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An alteration in the meal pattern of ani- 
mals has been reported to influence body 
composition, glucose tolerance and circulat- 
ing lipid levels in a number of studies (14);  
however, these observations have not been 
confirmed in other studies (5-8). The present 
study was designed to evaluate the influence 
of meal pattern on body weight, body com- 
position, glucose tolerance and several 
plasma metabolites in growing pigs. The pig 
was chosen as the animal model because of 
the physiological similarities between the pig 
and the human (9). 

Materials and methods. Four castrated male 
Yorkshire pigs and four female Yorkshire- 
Hampshire crossbred pigs were assigned to 
each of two treatments. Pigs were housed in 
individual stalls (46 X 137 cm) with con- 
crete-slat floors. Water was available ad li- 
bitum from an automatic watering device. 

Eight pigs were allowed access to diet for 
4 hr daily for the first 7 days and then were 
fed one 4-hr meal every 48 hr for the next 
165 days. Based on the average food intake 
of the four castrated male pigs, each of the 
four other castrated male pigs were fed an 
identical total amount of food but as two 
equally-sized meals per day. Likewise, four 
female pigs were similarly pair-fed twice 
daily. Pigs fed two meals per day consumed 
their entire meal within a few minutes after 
it was offered. Pigs were weighed every 8 
days. The corn-soybean meal based diet con- 
tained 16% protein for the first 120 days of 
the experiment and 13% protein thereafter. 
The diet was initially fed in ground form but 
was pelleted after the first 60 days to facilitate 
diet weigh-back. One pig fed four meals per 
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48 hr died; however, the cause of death was 
not related to the experiment. 

An intravenous glucose tolerance test was 
conducted after the pigs had been meal-fed 
for 150 days. Each pig received 900g diet 24 
hr prior to the glucose tolerance test. Pigs 
were restrained in a padded sling prior to the 
test. An indwelling needle catheter4 was es- 
tablished in an ear vein and 0.75 g glucose 
(40% glucose in saline) per kg body weight 
was injected. Blood samples were obtained 
from the needle catheter at timed intervals 
after the glucose load. 

To obtain estimates of the levels of several 
plasma metabolites blood samples were ob- 
tained by puncture of the anterior vena cava 
just prior to a regularly scheduled meal. 
Plasma g lu~ose ,~  triglycerides6 and choles- 
terol ( 10) levels were determined as described. 

Biopsy adipose tissue samples were ob- 
tained (1  1) 4 hr after a regularly scheduled 
meal. Malic enzyme (EC 1.1.1.40) activity 
was determined on the 50,000g supernatant 
fluid (12). Protein content of the supernatant 
fluid was determined by the method of Lowry 
et al. (13). 

Pigs were killed and carcass data deter- 
mined by standard procedures (14). The 
weight of muscle was also calculated (1 5). 

The data were treated statistically by the 
student's t test. 

Results and discussion. Within 20 days the 
pigs were each able to consume 1 kg of diet 
in a 4-hr period (Fig. 1). Food intake in- 
creased to 4 kg in a 4-hr period by the end of 
the study. Pigs fed more frequently consumed 
their meals within a few minutes after it was 
offered. Body weight of the pigs remained 
relatively constant for the first 30-40 days 
and then increased (Fig. 1). Total body 
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FIG. 1 .  Body weight and food intake of pigs. Values 
represent mean f SEM for eight pigs fed one meal and 
seven pigs fed four meals per 48 hr. Pigs fed four meals 
per 48 hr were pair-fed to those receiving one meal per 
48 hr. 

weight gain was not influenced by the feeding 
frequency (Table I). The pigs gained approx- 
imately 0.35 kg per day. They would have 
been expected to gain approximately 0.65 kg 
per day had they been fed ad libitum. Pigs 
have also been pair-fed one versus several 
meals per day; no differences in carcass 
weight gain were observed (16-18). Likewise, 
dogs fed one or four meals per 48 hr exhibited 
no differences in body weight (8). These ex- 
periments as well as others (2, 7) suggest that 
an alteration in meal frequency does not in- 
fluence body weight, provided the animals 
are pair-fed. 

Estimates of body fat and muscle content 
of the pigs were obtained at the end of the 
study (Table I). Meal frequency did not influ- 
ence the results. Rats force-fed two meals per 
day accumulate more body fat than ad libitum 
fed rats (1, 2). It has also been suggested that 
humans consuming fewer meals per day have 
a tendency to be fatter (1). However, in the 
present study with pair-fed pigs and in other 
similar studies with dogs (8) and rats (7) meal 
frequency did not influence body fat. The 
reason(s) for the pronounced influence of 
meal-frequency on body fat when rats are 
force-fed, as opposed to minimal influences 
when animals are pair-fed meals, remains to 
be elucidated. 

Pigs were fed a 900 g meal 24 hr prior to 

TABLE I. INFLUENCE OF MEAL FREQUENCY ON 
BODY WEIGHT GAIN AND ON CARCASS 

MEASUREMENTS IN THE  PIG.^ 

Meals per 48 hr 

1 4 

Initial body wt, kg 24.14 k 1.79 23.63 k 1.64' 
Body wt gain, kg 63.47 k 4.29 54.22 k 2.84' 
Carcass wt, kg 60.40 k 4.03 55.29 f 3.08' 
Backfat thickness, cm 1.98 k 0.26 1.71 k 0.40' 
Fat trim, kg 5.75 f 0.84 4.49 k 0.74b 
Longissimus dorsi 30.2 k 0.80 26.6 f 1.40' 

Muscle, kg 36.60 k 1.44 32.23 * 2.35' 
area, cm2 

Mean k SEM for eight pigs fed one meal and seven 

' Values were not significantly different from pigs fed 
pigs fed four meals per 48 hr. 

one meal per 48 hr, P > 0.05. 

the glucose tolerance test to standardize the 
postabsorptive state at the time of the glucose 
load. All pigs cleared the glucose with equal 
efficiency; meal frequency did not influence 
the changes in plasma glucose following the 
glucose load (Fig. 2). Similar results have 
been reported in meal-fed dogs (8). Likewise, 
an alteration in meal pattern had only a 
minimal influence on glucose tolerance in the 
chicken (6) and rat (5) when food intake prior 
to the test was controlled. Failure to control 
food intake among the treatment groups may 
alter the results (5, 6, 8). Humans have been 
reported to exhibit an impaired glucose tol- 
erance when meal frequency is decreased (1, 
4). These results have not been reproduced in 
the rat, chicken, dog or pig. It is not possible 
at this time to determine the cause for these 
differences in response to meal frequency. 

Plasma glucose, triglyceride and choles- 
terol levels were determined just prior to a 
regularly scheduled meal (Table 11). Thus, 44 
hr had elapsed since pigs fed once every other 
day had finished a meal whereas pigs fed 
more frequently finished a meal 12 hr prior 
to the sampling. The plasma metabolites 
measured were not influenced by meal fre- 
quency. In a previous report serum choles- 
terol levels tended to be slightly higher in pigs 
fed ad libitum than in pigs fed one 2-hr meal 
per day (19). Similarily, dogs fed two meals 
per day had higher plasma cholesterol levels 
than did dogs fed one meal every other day 
(8). However, in a number of other studies 
(1, 4, 17) circulating cholesterol levels are 
either not changed or are decreased as meal 
frequency is increased. It appears that meal- 
frequency generally has a minimal influence 
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FIG. 2. Intravenous glucose tolerance in pigs fed one 
or four meals per 48 hr. All pigs received 900 g diet 24 
hr prior to the test. Each pig was injected with 0.75 g 
glucose (a 40% glucose solution in saline) per kg body 
weight. Blood samples were obtained at timed intervals 
during the next 90 min. Results are expressed as increase 
in plasma glucose above zero-time values. Each point 
represents the mean for eight pigs fed one meal and 
seven pigs fed four meals per 48 hr. Zero-time values 
were 88 f 7 and 71 k 2 mg glucose per 100 ml plasma 
for pigs fed one and four meals per 48 hr, respectively. 

TABLE 11. INFLUENCE OF MEAL FREQUENCY ON 
SEVERAL PLASMA METABOLITES AND ON MALIC 

ENZYME ACTIVITY IN PIG ADIPOSE  TISSUE.^ 
Meals per 48 hr 

1 4 
Plasma.b 

Glucose 99 f 3 102 f 5 

Cholesterol 108 f 6 98 f 4 
Triglycerides 48 f 3 59 f 8 

Malic enzyme 118 f 12 66 f 6d 
Adipose." 

a Mean f SEM for eight pigs fed one meal and seven 
pigs fed four meals per 48 hr. 

Values expressed as mg per 100 ml plasma. 
" Enzyme activity expressed as nmoles substrate uti- 

Significantly different from values obtained when 
lized per minute per mg protein at 25". 

one meal per 48 hr was fed, P < 0.05. 

on circulating cholesterol levels. Plasma tri- 
glyceride levels were not altered in the pigs 
in agreement with other reports (4, 8). 

Malic enzyme activity in the pig adipose 
tissue was assayed as an indicator of lipogenic 
capacity. Pigs fed less frequently exhibited an 
elevated enzyme activity (Table 11). The mag- 
nitude of the difference in enzyme activity 
between the two groups is similar to a pre- 
vious report (14). The elevated lipogenic ca- 
pacity of the pigs fed less frequently would 
allow a portion of the energy in the high- 
carbohydrate diet to be stored as fat imme- 
diately after the meal. This fat could then be 

mobilized to supply a source of energy during 
the postabsorptive state; consequently, the 
increased lipogenic capacity would not nec- 
essarily result in increased body fat. 

Summary. Pigs were pair-fed one or four 
meals per 48 hr for 5.5 months. Meal fre- 
quency did not influence body weight gain, 
body composition, glucose tolerance or 
plasma glucose, cholesterol or triglyceride 
levels. Pigs fed less frequently exhibited ele- 
vated malic enzyme activity in adipose tissue. 

The authors wish to acknowledge G. Miller for the 
care of the pigs, K. Muiruri for technical assistance and 
J. Ansted for the carcass analyses. 

I .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

- 

Fabry, P., and Tepperman, J., Amer. J. Clin. Nutr. 
23, 1059 (1970). 
Cohn, C., and Joseph, D., Amer. J. Physiol. I%, 965 
( 1959). 
Leveille, G. A., and Chakrabarty, K., J. Nutr. %, 69 
(1968). 
Young, C. M., Hutter, L. F., Scanlan, S. S., Rand, 
C. E., Latwak, L., and Simko, V., J. Amer. Diet. 
Assoc. 61, 391 (1972). 
Romsos, D. R., and Leveille, G. A., J. Nutr. 104, 
1503 (1974). 
Muiruri, K. L., Romsos, D. R., and Leveille, G. A., 
J. Nutr. 105,963 (1975). 
Ozelci, A., Romsos, D. R., and Leveille, G. A., J. 
Nutr. 107, 1768 (1977). 
Romsos, D. R., Belo, P. S., Bergen, W. G., and 
Leveille, G. A., J. Nutr. 108, 238 (1978). 
Bustad, L. M., "Swine in Biomedical Research" 
Frayn Printing Co., Seattle, Washington ( 1966). 
Searcy, R. L., and Bergquist, L. M., Clin. Chim. 
Acta 5, 192 (1960). 
Allee, G. L., O'Hea, E. K., Leveille, G. A., and 
Baker, D. H., J. Nutr. 101, 879 (1971). 
Yeh, Y. Y., Leveille, G. A., and Wiley, J. H., J. Nutr. 
100,917 (1970). 
Lowry, 0. H., Rosebrough, N. J., Farr, A. L., and 
Randall, R. J., J. Biol. Chem. 193, 265 (1951). 
Allee, G. L., Romsos, D. R., Leveille, G. A., and 
Baker, D. H., J. Nutr. 102, 1115 (1972). 
Fahey, T. J., Schaefer, D. M., Kauffman, R. G., 
Romans, J. R., Epley, R. J., Topel, D. G., and Smith, 
G. C., J. Animal Sci. 41, 290 (1975). 
Friend, D. W., and Cunningham, H. M., J. Nutr. 83, 
251 (1964). 
Friend, D. W., and Cunningham, H. M., J. Animal 
Sci. 26, 3 16 (1967). 
Brown, R. G., Buchanan-Smith, J. G., and Sharma, 
V. D., Can. J. Animal Sci. 55,353 (1975). 
Anderson, T. A., and Fausch, H. D., Proc. Soc. Exp. 
Biol. Med. 115,402 (1964). 

Received September 27, 1977. P.S.E.B.M. 1978, Vol. 157. 


