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INFLUENCE OF DIETARY SUPPLEMENTS OF CHOLESTEROL 
AND VITAMIN D ON CERTAIN COMPONENTS OF THE 

BLOOD AND BODY OF GROWING-FINISHING 
SWINE 1 

IV[. H .  J U R G E N S  2 AND E .  R .  PEo, J R ?  

Nebraska Agricultural Experiment Station, Lincoln 

T HE American public has been made ex- 
tremely conscious of the concept that 

saturated fat and cholesterol may be involved 
in atherosclerosis in man. Likewise, because 
of their content of cholesterol and saturated 
fatty acids, animal products have become en- 
grossed in a controversy concerning their role 
in the atherogenic process. No definite con- 
clusions have been made in this area and 
until further research advances in the field of 
atherosclerosis, the animal scientist may have 
to concern himself with modifying the animal 
product in such a way that it will be more 
acceptable to the American public. The degree 
to which this may be accomplished will vary 
with the species of animal. Swine are some- 
what more unique in this respect because 
moderate changes in the diet can result in 
dramatic changes in the composition and type 
of fat deposited in the swine carcass. 

A review of the literature indicates few 
studies concerning the relationship between 
vitamin D and cholesterol--compounds func- 
tional in the body and which have a similar 
chemical structure. No information could be 
found in the literature concerning the rela- 
tionship between excess dietary vitamin D 
and body cholesterol levels of swine. Thus, the 
present investigations were undertaken to 
study the effects of dietary supplements of 
vitamin D and cholesterol upon the serum 
cholesterol level of the blood and upon body 
growth and fat composition of growing-finish- 
ing swine. 

Exper imen ta l  P rocedure  

The pigs used in all experiments were fed a 
16% protein corn-soybean meal diet contain- 
ing 440 IU of vitamin D2 prior to allotment 
to the experiments described below. Physical 

1 Published with the approval of the Director as Paper No. 
2646, Journal series, Nebr. Agr. Exp. Sta. 

2 Present address: Iowa State University, Ames. 
8 Department of Animal Science. Acknowledgement is made 

to John  Welch for assistance in development of certain of the 
laboratory procedures and to P. ,,l. Cunningham and associates 
for care of the experimental animals. 

plant limitations did not permit the conduct 
of these studies in the absence of sunlight. 

Experiment 1. Forty-eight crossbred bar- 
rows and gilts (16 females; 32 males) averag- 
ing 30 kg were assigned at random within sex 
to two replications of a 2 x 2 factorial ar- 
rangement of four treatments (6 pigs per pen; 
12 pigs per treatment). The pigs were housed 
and fed in concrete-floored, open-shed type 
experimental units which were equipped with 
self-feeders and waterers. The experiment was 
conducted over a period of 70 days and ter- 
minated when the pigs reached an average 
body weight of 95 kilograms. 

Composition of the experimental diets is 
presented in table 1. The 14% protein corn- 
soybean meal basal diet (diet A) was calcu- 
lated to be completely void of cholesterol and 
vitamin D2. Diet B was formulated to contain 
1,100 IU/kg of supplemental vitamin D2. 
Crystalline cholesterol was included at 440 
mg/kg in diet C, and diet D was supplemented 
with both vitamin D2 (1,100 IU/kg) and 
cholesterol (440 mg/kg). 

Criteria of response were backfat thickness, 
and cholesterol content of blood serum, longis- 
simus dorsi muscle and backfat. 

Experiment 2. Seventy-two crossbred bar- 
rows and gilts averaging 35 kg were assigned 
at random to two replications of six experi- 
mental treatments. Six pigs were allotted to 
each pen, 12 pigs per treatment with equal 
distribution for sex. Housing and management 
were as described for the first experiment. The 
first four experimental treatments (diets A 
to D) were also the same (see table 1). Two 
additional treatments were included, diet E 
containing supplements of 440 mg/kg crystal- 
line cholesterol with 2,200 IU/kg of vitamin 
D2 and diet F formulated to contain 1,320 
mg/kg of supplemental cholesterol (three 
times the level found in diet C) and no sup- 
plemental vitamin D2. The experiment was 
terminated after 68 days when the pigs 
reached an average body weight of 95 kilo- 
grams. 

Criteria of response were backfat thickness, 
894 
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Basal 
Ingredients  diet b 

% 
G r o u n d  ye l low corn  83 .25  
S o y b e a n  meal ,  30% 13.00 
Diea l c ium p h o s p h a t e  1 .70  
G r o u n d  l imestone  0 .45  
Salt  ( iodized)  0 . 5 0  
T r a c e  mine ra l s  c 0 . 1 0  
V i t amin -an t ib io t i c  p r e m i x  a 1 .00  

a Basal 14% protein corn-soybean meal diet is common over all treatments. 
b Calculated analyses. 

Experiment 1 Experiment 2 

CholesteroI Vitamin D~ ChoIesterol Vitamin De 
Diet mg/kg IU/kg mg/kg IU/kg 

Experiment 3 

Cholesterol Vitamin D8 
mg/kg IU/kg 

A 0 0 0 0 0 0 
B 0 1100 0 1100 0 1100 
C 440 0 440 0 440 0 
D 440 1100 440 1100 440 1100 
E . . . . . .  440 2200 . . . . . .  
F . . . . . .  1320 0 . . . . . .  

e Composition (%) :  Mn, 113.0; Fe, 10.0; Cn, 1.0; C'o, 0.10; I, 0.30; Zn, 10.0; and Ca, 9.1. Calcium Carbonate Company, 
Quincy, IIlinois. 

a Contributed the following amounts of vitamins and antibiotics per kilogram of diet. Vitamn A, 2640 IU; riboflavin, 2.0 mg; 
niacin, 18.0 mg; calcium pantothenate, 6.6 rag; choline chloride, 110 rag; vitamin BI~, i1.0 mcg; and antibiotic, 22.0 rag. 

area and percentage of fat in the 1. dorsi, 
blood serum cholesterol, and cholesterol and 
fatty acid content of the 1. dorsi and inner 
and outer layers of backfat. 

Experiment  3. Twenty-four crossbred bar- 
rows and gilts averaging 65 kg were assigned 
at random to four experimental treatments. 
Six pigs were allotted to each treatment with 
equal distribution for sex. Housing and man- 
agement were as described for the first experi- 
ment. The four experimental treatments (diets 
A to D) were also the same (see table 1) 
except that vitamin D3 was substituted for 
vitamin D2. The experiment was terminated 
after 56 days when the pigs reached an aver- 
age body weight of 114 kilograms. 

Criteria of response were the same as in- 
dicated for the second experiment. In addi- 
tion, cholesterol and fatty acid contents of 
the liver were determined. 

In all three experiments, approximately 10 
ml of blood were collected from each pig and 
tota~ serum cholesterol was measured initially 
and at the termination of each experiment. 
B & D vacutainer tubes4 with 3.8 cm, 20 
gauge needles were used to obtain blood from 
the brachial veins. The collected blood was 
allowed to coagulate and was then centrifuged 
and the serum removed from chemical analy- 
sis. 

The carcasses were allowed to cool for 24 hr. 
after slaughter and the backfat thickness was 

Becton-Dickinson, Rutherford, New Jersey. 

determined from the average of three measure- 
ments taken at the first rib, last rib and last 
lumbar vertebra. 

The loins from carcasses in the first ex- 
periment were not divided for sampling but 
core samples for chemical analysis of the 
I. dorsi and backfat were taken from the 
chilled carcass by means of a 7 mm diameter 
stainless steel core sampling probe. 

The right loin from each carcass in the 
second and third experiments was divided 
between the 10th and l l t h  rib. Area of the 
1. clorsi was determined by standard proce- 
dures. 

Since sample size was not considered large 
enough in the first experiment, the l l -12 th  
rib section of the loin from pigs in the second 
and third experiments was removed and the 
1. dorsi in the sample was trimmed of excess 
fat and frozen. The frozen muscle samples 
were ground with a power grinder using a 
plate with 3.2 mm holes. After grinding, the 
samples were re-frozen and stored until needed 
for cholesterol and fatty acid analyses. A 
sample of backfat (inner and outer layer) 
was also taken from over the l l -12 th  rib 
section and stored frozen. 

In the third experiment, a cross-sectional 
sample of liver was obtained from the dia- 
phramatic lobe to determine cholesterol and 
fatty acid contents. 

Fat content of the l. dorsi in the second 
experiment was determined on duplicate 
samples by a modified Babcock method (Jur- 
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gens et al., 1967). The fat content of the 
1. dorsi  from carcasses in the third experiment 
was determined by standard fat extraction 
methods as described by A.O.A.C. (1960). 

Total blood serum cholesterol was deter- 
mined on duplicate samples by a r 
method described by Pearson, Stern and 
McGavack (1953). 

Cholesterol content of I. dorsi,  backfat and 
liver was determined by modifying the method 
outlined by Stromer, Gall and Roberts (1966) 
to the extent that a 2 g wet tissue sample 
was extracted rather than a 4 g lyophilized 
sample. 

A modification of the technique described 
by Morrison and Smith (1964) was employed 
to determine fatty acid content of the l. dorsi  
and inner and outer layers of backfat of pigs 
from the second and third experiments and of 
the livers from pigs on the third experiment. 

Methyl esters of fatty acids of all the tissue 
samples were prepared using a solution 5 con- 
sisting of a mixture of 20% boron fluoride- 
methanol (140 g BF per liter of methanol), 
25% benzene and 55% of methanol. A Jarrell- 
Ash, Model 700 gas chromatograph, equipped 
with an argon ionization detector, was used 
for determining fatty acids. The following 
settings were employed: argon gas flow rate, 
180 ml/min; injector port temperature, 250 
C; detector temperature, 210 C; column tem- 
perature, 188 C; detector voltage, 1,200 V; 
and sensitivity, 1 x 10 - s  amperes full range. 
The column, 366 cmx 6.35 mm O.D. stainless 
steel tubing, was packed with 16% diethylene 
glycol succinate on 90/100 mesh Anakrom 
AB. Injected sample size varied from two to 
five mcl. The individual peaks were identified 

s Applied Science Laboratories, Inc., State College, Pennsyl- 
vania. 

JURGENS AND PEO, JR. 

by comparing retention times of unknowns 
with those of a standard reference mixture of 
known composition and concentrations. Deter- 
minations were made for percentages of the 
following identified methyl esters of fatty 
acids: myristic (14:0), palmific (16:0), pal- 
mitoleic (16:1), stearic (18:0), oleic (18:1) 
and linoleic (18:2). 

Analyses of variances as outlined by Steel 
and Torrie (1960) were calculated on the 
data in each of the reported experiments. 

Results  and Discussion 

E x p e r i m e n t  1. A summary of average back- 
fat thickness and total cholesterol content of 
blood serum, 1. dorsi,  and backfat is presented 
in table 2. Backfat thickness was not sig- 
nificantly affected by dietary treatment but 
carcasses from gilts had less (P< .05)  backfat 
than those from barrows (3.7 vs. 4.2 cm). 
The relationship between sex and backfat 
thickness of the animal is well documented 
(Bruner et al., 1958; Cox, 1963; Wagner 
et al., 1963) and the observation here was 
expected. 

The addition of crystalline cholesterol to 
the basal diet resulted in elevated final blood 
cholesterol levels. Similar results have been 
reported with rats by Cuthbertson et al. 
(1959) and Pack and Loud (1965). Barrows 
and higher final blood cholesterol levels than 
the gilts (102 vs. 95 rag/100 ml). The dif- 
ference approached significance and disagrees 
with those of Hill, Peifer and Lundburg 
(1958) and Cuthbertson et al. (1959), in 
studies with swine and rats, respectively, who 
reported females having higher blood choles- 
terol levels than intact males. 

The supplementation of dietary cholesterol 
also increased the cholesterol content of the 

TABLE 2. EFFECT OF LEVELS OF CHOLESTEROL AND VITAMIN D.~ ON AVERAGE BACKFAT 
THICKNESS AND TOTAL CHOLESTEROL CONTENT OF BLOOD SERUM, LONGISSIMUS 

DORSI MUSCLE AND BACKFAT 
( E X P E R I M E N T  1) 

Sex 

Treatment 
(Cholesterol/Vitamin Dz) 

A B C D 
Item Barrows Gilts 0/0 0/1100 440/0 440/1100 

No. pigs ~ 16 32 12 12 11 b 12 
Avg backfat, cm c 4.2 3.7 4.1 4.1 3.8 3.8 
Initial blood chol., mg/100 ml 98.4 82.8 88.3 84.8 97.2 81.6 
Final blood chol., mg/100 ml 102.0 95.0 96.1 94.4 102.8 95.3 
L. dorsi chol., mg/g  wet tissue 0.30 0.28 0.29 0.27 0.30 0.28 
Backfat chol., mg/g  wet tissue 0.65 0.57 0.61 0.58 0.63 0.57 

Two replications, 6 pigs/pen. 
b One pig was removed from treatment C because of failure to eat. 
c Sex effect sig. P<.05. 
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l. dorsi and backfat. However, the changes 
were small and not of statistical significance. 

The inclusion of dietary vitamin D2 in the 
presence or absence of dietary cholesterol did 
not significantly reduce final cholesterol levels 
in blood, l. dorsi, and backfat. The trend 
toward a decrease in blood cholesterol is 
contrary to studies with rabbits reported by 
Ross and Campbell (1961), Myasnikov 
(1958) and DeLangen and Donth (1956) in 
which blood cholesterol was increased. It  
should be pointed out that there may be dif- 
ferences among species as well as the fact 
that the pigs on the experiment reported 
herein were growing animals; whereas, mature 
animals were used in other research. 

The pattern of l. dorsi and backfat choles- 
terol content paralleled that of the blood 
levels with small changes due to dietary treat- 
ment. 

E x p e r i m e n t  2. The effects of levels of choles- 
terol and vitamin D2 on blood and certain 
carcass traits of pigs from Experiment 2 is 
shown in table 3. Average backfat thickness 
was not significantly affected by dietary treat- 
ment; however, as expected barrows had sig- 
nificantly (P< .01)  greater backfat thickness 
than gilts (4.8 vs. 4.3 cm). 

The area of the 1. dorsi and percentage of 
fat therein were significantly (P< .01)  larger 
and smaller, respectively, in gilts compared 
to barrows (29.7 vs. 26.9 cm 2 and 4.4 vs. 
5.5%). The larger I. dorsi area in gilts is in 
agreement with the work reported by Self, 
Bray and Reierson, (1957), Bruner et al. 
(1958), Judge (1964) and Brooks (1967). 
Wagner et al. (1963) and Brooks (1967) 
also reported a lower percentage of l. dorsi 
intramuscular fat in gilts compared to bar- 
r o w s .  

The addition of vitamin D2 to the basal 
diet reduced 1. dorsi  area in both barrows and 
gilts. When the linear increases in dietary 
vitamin Dz were compared (diets C, D, E),  
the percentage of I. dorsi fat increased ( P <  
.01) and decreased (P< .01)  in barrows and 
gilts, respectively. This observation indicates 
a possible interaction between sex and level 
of dietary vitamin D2. 

Feeding diets containing added cholesterol 
without vitamin D2 resulted in a nonsignifi- 
cant elevation in blood cholesterol levels com- 
pared to pigs on the basal diet. The highest 
blood level was observed in pigs fed the 
highest dietary cholesterol level. The increased 
levels were small, but nevertheless, were simi- 
lar to the results obtained in the previous 

experiment (experiment 1). Studies with 
swine by Reiser et al. (1959) further sup- 
port the positive relationship between dietary 
and blood cholesterol levels. In the present 
experiment, barrows tended to have higher 
blood cholesterol levels than gilts (107 vs.  
103 mg/100 ml) which also agrees with the 
findings of the previous experiment. 

The data suggest an interaction between 
dietary levels of vitamin D2 and cholesterol 
as related to final blood serum cholesterol 
levels, The addition of 1,100 IU/kg of vita- 
min D2 to the basal diet had no effect on 
final blood cholesterol levels, but when this 
amount of vitamin D2 was fed in combination 
with 440 mg/kg cholesterol, blood cholesterol 
levels were lowered. The latter observation 
also agrees with results of the previous ex- 
periment. When twice the amount of vitamin 
D2 was added in combination with 440 mg/kg 
of cholesterol, the final blood levels were 
elevated above the level observed with the 
basal diet. 

I t  appears evident from the data that di- 
etary treatment may influence the blood cho- 
lesterol levels to some extent; however, tissue 
concentration seems to be quite stable. Only 
small changes in cholesterol level were ob- 
served in either the l. dorsi or inner and outer 
layers of backfat due to dietary treatment. 
Both layers of backfat contained similar con- 
centrations of cholesterol and paralleled one 
another with changes in dietary treatment. 

The fatty acid content of 1. dorsi intra- 
muscular fat and inner and outer layers of 
backfat is also summarized in table 3. Only 
three principal saturated and three unsatu- 
rated fatty acids were chromatographically 
identified with the sum of myristic, palmitic 
and stearic representing the total for the 
saturates and palmitoleic, oleic and linoleic 
the unsaturates. A survey of the literature 
indicated these fatty acids were the major 
straight-chained, even-numbered, monocar- 
boxylic acids present in mammalian lipids 
(Hanahan, 1960). 

Variation in fatty acid levels of the three 
tissues did not follow any consistent pattern 
due to either dietary treatment or sex. The 
principal saturated fatty acid found was pal- 
mitic and the primary unsaturate was oleic 
acid. This is consistent with the findings of 
Sink et al. (1964), Greer et al. (1965) and 
Koch et al. (1968) .  Dietary treatment had no 
significant effect on total saturated fatty acid 
content of either intramuscular fat or back- 
fat. However, the intramuscular fat from 
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TABLE 3. EFFE C T  OF LEVELS OF CHOLESTEROL AND VITAMIN D2 ON BLOOD 
AND CERTAIN CARCASS TRAITS 

( E X P E R I M E N T  2) 

Sex 

Treatments 
(Cholesterol/Vitamin D2) 

A B C D E F 
I tem Barrows Gilts 0/0 0/1100 440/0 440/1100 440/2200 1320/0 

No. pigs a 36 36 12 12 12 12 12 12 
Avg backfat, cm b 4.8 4.3 4.6 4.6 4.6 4,4 4.5 4.5 
L. dorsi area, cm 2b 26.9 29.7 29.2 27.4 28.1 29.3 27.7 27.9 
L. dors i fa t ,% b'e 5.5 4.4 4.9 4.9 5.1 4.8 5.3 4.6 
Initial blood chol., 

mg/100 ml 107.0 103.0 99.0 106.0 104.0 102.0 109.0 111.0 
Final blood chol., 

rag/100 ml 107.0 103.0 101.0 105.0 102.0 99.0 110.0 111.0 
L. dorsl chol., mg/g  

wet tissue a 0.40 0.38 0.36 0.39 0.41 0.40 0.40 0.40 
Inner  backfat chol., 

mg/g  wet tissue 0.62 0.62 0.62 0.64 0.61 0.60 0.63 0.64 
Outer backfat chol., 

mg/g  wet tissue 0.63 0.61 0.61 0.64 0.64 0.60 0.61 0.62 

Fat ty acid composition 
Intramuscular fat of 

1. dorsi 
14:0 2.5 2.7 2.8 2.6 2.5 2.6 2.6 2.4 
16:0 27:2 27.0 27.3 27.0 27.3 26.8 27.0 27.4 
18:0 b,e,* 10.6 11.2 10.7 10.1 10.7 11.4 11.5 11.0 

Total for sat'd. 40.3 40.9 40.8 39.7 40.5 40.8 41.1 40.8 
16:1 5.7 5.7 5.9 5.8 5.6 5.7 5.6 5.5 
18:1 f'g 45.0 44.2 44.3 45.6 44.7 44.0 44.8 44.1 
18:2 9.1 9.1 8.9 8.8 9.1 9.4 8.6 9.6 

Inner backfat 
14:0 h 2.3 2.7 2.7 2.2 2.2 3.2 2.4 2.3 
16:0 26.0 26.1 25.1 25.3 27.2 26.3 26.8 25.8 
18:0~ 14.5 14.0 13.9 12.6 14.5 13.7 14.2 16.8 

Total for sat'd. 42.8 42.8 41.7 40.1 43.9 43.2 43.4 44.9 
16:1 b 4.8 3.8 4.2 4.7 4.3 4.7 3.4 4.4 
18:1 ~ 43.4 44.0 44.4 45.2 43.8 42.8 43.0 43.0 
18:2 e 9.0 9.5 9.9 10.2 8.0 9.3 10.2 7.8 

Outer backfat 
14:0 2.5 2.4 2.2 2.4 3.2 2.2 2.1 2.7 
16:0 g 24.5 25.1 22.9 25.8 24.9 25.5 24.2 25.3 
18:0 11.5 11.2 11.2 11.8 10.4 11.2 10.6 12.8 

Total for sat'd. 38.5 38.6 36.3 40.0 38.5 38.9 36.9 40.8 
16:1 k 4.2 4.4 4.7 4.2 4.6 3.9 4.4 4.1 
18:1 ~ 46.7 46.3 47.2 46.1 45.9 46.8 47,7 45.3 
18:2 10.6 10.6 11.8 9.7 11.0 10.4 11,0 9.8 

a Two replications; 6 pigs/pen. 
b Sex effect sig. P<.01 level. 
e Linear effect of level of vitami-, Do x sex interactiml ~i:. P~.Cl. 
a Non-linear effect of cholesterol levels sig. P<.05 level. 
e Linear effect of level of vitamin De sia. P<.05 level. 
* Treatment x sex interaction sig. P<.05 level. 
g Difference between treatments A and B sig. P~.05 level. 
h Non-linear effect of level of viWmin D2 sig. P<~.05 level. 
i Linear effect of level of cholesterol sig. P<.05 level. 
J Non-linear effect of level of vitamin De x sex interaction sig. P<~.01 level. 
k Non-linear effect of level of cholesterol x sex interaction sig. P~.05 level. 
I Sex x A and B interaction sig. P~.05 level. 

g i l t s  c o n t a i n e d  a l a r ge r  p e r c e n t a g e  of  m y r i s t i c  
a n d  s t e a r i c  ac id  ( P < . 0 1 )  t h a n  t h a t  f r o m  
b a r r o w s  (2.7 vs. 2 . 5 %  a n d  11.2 vs.  1 0 . 6 % ,  
r e s p e c t i v e l y ) .  C o n v e r s e l y ,  t he  i n t r a m u s c u l a r  
fa t  f r o m  b a r r o w s  c o n t a i n e d  m o r e  oleic ac id  
(45 .0  vs. 4 4 . 2 % )  t h a n  f a t  f r o m  gil ts .  T h e  
d a t a  s u g g e s t  i n t r a m u s c u l a r  f a t  f r o m  gi l ts  is 
m o r e  h i g h l y  s a t u r a t e d  t h a n  t h a t  f r o m  b a r -  

rows .  T h i s  o b s e r v a t i o n  does  n o t  ag ree  w i t h  
K o c h  et al. ( 1 9 6 8 )  w h o  r e p o r t e d  t h a t  t he  
f a t t y  ac id  c o m p o s i t i o n  of  i n t r a m u s c u l a r  f a t  
did n o t  differ  b e t w e e n  b a r r o w s  a n d  gil ts .  

T h e  a d d i t i o n  o f  v i t a m i n  D~ to  t he  b a s a l  
d ie t  c a u s e d  a s i gn i f i c an t  ( P < . 0 5 )  i nc r ea se  
in i n t r a m u s c u l a r  oleic ac id  o f  b o t h  b a r r o w s  
a n d  gil ts .  A s ign i f i c an t  ( P < . 0 5 )  n o n - l i n e a r  
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effect of level of dietary cholesterol x sex in- 
teraction was also observed with oleic acid. 

There was no significant treatment or sex 
difference for the palmitic, palmitoleic or 
linoleic acid contents of the intramuscular fat. 
A significant (P~ .05 )  treatment and treat- 
mentx sex interaction occurred with stearic 
acid content to the extent that in gilts, the 
acid pattern was increased by a linear increase 
in dietary vitamin D2 (diets C, D, E) while 
a non-linear effect occurred in intramuscular 
fat of barrows. Since the total saturated fatty 
acid level paralleled stearic acid, the data 
suggest that increased levels of dietary vita- 
min D2 caused the intramuscular fat to be 
more highly saturated. 

A significant non-linear effect (P~ .05 )  on 
myristic acid level of the inner backfat layer 
occurred with linear increases in level of di- 
etary vitamin D2. Myristic acid content was 
maximum at the intermediate level of dietary 
vitamin D2 (1,100 IU/kg).  This was not 
observed in the outer backfat layer. 

The level of palmitic acid of the inner 
backfat |ayer was not affected bv dietary 
treatment while that in the outer layer was 
significantly (P~ .05)  increased when vita- 
min D2 was added to the basal diet (diet A vs. 
B). 

The inner backfat layer of gilts contained 
more (P~ .05 )  palmitoleic acid than that of 
barrows. A significant (P~ .05)  non-linear 
effect of level of cholesterol x sex interaction 
occurred with palmitoleic acid of the outer 
backfat layer. 

A linear increase in level of dietary choles- 
terol resulted in a significant (P~ .05)  in- 
crease in level of stearic acid of the inner 
backfat layer. The stearic acid content of 
the outer backfat layer was no t  s ign i f i can t l y  
changed by dietary treatment. Since total 
saturated fatty acid content paralleled stearic 
acid in both layers of backfat, it is possible 
that increases in dietary cholesterol may re- 
sult in increased saturation of the backfat 
tissue. 

A significant treatment x sex interaction oc- 
curred with the oleic acid content of both 
backfat layers. No explanation is apparent 
for this relationship. 

A linear increase in the level of dietary 
vitamin D2 (diets C, D, E) resulted in a 
significant (P< .05)  increase of linoleic acid 
content of the inner backfat layer. No differ- 
ences were observed in the linoleic acid con- 
tent of the outer backfat layer. The backfat 
from gilts contained more linoleic acid than 

that of barrows which is consistent with the 
findings of Koch et al. (1968). 

Overall, total saturated fatty acid content 
was higher in the inner backfat layer com- 
pared to the outer layer (42.8 vs. 38.6%). 
This too is in agreement with the findings of 
Sink et al. (1964) and Koch et al. (1968). 

E x p e r i m e n t  3. Table 4 shows a summary 
of the effects of dietary cholesterol and vita- 
min Da on blood and carcass traits of pigs 
from Experiment 3. Average backfat thickness 
was not significantly affected by dietary treat- 
ment and as expected from the previous ex- 
periments and other research, barrows had 
significantly (P< .05)  more overall backfat 
thickness than gilts (5.1 vs.  4.6 cm). 

Area of the l. dors i  and percent of fat 
therein were larger (P< .01)  and smaller, 
respectively, in gilts compared to barrows 
(33.9 vs.  30'.5 cm 2 and 2.9 vs.  3.8%). Both 
observations were consistent with results re- 
ported in the previous experiment. 

Carcasses of pigs fed diets containing Sup- 
plemental cholesterol had less 1. dorsi  intra- 
muscular fat than the nonsupplemented pigs 
(2.8 vs. 3.8%p No explanation is apparent for 
this occurrence. ! 

Pigs fed diets c0ntaining supplemental 
cholesterol had higher levels of final blood 
serum cholesterol than the non-supplemented 
group (106.3 vs.  102.1 mg/100 ml). This 
increase was not statistically significant, but 
the trend agrees with observations in the pre- 
vious experiments. 

Since the initial blood cholesterol content 
was quite va[iable among the experimental 
treatments, thb percent change between initial 
and final blood levelf!presents a clearer pic- 
ture of the effect of dietary treatment. Final 
blood cholestbrol of pigs fed the basal diet 
increased 3.8% over igitial levels while that 
of the pigs fed supplemental vitamin Da de- 
clined 4.1%. Final blood cholesterol levels 
of pigs fed supplemental cholesterol increased 
13.6 and 7.1% without and with vitamin Da, 
respectively. The data! suggest a hypocholes- 
terolemic effect of vitamin Da in the presence 
of absence of dietary cholesterol which is in 
agreement with results of the previous experi- 
ments using vitamin D21 

The cholesterol content of the liver was 
not significantly changed due to dietary treat- 
ment although livers of pigs fed supplemental 
cholesterol contained higher levels than the 
non-supplemented group (1.93 vs. 1.87 mg/  
g). Studies with rats have also indicated in- 
creased liver cholesterol levels resulting from 
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T A B L E  4. E F F E C T  OF L E V E L S  OF  C H O L E S T E R O L  A N D  V I T A M I N  I)3 O N  B L O O D  
A N D  C E R T A I N  C A R C A S S  T R A I T S .  ( E X P E R I M E N T  3) 

Sex 
T r e a t m e n t s  ( C h o l e s t e r o l / V i t a m i n  D3) 

A B C D 
I t e m  B a r r o w s  Gi l t s  0 / 0  0 /1100  440 /0  440~1100 

No.  pigs  ~ 12 12 6 6 6 6 
A v g  backfa t ,  cm ~' 5 .1  4 . 6  4 . 8  4 . 8  4 . 6  5 .2  
L. dorsi area,  cm 2b 30 ,5  33 .9  32 .2  31 .6  32 .1  3 2 . 8  
L. dorsifat, % 3 , 8  2 .9  3 . 4  4 .2  3 .1  2 .5  
I n i t i a l  b lood  chol.,  

m g / 1 0 0  ml  97 .0  101.0  96 .0  109.0  9 3 . 0  100.0 
F ina l  b lood  chol., 

m g / 1 0 0  ml  107.0  1 0 t . 0  99 .0  104.0  105.0  107.0  
L i v e r  chol., m g / g  

w e t  t issue 1.91 1 .89  1 .94  1 .80  1 .85  2 .01  
L. dorsi chol., m g / g  

w e t  t issue 0 .45  0 .45  0 .44  0 .44  0 .45  0 .46  
I n n e r  b a c k f a t  chol.,  

m g / g  w e t  t issue 0 . 5 0  0 . 4 8  0 .49  0 .49  0 .46  0 .52  
Oute r  b a c k f a t  chol., 

m g / g  w e t  t issue 0 .52  0 .53  0 .48  0 .51  0 .54  0 .57  

F a t t y  acid compos i t i on  
L ive r  

14:0 1.2 1.2 1.1 1.2 1.3 1.1 
16:0 21 .6  24.2 24.1 22 .4  22 .0  23.2 
18:0 c 29 .0  28 .0  25.7 33 .3  29 .7  25.3 

T o t a l  for sat 'd .  51 .8  54 .2  50 .9  56 .9  53 .0  49 .6  
16:1 + a  + + + + + 
18:1 26 .9  25.2 28 .4  22 .3  26 .4  27 .1  
18:2 21.3 21 .4  20.7 20 .8  20 .6  23 .3  

I n t r a m u s c u l a r  f a t  of l. dorsi 
14:0 e 2 .2  2 .1  2 .0  2 .4  2.1 2.1 
16:0e  30 .1  31 .2  30 .5  29 .9  31 .1  31 .2  
18:0 ~ 9 . 6  8 .7  9 .0  8 .2  9 .0  10.2 

T o t a l  for  sat 'd ,  e 41 .9  4 2 . 0  41 .5  40 .5  42 .2  4 3 . 6  
16:1 6 .1  5 .6  6 .3  5 .6  5 .7  6 .0  
18:1 g,~ 40 .3  40 .6  42 .3  41 .7  40 .5  37 .3  
18:2 ~ 11 .6  11 .7  9 .9  12.2 11 .6  13.1 

I n n e r  b a c k f a t  

14:0 1 .8  2.2 2.1 1 .8  2 .1  2 .1  
16:0 26 .9  27 .2  26.7 27.1 26 .8  27 .5  
18:0 11 .8  10 .6  11.2 10.6 11.2 11 .8  

T o t a l  for sa t 'd .  40 .6  4 0 . 0  4 0 . 0  39 .6  40 .1  4 1 . 4  
16:1 4 . 0  4 .2  4 .1  4 .2  4 .3  3 . 8  
18:1 45 .8  45 .7  45 .3  4 6 . 6  44 .7  46 .5  
18:2 9 .6  10 .0  10.6 9 .6  10 .8  8 .2  

Oute r  b a c k f a t  

14:0 2 .0  2 .2  2 .4  2 .0  2 .3  1 .8  
16:0 25.2 25 .9  25.1 25 .0  25 .7  26 .3  
18:0 9 .2  8 .5  9 .3  8 .0  9 .3  8 .9  

T o t a l  for sat 'd .  36 .4  36 .6  36 .8  3 5 . 0  37 .3  3 7 . 0  
16:1 h 4 .9  4 . 7  5 .3  4 .7  4 . 8  4 . 4  
18:11 47 .3  46 .6  45 .1  4 8 . 6  4 5 . 8  48 .3  
18:2 11.5 12.1 13.1 11 .7  12.1 10.3 

a One pen of six pigs per treatment. 
b Sex effect sig. P<.05 level. 
e Level of cholesterol x vitamin D3 interaction sig. P<.05 level. 
d +--traces,  but amount was too small to measure. 
e Sex x level of cholesterol interaction sig. P<.05 level. 
f Sex x level of cholesterol x level of vitamin Da interaction sig. P<.01 level. 
g Difference due to level of cholesterol sig. P<.05 level. 
h Sex x level of vitamin D.~ interaction sig. P<.05 level. 
t Difference due to level of vitamin Da sig. P<.05 level. 
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dietary cholesterol (Cuthbertson et  al., 1959; 
Pack and Loud, 1965). The highest content 
of cholesterol occurred in livers of pigs fed 
vitamin Da in combination with cholesterol. 
This would suggest that vitamin D3 may in 
effect play a homeostatic role in blood choles- 
terol level by increased retention of cholesterol 
in the liver. A similar concept has been re- 
ported concerning the hypocholesterolemic ac- 
tion of the polyunsaturated fatty acids (Alpert 
and Geller, 1968). 

The cholesterol content of 1. dors i  and inner 
and outer layers of backfat followed a pat- 
tern similar to that of final blood levels. Sup- 
plementing the diet with either cholesterol or 
vitamin Da caused slight increases in the 
tissue cholesterol content. 

The fatty acid content of the liver, l. dors i  
intramuscular fat, and inner and outer layers 
of backfat of pigs in Experiment 3 is also 
summarized in table 4. The fatty acid com- 
position in the liver differed from that of the 
muscle or backfat in that the principal satu- 
rated fatty acid in the liver was stearic rather 
than palmitic acid. Oleic acid was the primary 
unsaturate in all the tissues studied. 

There was no significant treatment or sex 
effect on any of the liver fatty acids studied 
except stearic acid which increased as vita- 
min D.~ was added to the basal diet and de- 
creased when vitamin Da was fed in com- 
bi,ation with cholesterol. 

The total saturated fatty acid content was 
much higher in the liver compared to other 
tissues and its pattern paralleled stearic acid. 

No explanation can be given as to why the 
palmitoleic acid of the liver was not present 
in large enough amounts to be measured ac- 
curately. The level of linoleic acid remained 
fairly constant while the oleic acid content 
varied with the depgsition of total saturated 
fattv acids. 

The mvristic, palmitic and total saturated 
fatty acid contents of the 1. dors i  intramus- 
cular fat increased and decreased in barrows 
and gilts, respectively, when cholesterol was 
included in the diet. The sex x level of choles- 
terol interaction was significant (P< .05) .  
The level of stearic acid was increased in 
both barrows and gilts with the inclusion of 
dietary cholesterol. Although not significant, 
the 1. dors i  intramuscular fat of gilts appeared 
to be more highly saturated than that of bar- 
rows which is consistent with findings in the 
previous experiment. 

There was no significant treatment differ- 

ence for palmitoleic acid in the 1. dorsi  intra- 
muscular fat. A reduction (P~ . 05 )  in oleic 
acid content was observed in pigs fed sup- 
plemental cholesterol compared to the non- 
supplemented group (38.9 vs.  42.0%). The 
addition of vitamin D3 to the diet increased 
and decreased oleic acid content of 1. dors i  
intramuscular fat in gilts and barrows, re- 
spectively. Linoleic acid content was elevated 
(P~ . 05 )  in 1. dors i  intramuscular fat of pigs 
fed supplemental vitamin D3 (12.6 vs.  
10.7%). 

There was no significant treatment or sex 
difference for the fatty acid pattern in the 
inner backfat layer. The addition of vitamin 
D3 to the diet caused a reduction and eleva- 
tion in palmitoleic acid content of the outer 
backfat layer of barrows and gilts, respec- 
tively. The oleic acid content of the outer 
backfat layer increased significantly (P ~ .05) 
with the addition of vitamin D.~ to the diet. 
The data indicate an inverse relationship in 
the pattern of oleic acid between the backfat 
and 1. dors i  intramuscular fat. 

The total saturated fatty acid pattern of 
the backfat paralleled that of the muscle 
tissue. The inner layer of backfat was more 
highly saturated than the outer layer which 
is m agreement with results of the previous 
experiment. Backfat of barrows (both layers) 
contained more total saturated fatty acids 
than that from gilts. 

I t  appears from the data that the addition 
of cholesterol to the diet caused an increase 
in total saturated fatty acids of the backfat 
and muscle tissue while those in the liver 
were reduced. When vitamin D~ was sup- 
plemented to the basal diet, total saturated 
fatty acids of the backfat and muscle tissue 
were reduced while those in the liver were 
increased. The opposite was observed when 
vitamin D3 was fed in combination with 
cholesterol. 

There has been some disagreement as to 
which layer of backfat undergoes the greatest 
fatty acid change in response to diet. Bhatta- 
charya and Hilditch (1961) reported that the 
most intensive changes occurred in the inner 
layer, while Garton, Hilditch and Meara 
(1952) indicated greater changes occurred in 
the outer layer. Sink et  al. (1964) and Koch 
et  al. (1968) found selective deposition of 
total saturated fatty acids increased with 
maturity and preferential deposition in the 
inner rather than the outer backfat layer. In 
the present study, total saturated fatty acid 
content was higher in the inner backfat layer 
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compared  to the outer  layer  thus  ind ica t ing  
the inner  layer  of  b ack fa t  undergoes  a grea ter  
fa t ty  acid change and was deposi ted  subse- 
quen t  to the outer  layer .  

S u m m a r y  

T h r e e  exper iments  invo lv ing  144 crossbred 
barrows and gilts were  conduc ted  to de te rmine  
the effects of d i e t a ry  supplements  of v i t a m i n  
D and cholesterol  upon blood cholesterol  and 
the cholesterol  and fa t ty  acid con ten t  of cer- 
ta in  tissues of growing-f in ishing swine. 

Supp lement ing  the diet  wi th  crys ta l l ine  
cholesterol  resul ted in nonsignif icant  e leva-  
tions final b lood se rum and l iver  cholesterol  
levels. T h e  blood and l iver  cholesterol  levels 
of bar rows  tended  to be grea ter  than  those of 
gilts. 

F ina l  blood cholesterol  levels consis tent ly  
decl ined or at  least  were s tabi l ized by  the 
addi t ion  of v i t amin  D2 or D3 to the swine 
diets. W h e n  high levels  of v i t amin  Da and 
cholesterol  were fed in combina t ion ,  the b lood 
level  of cholesterol  was reduced  while t ha t  
of the l iver  was increased.  These  findings in- 
dicate  t ha t  the hypocholes te ro lemic  effect of 
v i t amin  D m a y  be in par t  re la ted  to increased 
l iver  cholesterol  re ten t ion  or deposi t ion.  

T h e  cholesterol  con ten t  of the 1. dorsi in- 
t r amuscu la r  fat  and the inner  and outer  layers  
of back fa t  was qui te  s imilar  wi th  small  var i -  
a t ions  due to d ie t a ry  t rea tment .  T h e  f a t t y  
acid pa t t e rn  of the three tissues was also 
s imilar  bu t  concen t ra t ion  var ied  wi th  d ie t a ry  
t rea tment .  T h e  l. dorsi in t r amuscu la r  fa t  of 
gilts was more  h igh ly  sa tu ra ted  than  tha t  of 
barrows.  However ,  the back fa t  of bar rows 
conta ined  higher  levels of to ta l  sa tu ra ted  f a t ty  
acids than  tha t  of gilts. T h e  inner  back fa t  
layer  was more  h ighly  sa tu ra ted  than  the 
outer  layer  in bo th  barrows and gilts. D a t a  
suggest  tha t  the inner  layer  of back fa t  ex- 
h ib i ted  a more  extensive tu rnove r  of f a t t y  
acids and was deposi ted subsequen t  to the 
outer  layer.  

T h e  resul ts  suggest  tha t  d i e t a ry  in take  of 
cholesterol  causes increased deposi t ion of 
sa tu ra ted  f a t ty  acids and e levated  blood cho- 
lesterol  levels whi le  d ie ta ry  in take  of v i t amin  
D causes increased deposi t ion of  unsa tu ra t ed  
f a t ty  acids, p r imar i l y  l inoleic acid, and re- 
duced blood cholesterol  levels. A l though  the 
fa t ty  acid pa t t e rn  of pork  tissue was changed  
by  man ipu la t ion  of diet, the  cholesterol  con- 
tent  remained  qui te  stable.  
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