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I. An experiment was done with rats (body-weight 160 g) to study the effects on fat 
metabolism and body composition of low (10 g/kg)- or high (140 g/kg)-fat diets fed as one 
meal for one 4 h period/d (meal-feeders) or as six spaced mealsld (nibblers). The daily 
energy intake/unit metabolic body-weight (body-~eight~ ' '~)  was the same for all four groups, 
and this level of intake was about 80 y!, of that consumed by rats allowed unrestricted access 
to the low-fat diet. The experimental period was 76 d. 
2. Rats given the high-fat diet deposited more body fat/d and, as a result, grew faster and 

were energetically more efficient than rats given the low-fat diet. The high-fat diet depressed de 
novo lipogenesis from glucose in epididymal and perirenal fat pads, whose fatty acid compo- 
sition resembled that of the diet. 

3. For both diets meal-feeders had greater stomach plus small intestine weights than 
nibblers and had higher plasma free fatty acid levels, when they were killed 15 h after their 
last meal. 

4. Meal-feeders given the low-fat diet had the greatest rate of lipogenesis for fat pads. 
5 .  Meal-feeders given the high-fat diet deposited less of the main dietary fatty acids in their 

fat pads. 
6.  There was no evidence that meal-feeders eating a high-fat diet adapt their metabolism 

so completely that they become more efficient utilizers than those nibbling this diet. Meal- 
feeders eating the low-fat diet became no fatter than nibblers of this diet, possibly because 
they were eating less than their daily ad lib. intake. 

When rats eat their daily food as one meal (meal-feeders) instead of several smaller 
meals (nibblers), it benefits them to regulate their fat metabolism so that the maximum 
amount of food can be stored while it is available, to be used as a source of energy 
during the period when it is not available. This applies to rats eating diets with low or 
high fat contents. Rats meal-fed with low-fat diets were found to have increased 
activity of the adipose-tissue enzymes involved in the conversion of carbohydrate to 
fat (Hollifield & Parson, 1962), and, if the total energy intake is sufficient, the result is 
increased body fatness (Cohn, Shrago & Joseph, 1955). Rats eating high-fat diets, 
however, do not rely on carbohydrate as a substrate for body fat; instead they incor- 
porate dietary fat directly into fat stores, which is energetically a more efficient pro- 
cess; this also leads to greater fatness (Schiemann, 1969). It has not been established, 
however, whether this incorporation becomes more efficient when high-fat diets are 
meal-fed, possibly as a result of adaptation of the enzymes involved in the conversion 
of dietary fat to body fat, and whether even greater fatness is obtained with meal-fed 
rats than with nibblers. It is not really relevant that the substitution of a low-fat for a 
high-fat diet removes the increased lipogenesis from carbohydrate (Leveille & 
Hanson, 1966) as carbohydrate becomes an unimportant source of body fat. We there- 
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fore decided to compare fat metabolism and body fatness in nibbling and meal-fed 
rats given isoenergetic amounts of low-fat or high-fat diets, to determine the extremes 
of body fatness, 

E X P E R I M E N T A L  

Animals, diets and experimental deszgn 
Fifty-two male Sprague-Dawley rats (So-d-old, mean body-weight I 60 g) were used 

in the experiment. Of these, twelve were killed to obtain representative values for body 
composition (‘ initial slaughter ’ group). The remaining forty rats were divided ran- 
domly by weight into four groups of ten and were treated as follows: group I was 
given the low-fat diet as one meal (one 4 h period) daily (low-fat meal-feeders, 
LFMF); group 2 was given the low-fat diet as six separate meals (low-fat nibblers, 
LFN); group 3 was given the high-fat diet as one meal daily (high-fat meal-feeders, 
HFMF) ; group 4 was given the high-fat diet as six separate meals (high-fat nibblers, 
HFN). The diets (Table I) were designed to stimulate (low-fat) or reduce (high-fat) 
de novo lipogenesis (Jansen, Hutchison & Zanetti, 1966). The meal-feeders were fed 
between 20.00 and 24.00 hours and the nibblers at 08.00, 11.00, 15.00, 17.00, 20.00 

and 24.00 hours. Each of the rats in groups 2, 3 and 4 had the same energy intakelunit 
metabolic body-weight (body-weight (W)0,73) per d as that obtained the previous day for 
a rat from group I. The rats were weighed daily at 08.00 hours and when they reached 
a mean body-weight of approximately 300 g, each ‘pair-fed’ group of four rats was 
killed. The rats were housed singly at zz0, water was freely available and they were 
exposed to alternating 12 h periods of light (08.00-20.00 hours) and darkness. 

The rats were killed by decapitation, 15 h after their final meal (at 24.00 hours). 
Water was available to them during the starvation period. Blood was collected in 
heparinized containers and plasma was obtained by centrifuging the blood samples at 
1500 g for 15 min. 

Chemical analysis of bodies and tissues 
The empty bodies of the rats (gut contents removed) were frozen, freeze-dried and 

ground, using a Wiley mill with solid CO,. The empty stomachs and small intestines 
were weighed, freeze-dried, and subsequently added to the empty body of the appro- 
priate rat before grinding. The amounts of nitrogen and diethyl ether-extractable 
material for the freeze-dried, powdered material were then estimated (Association of 
Official Agricultural Chemists, 195 5 ) .  The chemical composition of the epididymal 
and perirenal fat pads from the rats was determined separately. An adiabatic oxygen 
bomb calorimeter was used to determine the energy content of the bodies and fat pads 
and also that of the diets, faeces and urine. 

The rats in the ‘initial slaughter’ group were weighed at 08.00 hours on the first day 
of the experiment (after 8 h starvation) and were killed after 15 h starvation when 
empty-body-weight (EBW) and subsequently empty-body composition were ob- 
tained. Equations were derived to estimate EBW and empty-body composition of the 
rats in the four main experimental groups from their body-weight at 08.00 h on the 
first day of the experiment. 
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Table I. Composition of experimental diets given to rats 
Ingredients* (9) 

GIJcose 
Casein 
m-methionhe 
Maize oil 
Mineralst 
Vitaminsf 

Total 

Low-fat 

770 
I 80 

2 
I 0  

30  
I0 

I002 

High-fat 

590 
220 

2 

140 
40 
15 

1007 

Chemical analysis 
Crude protein (nitrogen x 6.25) (g/kg) 161 I93 
Water (g/kg) 82 64 

Ash (g/W 25 35 
Gross energy (MJ/kg dry matter) 16.8 22'0 

Crude protein (N x 6.25) (g/MJ) 10.4 9'5 

Diethyl ether extract (g/kg) 9 I 28 

* Dietary components were obtained from General Biochemicals Inc., Chagrin Falls, Ohio, USA, 

-f Jones-Foster complete mineral mix (General Biochemicals Inc., Chagrin Falls, Ohio, USA). 
J Complete vitamin mix (Nutritional Biochemicals Corp., Cleveland, Ohio, USA). 

except where indicated otherwise. 

Determination of metabolizable energy ( M E )  

Twenty rats of the same strain, age and weight as the experimental animals were 
divided into four groups of five each, and were then given the same diets at the same 
feeding frequencies as the animals in the main experiment. The energy intake of these 
rats was regulated as described previously. After 2 weeks in metabolism cages equipped 
with facilities for collecting urine and faeces separately, a 7 d period in which these 
materials were quantitatively collected was begun. Urine was preserved in I M-HCl. 
Urine and faeces were stored at - 20' before freeze-drying for subsequent energy 
determinations. 

Fat metabolism studies 
At the time of slaughter, portions (100-200 mg) of the epididymal and perirenal 

fat pads were removed immediately for lipogenesis studies (O'Hea & Leveille, 1968). 
The incubation medium was calcium-free, Krebs-Ringer bicarbonate buffer (2.4 ml/ 
flask) containing (/ml): P-~-[U-~~C]glucose 0-25 pCi in 5 pmol carrier, insulin 
(recrystallized bovine pancreas, batch no. 901709, 26 IU/mg ; Calbiochem, Los 
Angeles, California) 0.1 IU. This high level of insulin was used for maximal 
stimulation of lipogenesis for all groups. This is particularly important as plasma 
insulin concentrations and insulin sensitivity in adipose tissue are reported to increase 
in LFMF rats (Wiley & Leveille, 1970). Preliminary studies had also shown that these 
incubation conditions overcame any inhibition of lipogenesis due to the 15 h star- 
vation period. After the 2 h incubation period, lipogenesis was stopped by adding 
0.25 ml 0.5 M-H,SO,. Lipid from the tissues was extracted and purified using the 
procedure of Folch, Lees & Sloane Stanley (1957). The extracted lipid was then dis- 
solved in a toluene-based scintillation solution (O'Hea & Leveille, 1968) for the 
determination of its radioactivity content. 
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Table 2. Initial andJinal empty-body-weights (EBW) and energy intakes for rats given 
isoenergetic amounts of low-fat ( L F )  or Iazgh-fat (HF)  diets as six spaced meals (nibblers, 
N )  OY as one meal (for one 4 h period) (meal-feeders, M F )  daily? 

Group 
LFN 
LFMF 
HFN 
HFMF 

Pooled SE of mean 
Statistical significance of 

dietary (D) or feeding 
frequency effect 

(Mean values for ten ratslgroup) 

ME intake 
Initial EBW 3 

(d kJjkg0'7S per d kJ/d 

163.0 637.4 246.3 

166.0 636.4 254'5 
2'5 12'2 8.5 

NS NS NS 

161.0 641.1 245'2 
168.0 630.4 251.9 

Final EBW 
(g) 

285.5 
282.0 

317'5 
298'5 

9'0 
D' 

Growth period 
(4 

76 
77 
76 
76 
3 

NS 

ME, metabolizable energy; NS, not significant. 
' P < 0.05. 
f For details of diets and feeding regimens, see p. 16 and Table I. 

The  influence of the fat content of the diet on fat deposition in adipose tissues was 
determined by studying the fatty acid composition of epididymal and perirenal fat 
pads. Chloroforni-methanol (2: I ,  v/v) extracts of these tissues were methylated and 
the fatty acid methyl esters were then identified and the amounts of each determined 
using gas-liquid chromatography (Wood, 1973). 

Plasma free fatty acid concentrations were determined using the procedure of 
Dole & Meinertz (1960). 

Statistical methods 
The experiment had a balanced factorial design. Residual variance was estimated 

from a pooling of second and higher order interactions. 

R E S U L T S  

Energy intake and E B  W change 
The initial and final EBW and energy intakes for the groups of rats are shown in 

Table 2. The experimental period was 76 d. The ME content of both diets was 0.94 F 
0.003 of the gross energy for the twenty rats used. The  ME intakes for the four groups 
during the growth experiment were similar when expressed on a WO.73 basis. HQW- 
ever, the rats given the high-fat diet grew more than those given the low-fat diet and 
the daily ME intake was slightly, but not significantly, greater for these animals. The 
energy intake of the rats was about 80% of the ad lib. level (assessed from previous 
studies in our laboratory with Sprague-Dawley rats of the same age and weight). 
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Table 3. Regressions derived for ‘initial slaughter’ group* of twelve rats, from which the 
initial empty-body composition for the experimental animals was estimated 

X 

(Equation: Y = a + b X )  
Coefficient of 

Y a b Y2 variation 

Body-weight 

EBW (8) 
at 08.00 hours (g)t EBW (8) -28.1 1 . 1 0  0.98 1.36 

content (g) -15.8 0.30 0.95 1.16 

EBm7 (9) Diethyl ether extract (g) -35.9 0.28 0,64 11.87 

Protein (nitrogen x 6 2 5 )  

EBW (g) Water content (g) 56’9 0’35 0.74 1’00 

EBW f d  Energy (kJ) -1838.0 18.44 0.84 3.71 

EBW, empty-body-weight. 
* Killed before the start of the experiment. 
t Range 164-179 g. 

Chemical Composition of bodies of rats and daily increments of chemical components 
The equations from which the initial empty-body composition for the experimental 

rats was determined are given in Table 3. The  r2 values indicated that a large pro- 
portion of the variation in chemical composition between the rats of the ‘initial 
slaughter’ group could be explained by variation in EBW. The  amount of diethyl 
ether extract (fat content) was the most variable component of the empty-body 
composition. These findings are similar to those of Reid, Bensadoun, Bull, Burton, 
Gleeson, Han, Joo, Johnson, McManus, Paladines, Stroud, Tyrrell, Van Niekerk 
& Wellington (1968) who studied the body composition of sheep and pigs. 

The  chemical composition of the bodies of the rats at the end of the experimental 
period, for the two experimental diets and two feeding frequencies is shown in Table 4. 
The diet and feeding frequency had no significant effects on the final water or protein 
(N x 6.25) contents of the empty bodies of the rats, or the daily increments of these 
components. However, rats given the high-fat diet had higher concentrations of body 
fat and deposited more fat daily than those given the low-fat diet. The differences in 
final EBW and growth rate between rats given the low-fat and high-fat diets were 
therefore explained by the difference in fat deposition. Rats given the high-fat diet 
also had higher concentrations of body energy than those given the low-fat diet and 
their daily tissue gains contained significantly more energy. The  daily storage of 
energy (kJ/d) as a percentage of the daily ME intake (kJ/d) was 10.29, 11.09, 13.03 and 
I 1-85 for the LFN, LFMF, HFN and H F M F  rats, respectively (pooled SE of mean 
0.008). The effect of diet was significant ( P  < 0.05) but the effect of feeding fre- 
quency was not. 

Fat metabolism studies 
The  body fat stores of the rats in the four groups were accumulated using different 

metabolic processes. For both epididymal and perirenal fat pads, lipogenesis from 
glucose was much greater for rats given the low-fat diet than for those given the high- 
fat diet (Table 5). Lipogenesis was also greatly increased as a result of meal-feeding 
with the low-fat diet but not with the high-fat diet. It should also be pointed out that 

https://doi.org/10.1017/S0007114575000062  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114575000062


N
 

0
 

Ta
bl

e 
4.

 C
he

m
ic

al
 c

om
po

sit
io

n 
an

d 
da

ily
 in

cr
em

en
ts 

of
 c

he
m

ic
al

 c
om

po
ne

nt
s f
or
 b

od
ie

s 
of

 r
at

s 
gi

ve
n 

iso
en

er
ge

tic
 a

m
ou

nt
s 

of
 

lo
w-

fa
t 

(L
F

) o
r 

hk
h-

fa
t 

(H
F

) d
ie

ts
 a

s 
si

x 
sp

ac
ed

 m
ea

ls 
(n

ib
bl

er
s, 

N
) 

or
 a

s 
on

e 
m

ea
l 
(f
or
 o

ite
 4
 h 

pe
ri

od
) (

m
ea

l-f
ee

de
rs

, 
M

F
) d

ai
ly

t 
(M

ea
n 

va
lu

es
 fo

r 
te

n 
ra

ts
/g

ro
up

) 

G
ro

up
 

L
F

N
 

L
F

M
F

 
H

F
N

 
H

F
M

F
 

Po
ol

ed
 S
E 

of
 m

ea
n 

St
at

is
tic

al
 s

ig
ni

fi
ca

nc
e 

of
 d

ie
ta

ry
 (

D
) 

or
 

fe
ed

in
g 

fr
eq

ue
nc

y 
ef

fe
ct

 

N
S,

 n
ot

 s
ig

ni
fi

ca
nt

. 
* 

P
 <

 0
.0

5
. 

E
m

pt
y-

bo
dy

-w
ei

gh
t f

 
&

 
g 

&!Id 

28
5’
5 

I 
.6
 

28
2.
0 

I .
6 

31
7’

5 
2’
0 

9.
0 

0
2
 

29
8’
5 

I 
’9
 

C
om

po
si

tio
n 

of
 e

m
pt

y 
bo

dy
 5 

C
ru

de
 p

ro
te

in
 

(n
itr

og
en

 x
 

D
ie

th
yl

 e
th

er
 

6.
25
) 

ex
tr

ac
t 

(m
g/

g)
 

(m
g/

g)
 

2
1
0
’2

 
15
1’
3 

20
0.
3 

17
1.

2 
19
9’
0 

I 8
4.
0 

2
0

2
.5

 
17
9’
1 

I 
‘7

 
8.

1 

D
* 

N
S 

N
S 

N
S

 
D

* 
N

S
 

D
ai

ly
 i

nc
re

m
en

ts
 o

f 
co

m
po

ne
nt

s 
A

 
I 

, 

C
ru

de
 p

ro
te

in
 

W
at

er
 

(N
 x 
6.
25
) 

(9
) 

(g
) 

0.
78
 

0.
36
 

0.
72
 

0’
33

 
0.
92
 

0.
38
 

0.
78

 
0.
35
 

0
‘
1
0
 

0.
03
 

D
ie

th
yl

 e
th

er
 

ex
tr

ac
t 

E
ne

rg
y 

(€9
 

(k
J)

 

0’
49
 

27
. I

 

0.
62
 

33
‘3
 

0.
44
 

25
’4
 

0.
57

 
30

’3
 

0.
06
 

2.
4 

N
S

 
N

S
 

D
* 

D
* 

t 
Fo

r 
de

ta
ils

 o
f 

di
et

s 
an

d 
fe

ed
in

g 
re

gi
m

en
s,

 s
ee

 p
. 
16

 an
d 

T
ab

le
 I
. 

1: 
In

iti
al

 e
m

pt
y-

bo
dy

-w
ei

gh
t 

an
d 

em
pt

y-
bo

dy
 c

om
po

si
tio

n 
w

er
e 

es
tim

at
ed

 f
ro

m
 e

ac
h 

ra
t’

s 
bo

dy
-w

ei
gh

t 
at

 0
8.

00
 h

ou
rs

 o
n 

da
y 

I,
 a

nd
 th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

‘0
8.
00
 ho

ur
s’

 w
ei

gh
t, 

em
pt

y-
bo

dy
-w

ei
gh

t 
an

d 
em

pt
y-

bo
dy

 c
om

po
si

tio
n 

w
er

e 
de

ri
ve

d 
us

in
g 

va
lu

es
 o

bt
ai

ne
d 

fo
r a

n 
‘i

ni
tia

l s
la

ug
ht

er
’ g

ro
up

 (
ki

lle
d 

be
fo

re
 th

e 
st

ar
t 

of
 t

he
 e

xp
er

im
en

t)
 o

f 
tw

el
ve

 r
at

s.
 

C
ar

ca
ss

 w
ith

ou
t 

gu
t 

co
nt

en
ts

. 

m
 

https://doi.org/10.1017/S0007114575000062  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114575000062


VOl. 34 Feeding frequency and f a t  deposition in rats 21 

Table 5 .  Lipogenesis in fa t  pads from rats; the amount of radioactivity isolated as lipid 
from epididymal and perirenal fa t  pad slices following 2 h incubation+ with 0.25 p C i  
p-D-[u-14c] glucose using tissues removed from rats 15 h after the last meal of a low-fat 
( L F )  or hkh-fat ( H F )  diet given as six spaced meals (nibblers, N )  or as one meal ( for  one 
4 h period) (meal-feeders, M F )  dailyf 

(Mean values for ten ratslgroup) 

Group 

LFN 
LFMF 
HFN 
HFMF 

Pooled SE of mean 
Statistical significance of dietary 
(D) or feeding frequency (F) 
effect 

I 

Wet wt 
(€9 

3'99 
4.02 
4.84 
4'50 
0.29 

NS 

Epididy ma1 
__IL___7 

Lipid radioactivity 
(counts/min per g 

wet tissue) ( x I O - ~ )  

138 
3 20 

37 
57 
29 

D#"# 
F#** 

Perirenal 

Wet wt 
(d 

5.12 

5'51 
7'27 
6-44 
0-42 
D** 

Lipid radioactivity 
(countslmin per g 

wet tissue) ( x I O - ~ )  

94 
198 
29 
36 

D # + X  

F*#" 

22 

NS, not significant. 
** P < 0.01; I**+ P < 0'001. 
t For details of procedure, see p. 16. 
$ For details of diets and feeding regimens, see p. 17 and Table I. 

the small differences between the amount of lipogenesis for the epididymal and 
perirenal fat pads for all groups, and between groups HFN and HFMF for both 
tissues were eliminated when the results for the amount of radioactivity were ex- 
pressed on a total fat pad basis, indicating that the amount of lipogenesis/unit tissue 
weight decreases as the fat content of the tissue increases. The inhibition of lipo- 
genesis in rats given the high-fat diet was accompanied by a direct incorporation of 
dietary fatty acids into adipose tissues (Table 6). The maize oil used as the source of 
dietary fat had the following 'fatty acid composition (mmol/mol), which closely re- 
sembled that of the fat pads of rats given the high-fat diet : I 6 : o I I 5 ,  I 8 : o 20, 18 : I 
273, 18: z 586. The formation of body fat from dietary fat resulted in a greater depo- 
sition of chemical fat in epididymal and perirenal fat pads as well as in the total empty 
bodies of the rats given the high-fat diet (Table 4) and was associated with their more 
efficient utilization of energy for growth (Table 2). As for the body composition 
results, there was a slight indication that LFMF rats, as a result of their greatly in- 
creased capacity for lipogenesis, had larger fat pads than LFN rats, with a corre- 
spondingly higher saturated fatty acid composition. Conversely HFMF rats had 
slightly smaller fat pads than HFN rats with a significantly lower concentration of the 
main dietary fatty acid, 18 : 2. 

The plasma free fatty acid concentrations are shown in Table 7. These were greater 
for meal-feeders given both diets, showing that there was a greater mobilization of fat 
from adipose tissue of these rats at the time of slaughter. 

https://doi.org/10.1017/S0007114575000062  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114575000062


22 J. D. WOOD AND J. T. REID '975 

Table 6. Fat content and fa t t y  acid composition of epididymal and perirenal fa t  pads 
from rats given isoenergetic amounts of low-fat (LF) or high-fat ( H F )  diets as six spaced 
meals (nibblers, N )  or as one meal ( for  one 4 h period) (meal-feeders, M F )  daily? 

(Mean values for ten rats/group) 

Group 
LFN 
LFMF 
HFN 
HFMF 

Diethyl ether extract (g) Fatty acid composition of fat pads (mg/g)f 
-----7 - 
Epididymal Perirenal 14:o r6:o 16:1 18:o 18:1 18:2 

3'59 4.83 19'3 295.1 151 .5  23.4 426-7 80.8 

4'7' 7.01 5.8 149.6 21.0 23.4 286.7 511.6 
4.1 I 5.86 6.8 164.3 31.1 20.7 293.0 486.6 

3'65 4'97 16.4 302'4 137'2 37'1 444.1 69.2 

Pooled SE of mean 0.39 0.57 0.9 7.7 5 . 1  1.8 8.7 3'7 
Statistical significance of 
dietary (D) or feeding 

effect F** F*** 
frequency (F) D* D** D*#* D*** D*** D##* D*** D*** 

* P < 0.05, ** P < 0'01, *** P < 0'001. 
-f For details of diets and feeding regimens, see p. 16 and Table I. 
1 Fatty acid composition of epididymal and perirenal fat pads was identical, therefore results 

were pooled. 

Table 7. Digestive organ weights and contents, and plasma free fa t t y  acid (FFA)  con- 
centrations for rats given isoenergetic amounts of low-fat ( L F )  OY high-fat ( H F )  diets as 
six spaced meals (nibblers, N )  or as one meal (for one 4 hperiod) (meal-feeders, M F )  daily-f. 

(Mean values for ten ratslgroup) 

Group 
LFN 
LFMF 
HFN 
HFMF 

Wt of stomach 
and small intestine 

Contents of stomach 
and small intestine 

(g dry wt) (g dry wt) 

"99 
2'21 
2'02 
2'13 

Pooled SE of mean 0.05 

Statistical significance of dietary or 
feeding frequency (F) effect F# 

027 
1.05 
0.28 
0.73 
0'1 I 

F#** 

Plasma FFA 
(mmol/l) 

0.2 I 3 
0.242 
0225 
0'253 
0'1 20 

F* 
* P < 0.05, *** P < 0.001. 
i- For details of diets and feeding regimens, see p. 16 and Table I. 

Digestive organs and their contents 
The adaptations made by the rats to less frequent feeding include modifications to 

their digestive system (Tepperman & Tepperman, 1964). The results shown in Table 7 
indicated that the meal-feeders in the present study had heavier stomachs and small 
intestines than the nibblers and also that growth of the digestive organs had been 
stimulated in these rats as a result of their need to maximize food intake in a limited 
time period. As previously noted, however, this did not lead to an increased avail- 
ability of dietary energy. 

The  greater weight of stomach and small intestine contents for meal-feeders was a 
result of their larger final meal and suggested that absorption of nutrients may still 
have been occurring in these rats 15 h after that meal. 
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D I S C U S S I O N  

The  results for initial body composition showed that the amount of body fat was 
less rigidly associated with body-weight than the amount of protein or water. This 
suggested that body fatness could be influenced more than these other components 
by dietary manipulation. The  treatments that were subsequently imposed on the rats 
showed this to be correct although the influence of the fat content of the diet on body 
fatness was much greater than the influence of feeding frequency. The  high-fat diet 
increased fat accumulation and, through this, body-weight gain and the efficiency of 
utilization of energy. Schiemann (1969) reported similar effects and found that the 
greater efficiency was entirely the result of the lower energy cost of incorporating 
dietary fat into body fat. In  particular, there was no change in the energy requirements 
for maintenance. 

Some of the effects of meal-feeding were the same for the rats given the two diets. 
Both groups of meal-feeders had heavier stomachs and small intestines and both had 
higher plasma free fatty acid levels 15 h after their final meal. Body fat may have been 
acting, therefore, as a relatively more important energy source for both groups. 

However, the other responses to meal-feeding were apparently dependent on the 
diet. Adipose tissues from L F M F  rats had greatly increased rates of lipogenesis from 
glucose. I n  terms of body fatness this was counteracted by the greater fat mobilization 
occurring 15 h after the daily meal. The  net effect of this fluctuating pattern of fat 
metabolism was that after 76 d meal-feeders were slightly, but not significantly, 
fatter than nibblers and their daily weight gains contained slightly more energy. These 
results are different from those of Cohn et al. (1955) who force-fed meal-feeders with 
two daily meals containing a quantity of food equal to the ad lib. intake. In  the latter 
experiment, meal-feeders were considerably fatter and more efficient than nibblers. 
However, the results are similar to those of Friend (1967) who also fed both groups 
isoenergetic meals, but for a shorter time (30 d). It therefore appears that an ad lib. 
intake is necessary to produce increased fatness in meal-fed rats although many 
metabolic adaptations to the unusual feeding pattern are found when the intake is 
only 80% of the ad lib. value. 

H F M F  rats were required to adjust to the unusual feeding pattern for the same 
reasons as L F M F  rats. However, their growth, body composition and energy storage 
were not significantly different from those for H F N  rats and in almost all respects the 
effects of feeding frequency were opposite to those found for the low-fat diet. Thus 
H F M F  rats grew less quickly than H F N  rats, deposited less fat and energy, and 
incorporated significantly less dietary fatty acid 18 : 2 into adipose tissues. There was 
therefore no evidence that the efficiency of the transformation of dietary fat into body 
fat was increased as a result of meal-feeding, rather the reverse. 

It has been suggested that body composition in rats, particularly the fat content, 
can be influenced more by nutritional methods than the body composition of sheep 
and pigs (Reid et al. 1968). The  present results indicate that the daily rate of fat 
deposition in rats eating several small meals can be increased by about 40 yo by giving 
them isoenergetic amounts of a diet containing 140 g fat/kg rather than 10 g fat/kg. 
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Meal-feeding increases the rate of fat deposition slightly when the low- fat diet is given 
but does not improve the already efficient utilization of the high-fat diet. 
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