k2.34 18.68i2.12 20.2Sk0.35 20.24k0.61 22.5k2.81 ,20.55+1.49 
I (l.Mi0.21) (1.21&0.17*) 

I 

Values kre mean S.D. 1) 4 animals in 10P groups and 6-8 animals in 20P groups. 2) 4 animals in each'group. 

Values within parentFses represent absolute weights in g.: 

*,**,*** Significantly different from the corrusponding control values at P < 0.05.0.01 and 0.001 levels respectively 

+ Significsn!ly different frdm the correspundit~g vulue b r  101) Jict id gruup 1 I' < 0.05 level. 
I I 



prolci~r clict, clcspitc a lligllcr food i ~ ~ t i ~ k c ,  bccause 
the animals were able to mcct the marginal 
deficiency of protein by increasing their food 
intake. But the edccss energy tllus ir~gested does not 
contribute to gaih in body weight but is dissipated 

20,2 1 as heat by diet-induced thermogenesis . 
Nitrogen balance studies showed a significant 

reduction in body weight in both the diet-restricted 
groups. Animals~on a LO P protiin diet were able 
to maintain N equilibrium on a 50 per cent diet 
restriction because they received maintenance level 
of protein. National Research has 
recommended a diet with 4.4 per cent protein as the 
maintenance need for adult rats: Examination of N 
excretion pattern showed an immediate decre+se in 
N excretion following diet restriction, which 
depicts the adaptive mechanism of the body to low 
N intakes. A corresponding reduction in the output 
of urea indicates, inter alia, a biminishyd hepatic 
gluconeogenesis, a step towards protecting the 
body protein from breakdown23. Urinpry 
creatinine, an index of muscle mass, did not decline 
as expected in restricted animals, indicating 
absence of breakdown of muscle. The higher value 
observed in the high protein group is in agreement 
with the findings of ~ i s c h e r ~ ~ .  

The data on carcass and tissue composition 
illustrate a drastic depletion of lipids at both whole 
body and tissue levels in diet-restricted groups. On 
the other hand, the protein fraction, especially of 
the muscle, which is considered the largest 
reservoir of the body protein, did not undergo any 
alteration. This is supported by the N balance data 
and indicates that the body has~onserved the tissue 
protein, mobilising lipids for energy purpose. Our 
finding is supported by the fact that the body 
protein does not undergo de radation until the 

25 56 adipose stores are exhausted 1 . 
Interestingly, the carcass, liver and fat pads of 

animals of low protein diet g;oups (1 and 2) had 
marginally higher levels of fat compared to their 
respective high protein diet groups (3 and 4). 

Alll~ougll tllc lrigllcr lipid cd,~~tcrlt i r ~  Groups 1 urld 
2 is within the normal range, $t could not have been 
due to deficiency of lipotropic factors, ps our diet 
corltrrirled adequate ar~lourlts of cl~oline. Iillis could 
be attributed to factors like increased production of 
triglycerides to levels which su1;pass the ability of 
liver to metabolisevinterfere with li oprotein 
formation and release, etc. 27.28 

P 
I 

The present, study demonstrates thht young 
adult rats are ablk to maintain N equilibrium when 
subjected to restricted feeding Ifor short periods, 
even on a low $otein diet. This finding suggests 
that during energylprotejn restriction, the body 

I J 
assumes a metabblic adaptive trend simrlar to that 
which occurs when the body begins to q i f t  from a 
'fed to a fasted economy'. The nod-protein calories 
supplied during food depriyatioi markedly help 
reduce urinary loss of N (protein sparing action) as 
reflected in urinary urea output. Thus, the study 
also suggests that the adiposi tissue has a major 
role t,o play in short-term energy and protein 
restriction and that the body protein is protected 
from degradation when maintenance level of 
dietary protein is prpvided. . 
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