
4 02 RESTRICTED FEEDING IN SWINE 

6. Brown, A., Arch. Biochem., 1946, v l l ,  269. 
7. Pelzer, H., Staib, W,, Clin. Chim. Acta, 1957, v2, 

8. Stoffyn, P., Jeanloz, R., Arch. Biochem. Bio- 

9. Meyer, K., Rapport, M., Arch. Biochem., 1950, 

10. Spolter, L., Marx, W., Biochem. Biophys. Acta, 

11. Sanfilippo, S., Good, R., Abst. J .  Ped., 1962, 

1 2 .  Hoffman, P., Linker, A., Meyer, K., Arch. Bio- 

13. Mathews, M., Biochim. Biophys. Acta, 1961 , 

407. 

phys., 1954, v52, 373. 

v27, 287. 

1960, v38, 123. 

v61, 296. 

chem. Biophys., 1957, v69, 435. 

v48, 402. 

14. Meyer, K., Hoffman, P., Arthrit.  and Rheum., 
1961, v4, 5. 

15. Meyer, K., Grumbach, M., Linker, A., Hoff- 
man, P., PROC. SOC. Em. BIOL. AND MED., 1958, v97, 
275. 

16. Meyer, K., H,offman, P., Linker, A., Grumbach, 
M., Sampson, P., ibid., 1959, v102, 587. 

17. Dorfman, A., Lorincz, A., Proc. Nut .  Acad. Sci., 
1957, v43, 443. 

18. Lorincz, A.,  Fed. Prot., 1958, v17 ( l ) ,  266. 
19. Scheie, H., Hambrich, G., Jr., Barness, L., A m .  

20. Hessburg, P., Henry Ford Hosp. Med.  Bull., 
J .  Ophth., 1962, v53, 753. 

1962, ~ 1 0 ,  419. 

Received September 9, 1963. P.S.E.B.M., 1964, v115. 

Effect of Restricted Access to Feed on the Serum and Liver Lipids of 
Swine. (28924) 

THOMAS A. ANDERSON* AND HOMER D. FAUSCH (Introduced by Edwin H. Shaw, Jr.) 
Research and Development Division, Smith Kline and French Laboratories, Philadelphia, Pa., and 

Animal Science Department, California State Polytechnic College, Pomona, Calif. 

The pattern of food intake has been re- 
ported by several investigators to exert an 
important influence on the manner in which 
it is metabolized. Cohn and co-workers( 1) 
found that chicks permitted access to food 
for an hour in the morning and for another 
hour in the afternoon after 5 weeks had 
higher serum cholesterol levels than chicks 
allowed ad Eibitum access to food. In addi- 
tion, the thoracic aortas of the chicks eating 
twice a day had a higher incidence of athero- 
sclerosis, which was also more severe. 

Okey, et aE(2) and Lis and Okey(3) re- 
ported that changes in the feeding pattern 
affect the composition of both plasma and 
liver lipids of rats, with most of the altera- 
tions noted in the plasma lipids, However, 
the total amounts of serum and liver choles- 
terol, triglyceride and phospholipid were not 
appreciably altered by feeding method. 

The alterations in lipid metabolism ob- 
served in these studies as a consequence of 
restricted feeding are of particular interest 
in human nutritional studies since the dietary 
habits of many humans resemble the pattern 
of food intake observed in the restricted-fed 

* Present address: Biochemistry Dept., School of 
Med., Univ. of South Dakota, Vermillion. 

laboratory animal. Because of the physio- 
logical similarities between the pig and the 
human, the following experiment was con- 
ducted to determine what effect the pattern 
of food intake would have on the blood and 
liver lipids of swine. 

Materials and methods. One hundred eight 
weanling pigs of mixed sex and breeding were 
randomly assigned to 12 concrete feeding 
floors each with identical feeding and water- 
ing facilities. All pigs received a balanced 
growing ration containing 16.4% protein and 
a f a t  content of 2.7%, of which 85% was 
unsaturated fat from a plant source (ground 
milo). Four pens of 9 animals each were 
assigned to each of the following feeding 
schedules: 1) A d  libitum access to feed, 2 )  
One 2-hour feeding period (8 : 00 a.m.-10: 00 
a.m.), 3 )  Two one-hour feeding periods 
(8 : 00-9 : 00 a.m., 4 : 00-5 : 00 p.m.) . 

The first phase of the experiment was ter- 
minated at  the end of 84 days, a t  which time 
all animals were bled via heart puncture and 
the blood analyzed for serum lipids. Six ani- 
mals from each of the 3 feeding schedules 
were selected to continue the experiment for 
another 90 days, with care being taken to 
equalize sex and breed between treatments. 
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TABLE I. Effect of Feeding Method, Breed and Sex on Serum Lipid Levels of 106 Growing 
Fattening Pigs Fed for 84 Days. 

Total serum Serum Serum 
Variable No./group cholesterol triglyeeride phospholipid 

Feeding method 
Ad libitum 36 
2 one-hr 35 
1 two-hr 35 

Minnesota #1 31 
#3 30 

Landrace X Minnesota #1 37 
Hampshire X Minnesota #1 8 

Barrow 36 
Gilt 47 
Boar 23 

Breed 

Sex 

Means (mg/100 nil) with standard errors 
97.0 & 1.92" 37.0 2 1.96 124.4 4 3.05" 
90.0 1.95 36.4 k 1.99 115.9 4 3.09 
91.2 & 1.95 35.2 4 1.99 115.2 & 3.09 

Means (mg/100 ml) 
103.6 34.6 128.4 
87.0 38.4 109.8 
84.3 33.3 113.5 

111.4 47.8 136.7 

96.0 37.8 122.4 
94.7 38.7 120.8 
83.8 28.6 108.0 

* P <.05. 

At the end of the 90-day period, the 18 pigs 
were killed and blood and liver samples ob- 
tained for lipid analysis. 

Serum cholesterol was determined by the 
method of Anderson and Keys (4) , serum tri- 
glyceride by the method of Van Handel and 
Zilversmit ( 5)  and serum phospholipid ac- 
cording to the procedure of Zilversmit and 
Davis (6). 

Because of the imbalance in breeds and 
sexes of pigs available for the first phase of 
this study, the statistical analysis for this 
phase was carried out by the method of least 
squares to correct for this imbalance. 

Results and discussion. After 84 days, se- 
rum cholesterol and phospholipid levels of 
the ad Zibitum-fed pigs were significantly 
higher (P< 0.05) than either of the restricted- 
fed groups (Table I). Serum triglyceride levels 
were essentially unaltered by feeding method. 
These data do not support the finding of 
Cohn et aZ(1)  that serum cholesterol levels 
were raised in restricted-fed chicks, but are 
in agreement with the observation of Okey 
et aZ(7) that ad Zibitum-fed rats had higher 
serum cholesterol levels than rats with access 
to a cholesterol-containing diet for 3 hours 
each day. 

The greatest differences in serum lipid lev- 
els were noted between breeds of pigs (Table 
I). The Minnesota #3 breed had markedly 
lower serum cholesterol and phospholipid lev- 
els but slightly higher serum triglyceride lev- 
els than the Minnesota #1. I t  is interesting 

to note the effects of crossbreeding on serum 
lipid levels of the Minnesota #1. The breed 
influence of the Landrace lowered while that 
of the Hampshire raised all of the serum lipid 
parameters measured in the crossbred pigs 
compared to the purebred Minnesota #1. The 
difference in serum lipid levels observed be- 
tween breeds is thought to be of a true ge- 
netic nature but because of the imbalance in 
the number of animals of each breed avail- 
able for the experiment no attempt will be 
made to report the statistical significance of 
these values. Although the estimated aver- 
ages were properly adjusted by the least 
squares solution, decisions concerning such 
differences were not the initial objective of 
this experiment. Thus, it is preferred to call 
such finding suggestions for future investiga- 
tion. 

Sex appeared to have a pronounced effect 
on serum lipid levels with the intact males 
having consistently lower values than either 
the females or castrated males. In the human 
serum cholesterol levels in the premenopausal 
female are usually lower than in the male, 
although the reverse is true in the female rat 
and rabbit(8). In  this respect swine resemble 
these laboratory animals more than the hu- 
man. 

The unadjusted treatment means are pre- 
sented in Table I1 to show the breed and sex 
response to feeding method. 

The effect of restricted access to food for a 
period of 173 days as measured by serum and 



404 RESTRICTED FEEDING IN SWINE 

T A B L E  11. Effcct of Feeding Method on Serum 
Lipid Levels by Breed and  Sex. 

Tota l  Serum Serum 
S o . /  serum tr i -  phospho- 

Variable group cholesterol glyceride lipid 

Ad lib Feeding 
Minnesota #1 

Barrow G 
Gilt 5 
Boar  0 

Barrow 0 
Gilt 7 
Boar 3 

X Minnesota #1 
Barrow 1 
Gilt 5 
Boar  ‘7 

X Minnesota #1 
Barrow 1 
Gilt 0 
Boar  1 

2 One-Hr Feedings 
Minnesota #1 

Barrow 5 
Gilt 4 
Boar  0 

Barrow 2 
Gilt 4 
Boar  4 

X Minnesota #1 
Barrow 5 
Gilt 6 
Boar  2 

X Minnesota #1 
Barrow 1 
Gilt 2 
Boar  1 

1 Two-Hr Feeding 
Minnesota #1 

Barrow 7 
Gilt 4 
Boar  0 

Barrow 2 
Gilt 5 
Boar  3 

X Minnesota #1 
Barrow 5 
Gilt 6 
Boar 1 

X Minnesota #1 
Barrow 1 
Gilt 0 
Boar  1 

bfinnesota #3 

I m d r a c e  

1% a 111 p sli i re 

Minnesota #3 

Landrace 

Hampshire  

Minnesota #3 

Land r ac  e 

Hampshire  

Gnadjustccl ineans (mg/100 nil) 

117.4 
116.1 
- 

- 
94.4 
72.3 

82.G 
87.7 
‘76.3 

128.9 

108.1 
- 

101.6 
103.0 
- 

92.5 
‘79.5 
88.0 

89.4 
8‘7.0 
62.5  

10G.O 
112.5 
112.0 

99.2 
99.6 

81.0 
8G.3 
81.3 

87.0 
86.6 
90.1 

116.1 

80.0 

38.8 
51.4 
- 

- 
42.1 
25.0 

19.0 
42.4 
21.4 

32.1 

33.0 
- 

37.8 
33.0 
- 

39.5 
34.2 
3‘7.8 

3G.2 
33.6 
31.0 

41.0 
52.1 
54.2 

28.1 
32.5 
- 

42.5 
3’7.0 
36.4 

42.2 
30.7 
30.0 

88.1 

24.3 
- 

133.3 
145.6 - 

114.0 
104.0 

114.1 
135.2 
102.3 

159.0 

134.8 
- 

141.0 
112.8 - 

116.5 
92.8 

117.5 

118.0 
111.6 
85.0 

131.0 
141.3 
120.0 

120.2 
141.2 - 

120.2 
102.0 
101.4 

114.0 
114.3 
94.9 

164.2 

92.0 
- 

liver lipids is shown in Table 111. Serum tri- 
glyceride was significantly depressed and the 
C/P ratio significantly elevated (P<O.O5) in 
the ad Zibitum-fed pigs compared with pigs re- 
ceiving one 2-hour feeding. No statistically 
significant differences were noted in any of 
the other serum lipids. 

The most consistent effects due to feeding 
method were observed in the liver lipids. 
Okey et aZ(2) and Lis and Okey(3), how- 
ever, noted that, in contrast to the liver li- 
pids, the composition of the plasma lipids 
was affected much more by changes in feed- 
ing pattern. Most of the variation in plasma 
and liver lipids reported by these workers 
was in the composition of fatty acids and in 
the proportion of free us esterified cholesterol 
rather than overall changes in triglyceride, 
phospholipid or total cholesterol levels. 

Total cholesterol, triglyceride and the C/P 
ratio were significantly higher in the livers of 
the ad Zibitum-fed pigs compared with either 
of the restricted-fed groups (Table 111). The 
increase in total cholesterol was slight but 
the variation within treatments was so small 
that the difference was highly significant sta- 
tistically (P<O.Ol). The elevated plasma and 
liver C/P ratios of the ad Zibitzcm-fed pigs 
may be a reflection of an elevated concentra- 
tion of beta-lipoprotein relative to the alpha 
group, which does not vary greatly in con- 
centration and usually transports less choles- 
terol than the beta group. 

The results of this feeding experiment with 
swine do not appear to support the findings 
of other workers(1) that plasma and liver 
lipids are elevated as a consequence of re- 
stricted access to feed. A d  Zibitum-fed pigs 
exhibited consistently higher serum and liver 
lipid levels than the restricted-fed animals 
except for the serum triglyceride and phos- 
pholipid values of the pigs fed for 173 days. 
Alterations in hepatic lipid content due to 
feeding method appeared to be of greater 
magnitude and to be less variable than serum 
lipid content. 

I t  is possible that swine do not adapt to a 
restricted feeding schedule as readily as do 
other laboratory animals since the restricted- 
fed pigs in this study consumed approximate- 
ly 10% less feed and gained 10% less weight 
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TABLE 111. Effect of Restricted Access to Food on Serum and Liver Lipids of 18 Pigs Fed 
for 173 Days. 

Variable Ad libitum One 2-hr feeding Two l-hr f eedings 

Serum Lipids (mg/100 ml) 
Total cholesterol 104.5 2 2.3" 100.6 -c 2.3 102.2 L- 2.3 
Triglyceride 30.5 3- 4.1 48.2 -c 4. l t  41.8 3- 4.1 
Phospholipid 100.6 +- 7.6 127.3 2 7.6 106.3 +- 7.6 
C/P ratio 1.04 +- .06 .79 e .06t .96 2 .06 

Liver lipids (mg/g) 
Total cholesterol 2.99 3- .09$ 2.38 & .09 2.20 t .09 

9.62 +- 1.59t 3.56 & 1.59 2.57 -+ 1.59 Triglyceride 
Phospholipid 3.34 e .13 3.09 -c .13 2.95 t .13 
C/P ratio .90 e .03$ .75 .03 .77 -+ .03 

* Means with standard errors. t P <.05. $ P <.Ol. 

than the ad libitum-fed animals. Since the 
restricted-fed chickens used in the work of 
Cohn et aZ(1) ate one-third less feed and 
gained one-third less body weight than ad 
Zibitum-fed controls it may be that species 
differences exist between chickens, pigs and 
rats in the adjustment to restricted feeding 
and in the way that limited access to food 
influences the manner in which the food is 
metabolized. 

Summary. Serum cholesterol and phospho- 
lipid levels were significantly elevated 
(P<O.OS) in ad Zibitum-fed pigs compared 
with the restricted-fed animals a t  the end of 
84 days. After 173 days of restricted feeding 
pigs fed ad libitum had significantly higher 
liver cholesterol, triglyceride and C/P ratios 
than pigs with limited access to feed. The 
serum C/P ratio was significantly higher 
but serum triglyceride significantly lower 
(P<O.OS) in the ad libitum-fed pigs when 
compared with the group receiving one 2- 

hour feeding. Marked variations in the se- 
rum lipid levels between different breeds of 
pigs and between sexes were observed. 

The authors acknowledge the assistance of Dr. 
S. M. Free, Jr., Head, Statistics Section, Science In- 
formation Dept., Smith Kline and French Labora- 
tories, in statistical analysis of the data. 
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Thyroxine or triiodothyronine has produced ment as a result of thyroid hormone admin- 
an augmentation of erythropoiesis with a re- istration reportedly acts as the stimulus to 
sultant erythrocythemia in both dogs and the enhanced red blood cell production. This 
rats ( 1,2,3). An increase in oxygen require- hypothesis is consistent with the concept that 

the red cell mass is related to total tissue * U.S.P.H.S. Training Grant. 


