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ABSTRACT

In 5 éxperiments, a control diet (C) or. diets
containing 10 or 15% tallow (T) with or without the addition

of propionic-acid (PA) were fed to growing swine to

. determine the effects on plasma and tissue cholesterél level: .

Cholesterol (CH) fapeseed 0il (RSO) and sugar (S) were also
added to swine diets to test their hypercholesterolic effects.

Pig performance as measured by average daily gain (ADG),

average daily feed (ADF), and efficiency of feed conversion
(EFC) was also determined. Digestion studies were also
conducted in Experiment 1. . Blood collection and sampling

methods, the effects of starvation on plasma cholesterol and

’

the relationship of plasma total lipid to plasma total

cholesterol was also measured. A cholesterol inhibitor

(AY-9944) was. used to determine the rate of cholesterol

synthesis in pigs fed lS%T and 15%T + 5%PA diets.

The addition of T or RSO caused a‘redgction'in.ADF
aﬁd an improvemént in ADG and EFC. The inélusion of PA in
the diet improved EFC) but ADG and ADF\were slightly less.
Fhan those of pigs fed the C diet. There were no significant
differences in % digestible energy and % digestible nitrogen
in pigs fed C, 53PA, 10%T or 10%T + 53%PA diets.

‘The inclusioﬁ of 5%PA in the diet tended toAéepress
plasma cholesterol levelc while the addition of téllow tended
to increase plasmé chclesterol levels. The'increése in
plasma cholesterol obtained with 10%T was about hélf that

observed when feeding 15%T. The inclusion of cholesterol

iv



or sugar had no significant effect on plasma cholesterol
levels. No significant differences in plasma cholesterdl
between males and females were observed in any of the
experiments. 'Tge inclusion of ,108T in the diet»increased
the cholesterol eontent of bile and eisspe saﬁélee. The
inclusion of 5%PA both with and without4iO%T stgnificantly
(P < 0.05) lowered kidney cholesterol conten¥:” fhere were

no sigﬁificant_differences in cholesterol eontents of liyer.,
bacl’ muscle, ;eg musele and fat,andebile,

‘Blood samblingland collectioefmethods and .12 hours
starvation pfior'to:bleedin§7had no effeet on blood choles-
terol concentratioﬁs. Plasma'fotal‘lipid content had no

R . . : . . R ] R . S
sigqificant influence on the determihation:of plasma total
cholesterol (r? =0.32). Propionic ecid in the diete of pigs’
appeared eo‘have.a significant effect on cholesterol
synthesis in’the liver,‘es large differences (P < 0.001) -
iwereeobserved-in the levels of.plasma 7—dehydrocholestefol

of'pigs 24 and 48 hours after being orally'dosed>with the

eompdund'AY—9944 (Experimeﬁt 5).
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INTRODUCTION -

Cholesterol occupies a role ofvsignificant
importance in the animal body. Excessive levels of choles-
terol, as wéll as other lipids; in the circulatory system
of many animals have been shown gﬁzgéuse a disease termed
"atherosclerosis". Atherosclerosis is characteriied by an
accumulation of soft, amorphous lipids (including choles-
'terol) in the arterial walls cagsing the fqrmation of intimal
plaqﬁeszor lesions. 1If the lesions enlarge they may
- hemorrhage, reduce the size of the lumen, or possibty
completely occlude'the blood'véssel. Aithough this condition
has been shown to occur in many animals, it is of primary .
importance to man sinéé hundreds of thousands of people‘die
eéch year of this'disease.

~ Dozens of factors have been suggested to be
contriSZtors to ‘the occurrenée\of this disease. Among those
receiving most frequent mention are heredity, stress,
obesity, hypeftensioh, diébetes-mellitﬁs, cigarette smoking[
iack of exercise, aietvand hypercholesterélemia (Jacobson,
1974) . Although therevis still considerable disagreement
regarding the pathogenesis of.the disease, considerable
progféss'has been made in our knowledge of the disease and
in its' prevention and cure. The‘importance of controlling .
hypércholesterolemiayin man has réceived considerable |
attention. Reducing circulating ievels of cholesterol by

eithe: dietary means or by controlling rates of cholesterol



synthesis have been‘sugcessfﬁl to only a minor degrce. The
‘level of fat in the diet has been implicated as being one

¢ of the main factors in causing high blood.cholesterol
levels therefore controlling its intake has become one of

the prime methods of reducin. vlood cholesterol levels.

Bush and Milligan (1971) reported that the forma-

tion of ketone bodies could be reduced through the partial

e \
!

~hydroxymethylglutaryl#®Coa
-

synthase, which is part of a common pathway involvind both

inhibition of the enzyme, beta

the formation of ketone bodies and cholesterol. ' Evidence
suggestea that"propionyl—CoA chpetitioﬁ with acetYl-CoA
could possibly result in inhibition of the enzyme and
therebybreduce'the rates of tissue cholesterol synthesis
and hence thé ievel of blood cholesterol.r |

| The use of the pig has become exceedingly popular
in reseq?ch dealing with "atherosclerosig" because thg,
responses assoc;ated Qitﬁ'this disease in man also occufs
in the pié; The studies described herein were undértaken
to determine the effects of ﬁropipnic acid invdiets éf pigs
on plasma and‘tiséue cholestefol‘levels or its rate,of‘

synthesis. ' “




LITERATURE REVIEW

1. Lipids and Atherosclerosis

. The lipids are a heterogeneous group of compounds
which include fats, oils, waxes, phospholipids, glycolipids,
steroids and r~lated substances. Fats and gils comprise
by far fhe largest group of lipids and yield fatty acids
and glyceroi upon hydfoiysis. Fatty acids which occur in
-natural fats usuélly'contain én.even number of carbon atoms

(because they are synthesized from 2-carbon gnits),'are
étraight chain derivatives, and may be saturated (containing
no doubie bonds) ér unsaturated (bontaining one or more
double bonds) . fats or oils are consideréd to be saturated
or{unsatu:aﬁed depending on the degree of saturation of

the cbmponent fatty acids. The fatty acid contents of some
animal fats and vegetable oilé are shown in Table lﬂ

-In general, the animal fats are éonsidered to be safurated
even though their unsaturated fatty acid'contént may be gquite
high. On a weigﬁt basis, beef fat conéainé approximately
60% Saturated fétty acids and pig and chicken fat less than
50% and 40% respectively (Jacobson, 1974). Although most

vegetable oils contain higher lewels of unsaturated fatty

acids than do animal fats there is

ne notable exception,
coconut oil, in which only 10% of the fatty acids are

’

unsaturated.



TABLE 1

TYPICALvFATTY ACID ANALYSES OF SOME FATS OF

Animal Fats

ANIMAL AND PLANT ORIGIN'!

SATURATED

UNSATURATED

Palmitic Stearic Other Oleic Linoelic Other

component fatty acids.

2

Mostly linolenic acid.

&)

Lard 29.8 12.7 1.0 47.8 3.1
Chicken 25.6 0 0.3 39.4 21.8
Butterfat 25.2 2 25.6 29.5, 3.6
Beef Fat 29.2 21.0 3.4 41.1 1.8
Vegetéble Oils

- Corn 8.1. 2.5 0.1 30.1 56.3
Reanut 6.3 4.9 5.9 61.1 21.8
Cottonseed 23.4 1.1 2.7 22.9 47.8
Soybean - 9.8 2.4 1.2 28.9 50.7
Olive 10.0 3.3 0.6 77.5 8.6
Coconut - 10.5 2.3 78.4 7.5 trace
! From Mayes, 1973. All values in weight percentages of

W 4 v
[S2 NN S Ve BN o2

2.9

2.1
7.02

1.3

»



The group of lipid derivatives containing three
fused eyclohexdne €1ngs in the phenanthrene arraegement with
8 to 10 carbon atoms 1in the side chain at position 17 and an
alcoholic hydroxyl graup at position 3 are elaseed as sterels,
of which thelmest abﬁndant representative in animel‘tissues
is cholesterol. The tissues in which cholesterol i1s most
frequently found are the body fats, bile, brain, liver, kidney,
nerve tissue, blood, skin, arteries and egg yolk.-éit is a |
neceseary part‘ofieellular membranes, 1s necessary for the
production of sex and adrenal hormones, and is a precursor in
- the formation of bile acids. Acetyl units are the basic
building blocks in cholesterol synthesis. The more acetyl
units that are made available, for example, from feeding large
gmounts of dietary fat, the greatet the rate of syhthesis,of
cholesterol (Bortz} 19732. |

High dietary fat levels depress fatty acid synthesis
- from acetate because many of the fatty acids"needed for the‘
production of‘Body fat are derived from the diet under these
conditiens (Naber, 1976). The need for aeetate for fatty
acid synthesis is reduced making the acetate pool available
fer energy production or cholesterol formatibn. Huang ;nd
Kummerow (1976) observed in studies with swine. tissues that .
when acetate was available; liver, small intestine, and
adlpose tissue were-lmportant 51tes of cholesterol synthe51s,~
but that the main site of plasma cholesterol synthe51s in
swine was the llveg. The acetate SZtalned from endogenous or

exogenous sources would in these tissues be avallable for

cholesterol synthesis. The continued need for-cholesterol



in the body may be sétisfied by endogenous synthesis or
obtained ffom exogenous soﬁrces. The greater part of
cholesterol in the human body érises by‘ﬁet synthesis (about
1 g/day) whereas only about 0.3 g/day is provided by the
average diet (Mayes, l973); - However other e%timates have
"placed the average cholesterol ihtake in\Tigjto be about
1 g/day, with a range of 0.5 tu 2.0 g. (Taylot and Ho, 1967).
Over 20 years agb (Kéjs, 1953) reported that a
positive correlation existed betweén the level of dietary
fat or dietary cholesterol and serum cholesterol levels,
and all tﬁese appeared to be related to the'presence‘Oﬁ
cholesterol containing lesions (plaques) in the arte;ial
system of maﬁ and animais. The increasing occurrence of
suéh lesions in man, termed4"atherosc1erosis", has led many.
-esearchers to studies of how the diseaée can be brevented
or'céntrolied. The use of swine in research of problems
associated with excessive circulation of cholesterol in
tne arterial system has Becomé increasingly common. There
.appear: ~c be little doubt that the‘lesibns'occurring’in
tHe aortas 14 coronary'arteries of swine résemblé
uncomplicatec human atherosclerosis énd that inéident to
the developmer ° severe lesions consistent elevations in
both plasma =z .c cholesterol levels have been 6bserved_

(Moreland et - _. Kummerow et al, 1974.



2. " Controls of Cholesterol 9ynthe51s

In mest species of animels cholesterol synthesis
is contrelled via a feed-back mechanism and thercfore can
be influenced by the addition of dietary cholesterol |
(Wilson et glé 1967; Naber, 1976). Although some animals
do -not have as effective a control mechenism as othe;s, in
mest species feed-back control occurs by inhibition of the
enzyme B—hydroxymethylglutaryl—CoA (HMG-CoA) reductase
(MYant, 1975; Sabine and James, 1976). Another hypothesis is
that there is an intestinal factor capable of stimulating or
inhibiting hepatic cholesterol synthesis whenever there
is a need for inc;eased amounts of bile acids;'(Krumdieck
and Ho, 1977). _In a review, Bortz kl973)4mentioned a
number of‘factors such as fat feeding, cholesterol feeding
.or bile acid”feeding which may influence hepatic cholesterol
synthesis but he suggested that .the HMG- CoA reductase step
was probably the most important site for the control of .

’

cholesterol synthes;s.

Thevsuggeeted mecﬁaniems of maintaining,chelesterol
balance 1in the.body have been outiined (Naber, 1976). Nager:
efated thatvﬁhe blood and tiesﬁe levels of cholesterol are
deterﬂined by tﬁe balance echieved between diete}y inputs
and body syntheeie on one'hand, and excretion of neutral
.sterols and oxidation to bile ecids.on the other hand. Studi.s
of cholesterol turnover,'synthesis and retentidn have been

conducted with swine under hypercholestefolemic'conditions,



(Marsh et al, 1972). This study evaluated the rates of
synthesis a;d absorption of cholesterol in pigs fed either

a milk-cholesterol diet or a mash-~cholesterol diet.

Absorption of cholesterol ahd plasma cholesterol leQels

weré significantly greater in pigs fed milk—cholesﬁerol

dicts whereas synthesis of cholesterol was greatest ip animals
fed the mash-cholesterol diets. Their study also showed

that the accumulation of cholesterol in most body tissues

of growing pigs was directly reiated to an increése‘;n

body size. :

Kekki et él (1977) reported ﬁhat in many animal
species including man, the‘rates of cholesterol synthesis
have been determined using labelled cholestc. 0l or fecal
steroid énalysis. One uniqﬁe'gnd useful assay for livér
cholesterél synthesis involves thé-use of a cﬁolesterol
inhibitor 2Y-9944 (trans-1, 4-bis (2 chlbrobenzyiaminomethyl)
cyclohexane dihydrochloride) (Humber 1963; Dvornik et al,
-1963) which has allowed an estimation of the rates of choles-
terol synthesis in'rats (yiorton et gl, 197i). Dvornik et al,
(1965) éuggestedvthat AY—9944, thch is‘an inhibitor of
.cholesterol biosynthesis, couid be used to estimate cholesterol
synthesis by measuring the amount ‘of 7—dehydroéholesterol'

(precursor) formed over a certain period of time.



3. Factors Affecting Cholesterol Levels and Incidence

of Atherosclerosis

a. "Fat, Cholesterol and Protein

i. Studies with swine:

The addition or change of certain_dietary'componente
have been shown to be 'important factors contributing to
incre&sing blood choleeterol levels and in the development
'of lesions of atherosclerosis. The level or type of fat

or oil:in the diet, and the dietary_level of cholesterol

and protein have been'studled extensively to determine

their relationship to cholesterol concentrations in the blood
and tissues. The llterature rev1ewed in this thesls w1ll
deal prlmarlly‘w1th studles 1nvolv1ng swine. t

A greater 1nc1dence of atherosclerotic lesionv
development in pigs was reported from feeding saturated
fats as opposed to feedlng unsaturated fats in the diet.
Howard et al,’ (1965) fed to growing pigs a commercial diet or
threesemisynthetic diets containing noFfet, 10% beef tallow,
or lO%_maizeioll, Serum cholesterol levels were varlable
but the mean values for each diet were not 51gn1f1cantly
dlfferent. Their results showed that serum cholesterol
concentrations were | $ lowervlnothe‘tallow fed group in

. comparison to the leyels obtained with pigs fed the maize
0il diets. The results confirm the observation that animals

fed the unsaturated fat have lower mean serum cholesterol

levels than those fed saturated fat. Pigs fed fat or oil
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supplemented diets had higher serum cholesterol values
than pigs fed the commercial or the no-fat semisynthetig
diets. This study also demonstrated that feeding semisynthetic

diets to pigs did not increase the concentration of serum
choleste;ol which 1s 1in contrast fo earlier results obtained
with rabéits (Wigand 1960; Gresham and Howard, 1962).

Peifer and Lundberg (1957) studied the inflJence
of specifié fatty acids in the diets of minature pigs and
found that lower chélesterol levels were obsefved in pigs
fed unsaturaﬁéd fatty acids.. Subsequently, Peifer and
Lundberg (rQSB) attempted to evaluate simultaneously the
influence of total caiories, fat calories and degree ofifat
unsaturation on the levels'of blood cholesterol. Minature |
‘pigs fedwdiets with 18% fat (beef tallow br corn o0il) had
piasma cholesterol leve;s twice those of pigs fed Sfé% fat
in their diets. Source of fat had no significant effect on
blodd cholesterol levels but corn oilbtendéd to giVevloWer
cholesterél,values. These‘authors also suggested that the
" calorie intake as fat is the most important factor influencing
blood cholesterol level ratheé'?haﬁ toﬁal calorie intake. A
'ﬁqre recent study by Hutagéiuné et al, (1969) showed thét‘
pigs fed elther 5% lard, beef tallow or sheep tallow had
51gn1f1cantly hlgher serum, muscle and liver cholesterol
levels than pigs fed control diets.’ These trials also
demonstrated that cholé;terolvleQels were significantly higher

in pigs fed animal fats (lard, beef tallow or sheep tallow)

compéred with pigs fed corn oii. Pigs fed tallow had higher
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serum cholesterol levels than those fed lard. Hill et al
(1971a) reported that the pigs fed coconut oil had mean serum
cholesterol values considerably lower than those of plgs
fed tallow. They also noted that the serum cholesterol .
levels of pigs fed coconut oly were not as markedly elevated
during thelfirst weeks of the experiment as those of pigs
fed tailow. A recenp study by Aherne et al 31476) demon-
strated that high'serUm chdlesﬁerol values were obtained in
growing pigs fed diets containing 15% high or 1low erucic
acid rapeseed oils. Cholestefol'levels of blood samplés
taken éfter 4 weeks (18.7 kg) on the experiment wére signi-
ficantly higher for pigs fed the rapeseed oil containing o
diefs than fbr Pigs fed the control diets. No significant
dif}erences between d;etafy treatments were reported at 16
.weeks (87 kg) or 23 weeks (130 kg) of the experimenfi

Dietary fat plus added chélesterol has also been
shown to increase bléqd cholesterol levels and promote the
development of atherosclerotic lesions‘in both man and animails.
Keys et al (1956) suggested ﬁhat, in man,:dietéry cn?lesterol
'is of lesser importance than dietary fgt in- influencing blood
cholesterol le&els and atherosclerotic lesion development.
However, Connor (1968) conciudgd that dietary éholesterol is
the most important factor éontfibuting to ihcreased‘blood
chdlesterolvand the promotion of an atheroscierotic disease
cdhditiog. . ) | ’ -

Gyorkey and Reiser (1964) determined the extent to
whichuatherqsclérosis could bé induced in young minature

swine. The study consisted of feeding diets containing 20%
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saturated fat (myristéyllaurin) or unsaturated fat (cottor+
seed 01il) slone or in combination Qith 2% cholesterol.

They reported‘that.only swine fed the saturated or unsaturated
fats blus chole§zerol diets developed grosé and microscopic
atheroséleroﬁic lesions. Plasma and liver cholesterol levels
were higher for swine fed cither type of fat compared to
'conﬁrolfanimals but the highest plasma cholesterol values /o
were obtained with pi§§;fed the unsaturated fat (77 mg/lQO ml)
as compared wah those fed the saturated fat (60 mg,/100 ml).
They su?gested that these results reflect the influence of
;atufﬁted fatty acids on cholesterol ébsorptioﬁ.

GreeE et al - (1966) studied a combination of effects
of high and low levels of energy intake, two fat sourées
(soybean o0il or tallow), protein level (18% versus 12%),
and the addition of 1% cholesterol in pig diets on serum
cholesterol levels. They also observed the effects on the
incidence of atherbsclerotic lesions " : the thoracic and
abdominal aoftas and coronary arteri- Feeding 15% tallow
resulted in higher serum cholesterol levels than obseryed
Qith feeding 15% soybean>oil. The tallow supplemented diets

'also reéulted in an increased incidence of arterial lesions,
excépt in one tria; where pigs fed the soybean oil diets

had a greater incidencé of leSidns.ﬁ The level of eneréy
intake was not important in influencing the level of serum
”cholesterol. Fréh this work they concluded that the type

of fat in the~diet Was more important than thg amoﬁnt of

fat, which is consistent with earliér reports by Bragdon g;/gi
(1957) and Barnes et al (1959a). Greer et al (1966) also
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reported that no significant effects on serum_cholesterol
levels were observed with pigs fed two protein lovols:(ll%
versus 18%) 1in a 15% fat diet. However low protein diets
resulted in a greater incidence of lesions in the thoracic

and abdominal aortas. The addition of 1% cholesterol to the
diet resulted in significantly higher serum cholesterol levels
and a higher incidence of lesions in the aortas and coronary

8]

arterics than obscrved with pigs fed the same diets without

added cholesterol. This is not in agreement with previous
results of Mattson ct al (1972) who indicated that dietary
cholesterol Qas the most impgrtant factor in influencing serum
cholesterol lecvels. Greer et al (1966) also found that feeding
low pius cholesterol  resulted in higher serum cholesterol
levels than feeding soybean oil plus cholesterol. These
results age in agreement with earlier reports of Downig et al
(1963) and Moreland et al (1963), but are in disagrgement
,wit% the wo;k of Reiser et al (1959) who reéorted that
uhshturated fats in the. diet inc:eased the absorption of
cholesterol whereas saturated fats depressed the absorption

of cholesterol. ¢

"Hutagalung et al (1969) demonstrated tKat the
Aaddition of 1% cholesterol to pig diets resulted i; a trend
toward increased cholesterol concentrzcticns in muscle and
"body fat and markedly elevated the cholesterol levels in
liver and serum. The addition of 1% cholesterol to diets
containing 12.5% lard resulﬁed in significantly higher serum

cholesterol than in diets’without added lard or cholesterol.



Gupta et al (1974) reported that pigs fed a iow érotein
(5%)-high fat (25%) diet supplemented with cholesterol
(6 g/animal/day) had more extensive and severe‘lesions and
more elevated serum cholesterol levels than animals fed a
high protein (25%)-high fat (25%) diet supplemented with
cholesterol (6 g/animal/day). They concluded "that adequate
levels of protein appear to have a protective effect on the
_occurrence of atherosclerotic lesiaqns when animals are
fed extremely high fat diets. Barnesé&vgl (1959a) reported
thét'serum*cholestérol levels were not influenced by protein
level. . However, these same authors Barnes et gl,(l959b)
énd Baker‘gg al (1968) reported that serum cholesterol
levels of pigs were elevated aé'dietary protein levels
decreasedx especially with'éxtremely low protein levels.
‘;Eeveral additipnal studies have shown that adding
fat (Hill, et al, 197la, 1971b; Brooks et al, 1972) and
choiesterol (Luginbuhl et al, 1969; Hill, 1972;‘Marsh et al,
1972; Nam et al, 1973; Lee et al, 1974) to swine diets
increased bloodizholesterol levels and increased the’incidence
df lesions in the arterial syétem. Yet, not ali the résults
from adding fat have shown a positive cérrelationhbetween
the two. Barnes et al (1961) and Gresham §E al (1964) have
reported that the type of fat in the diet did not influence
the level of serum cholesterol O£ the degree of lesion
develépment. Barnes et al (1961) observed similar sefum
cholesterol levels in sows fed either hydrogenated tats or

natural plant-fat mixtures. Link et al (1972) and Calvert
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and Scott (1974) achieved only moderate hypercholesterolemia
in female swine fed high fat diets and even 'then consideréble
fluctuations in cholesterol levels were observed. An attémpt
by Link et al (1972) to induce hypercholesterolemia was
largely unsuccessful in male bigs. |

Extremely high levels 6f serum .cholesterol
(890 mg/100 ml) have been observed in minature pigs fed a
combination of 20% tallow, 3% cholesterol and 1% hog gall
extract (Hill et al, 1975). 1In contrast the control animals
in the experiment had mean serum cholesterél vélues of
92 Fg/lOO ml.

{
i

Ei. Studies with Other Animals:

The effects of dietary fat or cholesterol on
serum cholestérol~levels and the dévelopment of athero-
sclerotic lesions has béen studied with species other than
swine. Increased leveis of cifculating cholesterol have
been shown when fat or cholesterol was added to the diets
of calves (Wiggers et al, 1971, 1973; Jacobson et g£, l974),
rabbits .(Ho et al, "1974; Borgman and Wardlaw, 1975),

“keys'(Prathqp, l975),‘and éhickens (Kruski and Nara?an,
1972; sklan, et §£,11974). Howevef, Céhnor et al.
(1967) reported that rabbits (a species which is highly
susceptible to hypercholesterolemia) fed for one year on
diets high in animai or vegetable fats produced no
hypercholes%&dolemia and onlyvsiight atherosclerosis was.
noted in 50% 5f the rabbits fed the animal fat. When.small

amounts of cholesterol (0.25%) were added to the diet ldrge
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increases in serum cholesterol levels and considerable

atherosclergsis resulted.

4. Cholesterol Values in Pigs

The reported,biood cholesterol coﬁcentrations from
a number of studies are shown in Table 2. The blood
cholesterol levels of swine under normal dietary condltlons
may range from 80 to 190 mg/l100 ml and were influernced by
age, sex, breed,»body weight, sampling tir. during the day
as_well as many éther factors. Rothschild and Chapman
(1976) and Rothschild et al (1975) reported £hat'bbdy,weight
and dam (h;iitability) could significantly influenée'serum
cholesterol,levelé. Aherne et al (1976) also found blood
cholesterol levels to 1ncrease with an increase in llve—
weight of contro% pigs.

Time of collection of the blood samples has been
reported ﬁo infguence the cholesterol values obtained.
| Tumbleson et al (1972) showed a 7% variation in thé mean
values of minature boars bled over an 11 day period whén blood
collections were made at midnight (66.8 mg/100 mlf} 6 a.m.
(63.0 mg/100 ml),'nooh7(69.7 mg/100 ml) and 6 p.m. (70.5
mg/100 ml) . Kellogg et al (1977) observed significant
differences in tissue cholesterol bgtwegn s&iné of different
genetic backgrounds. They detecteé-differehces in cholesterol

content of liver and muscle of Yorkshire, Hampshire, Duroc

and Hampshire-Yorkshire pigs.

[
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TABLE 2
SUMMAPY © BLOND CHOLESTEROL LEVELS IN SWINE
Total
No. . Weight Cholesterol o
Treatment Animals or Age mg/100 ml References
Fat Free Diet :
(72 days) 4 Weanling 125.5 Witz and Beeson, 1951
5% Fat (72 davs) 2 130
Normal o 20 . 8.2-30 kg 88 Link, 1953a
Normal : 11 56.8 kg ) 92 Rowsell et al, 1958
Butter S B 3-4 months 87
Margarine ) 11 86
‘Control Start 11 111 Rowsell, et al, 1960
.after 52 wecks 4 3-15 months 102 .
Butter Start - 11 107 e
after 52 wueks 4 ' 124 T
Egg Yclk Start 11 ’ 117
after 52 weexs 4 ’ 321 .
15% Soybecan cil 12 194 days 112 Greer et al, 1966
15% Soybean oil, . .
1% cholesterol 12 . 153
15% Tallow 12 114
15¢% Tallow, ‘ .
1% cholesterol 12 ’ 184
Normal , ' Minature 70-90 Hill, 1966
High tallow pigs 100+ ‘
Normal 3 Weanling 190 : McClellan et al;
Normal After ’ 80-100 1566
weaning
Control 10 ' 96 , Hutagalung et al,
5% Corn oil - 10 56.4 kg 90 1969 . .
5% Lard 10 ‘ : 106
5¢ Beef tallcow 10 136
5% Shcep taliow 10 ° . 130
" Low Fat ' : Mature 35.6~53.7 Kaneko &nd Cornelius,
_ 1970 ‘
.Répeseed/Soybean ; ‘
meals 49 Growing . 110-163 Bowland, 1975
Rapesced mezl/ ’ - Sarwar and Bowland,
rabhakeans : 32 Growing 1231-14¢8 1976
15% Rapeseed oil 64 4-5 weeks 122-154 Aherne et' al, 1976
No added o0il, .
4 weeks 16 o 1lo7
16 weeks - 16 114
23 weeks 16 129
Normal ' ' - Mature » 59-1¢2 Mia, 1976
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a. Age and Sex Effects

’\Dvorak (1967) reported that serum cholesterol
levels in piglets on»the day of birth were 68 il8‘mg/100.ml
but had risen to 149 * 32 mg/100 ml by 30 days of age.

These and m;ny other studies (Gyorkey and Reiser, 1964;
Marsh et al, 1972) have confirmed ﬁhat age 1is an important
factor influencing the level of cholesterol found in th;
blood and that the incidence of atherosclerotic“lesions is
associatea with high blood chélesterol levels. However,
there are aléo studies that have reported no ihcréase in

cholesterol levels with age of swine (Guptaet ‘al, 1974;
Link et al, 1972). Tumbleson and Hutcheson (1976) suggest
that serum cholesterol levels in pigs decrease with an
increase in age, with females having higher mean‘va}ues.than
malés. At one month bf age cholesterol values for malés and
females were 158 a~d 182 mg/100 ml, respectively whéreas’at
36 months of age vaiues were SO and 78'mg/100 ml for males
gndcfemales respectively; This work was in agreeﬁent with
earlier repoits by Fillibs'gg al (1958) who‘reportéd that
under normal circumstances cholesterol levels are higher_in
females than males. | .
Link et al (1972) failed to proauce hypercholes—‘
terolemia in male pigs>but were able to do so in femaie
' pigs. Cox ahd Hale{(l960) reported the effectsvof'dietary

hormones and fat level on serum cholesterol levels of swine.

'Their -study involved 30 barrows fed two levels of testosterone
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or a single ievél of stilbesterol (synthetic estrogenic
compound) in diets supplemented with 5% or 10% beef tallow.
The results showed #hat testosterone caused a marked
‘reduction in éerum cholesterol but there was no éuch effect
with stilbesterol. From their resulfs théy suggested that
castration contributed to hypercholesterolemia since boar
pigs sampled had significantly lower serum éhoiesterol than
barrows and eséentially the samé levéls as those fed testo-
stefoﬁe.  |

. Review of research data with human sﬁbjectsﬁspowed
that hiéher levels of circulating cholesterol and inégeased
étherqsclerbtic lesion formation occurred i? males, with
levels increasingrwith age in both men and women (Brusis
and_McGandy, 1971). Coﬁsiderable variation in this sfudy
in choleéterol lévels between the sexes and between different
age groups within the same sex wefe observed and establish- g

ment of what normal cholesterol levels are is still not

clearly resolved.

5. Influence of Dietary Fat or 0il on Pig Performance

a. Growth Rate and Fedd Intake

4

A review of the data concerned with fat supple-
mentatiqn'of pig diets showed théf 10% added fat leads to
a 10% reduction in feed iptake: é 13% impfovement’in feed
-qonversioh efficiency and a 3 to 4% increase ih.growth rate

(Agricuiture Research Council, 1967). Since that review,
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several other experiments ﬁave also shown that the level
of dietary fat héé a definité effect on pig performance.
Hutagalung et al (1969) showed that the

addition ‘of animal fété (lafd, beef tallow or sheep tallow)
to swine diets improved éverage daily gains and feed to
gain ratios. w§§ermah et al (%?73) studied the effects oﬁ
low levels of suéplemental £allow in finishiné rations on

) pié performanée. Three bercent téllow.in the diet reduced
tHe time taken to reacﬁ markét’weight b¥ 4 days and also
reduced'tﬁe metabolizable eneréy‘consumed'per unit of gain
byvabout 4%. Brooks (1972) and Allee gﬁ al (1970) reported

-

'that the addition 6f 10 to 20% fat in a pigs diet increased
rate of gain.. Brooks (1972) reported a negati&e correlation
betWeen féed/gain and energy concentration iﬁ the diet which
is iﬁ agréement with the observations of Allée et al (1970)
that the addition of 13% fat to?apig%;dietimprovedthe feed/
gain ratio. The/additiOn of vegetable oils.to the diets of
pigs allowed pig performance similar to that obtained from‘
the addition of animal fats (Brooks et*al, 1972). Friend
and his coworkers in l975'reported that growing;finishing
pigs fed rapeseed oil or soybean oil diets'(iOItQ 20% of
.1tﬁe diet) had impréved feed efficiency compared to pigs fed
cogtfol diets but when a level of 20% of both oils were

féd, body weight gain was significantly redﬁced (P«;OJOS)
fo£ the first 4 weeks of thé_experiﬁent. Aherne et al

(1975, 1976) observed no éignificanﬁbdifferéhcés in the

average dafly gain of growing pigs fed diets containing 15%
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0il (rapeseed or soybean) of a controlﬂdiet. Arc:ne et al
'(1976) reportved that the‘ihclusioh of“lS% rapeseed ~il in lhe
diet of pigs reduced the amount of feed required per kllogram
llvewelght by 20%. The improvement in feed conversi-r
efficiency was similar to the values reported for other fate
~and oils (Agricultural Research Council, 1967). /;\/\
According to the Agricultural Research Council (1967)
at lower crude protein levels added fat to the diets of pigs
caused a reduction in dally feed lntake and little change in
rate of gains. At a higher crude protein level added fat
gave faster gaihs with little change in feed intake. Allee
and Hines (1972) found that daily:gains were not sigﬁificantly
affected by fat 1 vel when a constant calorie:protein ratio
was maintaided. With diets unadjdsted,for calorie:protein
ratlos daily gains decreased and metabolizable energy‘required

per unit of gain increased when increasing amounts of fat

were added to the diet of young pigs.

"b. Digestibility of Fat or 0il in the Diet

Howard et al (1965) reported.thatche apparent
digestibility of fat (ether.e#tract) in diets of pigs was 44%
for a 10% beef tallow diet, 79% for 10% maize oil diet. and
82% fcf.a_standard commercial diet. 1In contrast the Agri—

- cultural Research Ccuncil (1967) cites the digestibility
coefficients for pigs cf a cydfclYZed‘fatbmixture or beef
tallow added as 5% df the diet were 76% and 86% and that of
stabilized white greese added as 10% to 20% of the diet was
87% to 90%. The Agrlcultural Research Council also concluded

that fat dlgestlblllty was affected by age and by chain length

of the fatty acids in the fat.
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Bayley and Lewis (1965) reported that the
digestibilities of the individual fatty acids by-the pig
follow a similar pattern to that in other species, in that the
unsaturated fatty acids are more easily absorbed than the
saturated fatty acids. However, the absorption of a,‘
particular fatty acid is to a large extent iﬁfluenced by
the other iatty acids in the fat mixture which is fed.

The wide vériation in the reported values for the.digesgi—
bilityﬂof beef tallow By pigs is unlikely to be due to
this"variationvin the digestibility of the unsatura

fatty acids, since they are well digested‘(Bayley, 1.

Bayléy sﬁggested that the major source Of\VariatiOn in  all v
digéstibilitvaas caused by ﬁhé extent to which the sature 4
fatty;acids (palmitic and stearic acids) are digested énd

that there may be a selective uptaké of oleic acid by the

intestinal mucosa.

6. The Influence of Dietary Volatile Fatty Acids on Pig

Per formance

a. Growth Rate and'Féed Intake

Bowland, Young. and Milligan (1971)'reported that
a vola£ile fatty acid mixture of 40% aceticﬁ 40% propionié
and 20% butyric could be'added at 1é§é1s of 2 and 8% in
#he diets of gfowing pigs without significantiy'influencing
feed intake or rate of gain. When the volatile fatty acid

mixture-was fed at levels of 12% of the diet a significant

L 4



depression in daily gain‘and'feed intake occurred. Cole

et al (1975) reported that propionic acid (0.8%) treated
barley{was.utilizeé aé efficiently by pigs as was untreated
dried barley (14% moiStuge). |

| | The volatile futty acid contribution fromvalimentary
tract sources under normal dietary conditions couid be

equivalent to 15 to 28% of the daily maintenance energy

requirements. (184 to 330 Kcal) of the pig (Friend et gi,f

1964).
/
7. Propionate Metabolism ;ﬁf‘ ‘ o '
a. The Effect of Propionate on Ketogenesis

As early as 1933, Quastel and Wheatley demonstrated
the efféctsiof propionic acid on the oxidation of bufyfic"
aéid'in guinea pig liver homogenates.-'Quastel and Wheatley
.shbwed~that when propionate, which contains an odd number
of cé?bon atoms, was ddded to the butyrate incubations thére
was substanﬁially lessfkefone’quies (acetoacetate, acetone,
B~-hydroxybutyrate) reieased. The addition of'propioniccacid and
butyric acid at:an equivalent céncentratién (0.17 ﬁ) reduced
the formation of acetoacetic acid by liver homogenates by-v
84 percept;"They suggested that the iﬁhibitofyveffect of
pfgéionic acid may be due to‘a simple competition with
butyric acid for the active surfaces invélved in fatty
acid oxiéaﬁion. Studies with cows fed sodiumopropionate

(Shultz, 1958) and with shegp given an intravenous



21

24.

injection of sodinm propionate (Reid and Mills, 1961) both
have demdnstrated the "antiketogenic" effect of propionate
with reduced blood ketone levels. Subsequently Bush et al .
(1970) reported an inhibition of ketone body formation of
87¢% when bovine liver slices were incubated .with butyrate
plus proplonate (9.0 1ug/50 mg dry tlssue) compared to

1ncubatlons with butyrate alone (70.2 ug/50 mg dry tissue).

b. The Effect of Propionate on Cholesterolgenesis

The formatiqn of cholesterdl’and of the three
ketone bodies in liver tissue,occurs through a common
pathway (see Figure 1). The common pathway of formation of
beta—hydroxymethylglutaryl—CoA (B—HMG—COA) from ac'e'toacetyl-~
CoA is catalyzed by the conden51ng enzyme beta- hydroxymethyl—
glutaryl -CoA synthase (a.). From B-HMG-CoA, ketone bodies

may be formed utlllzlng the enzyme B~HMG~-CoA lyase (c ),

- or the formatlon of cholesterol can occur through the

1ntermed1ate productlon of mevalonate in the presence of

the enzyme B-HMG~CoA reductase (b.). Bush (1970) and Bush

-and Milligan (1971) suggested that the reductlon of ketone

body formatlon could be achieved by 1nh1b1tlon the .

enzyme R- HMG -CoA synthase. ’ In bov1ne liver incubations
concentratlons of 30 and 15 mM proplonate 1nh1b1ted B-HMG-CoA
synthase by 58 and 30% respectlvely while proplonyl ‘
CoA at the same concentration as acetyl-CoA (0.5 mM) reduced
the act1v1ty of the enzyme by 46%. .Bush and Mi%ligan |

concluded thsa't propionyl-CoA, and propionate at high
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FIGURE 1

SCHEMATIC REPRESENTATION OF CHOLESTEROL

AND KETONE BODY FORMATION IN LIVER
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concentrations inhibited the conversion bf acetoacetyl-CoA
. to B~-HMG-CoA. They s;ggested that in vivo propionyl-CoA
rather than propiéhate would likely be involved in the
inhibitions.

Propidnyl—CoA.has only one route of metabolism,
thét'is to methylmalonyl-CoA and then to succinyl-CoA
(Kaziro and Ochoa, 1964). This may favour its accumulation
in the liver tissues §t least relative to acetyl~CoA.
Middleton (1867) and Higgins et al (1972) suggested that
propionfl«CoA (and higher homologues) is a competitive
inhibitor with respect to acetyl-CoA. From these suggestions
aﬁd from the work of Bush (1970) one could speculate that '
propionyl-CoA may act competitiveiy with‘acetyl—CoA for
the active site on the B-HMG-CoA synthase enzyme molecule.
The iiver possesses highllevels éf B-HMG-CoA synthase
activity ana is a major site of cholesterol and ketone
body formation (McGarry and FosFer, 1969).' Since the
formation of‘choleste;ol and ketones share a common pathwéy;

one might assume that the inhibition of cholesterol formation

could be achieved in the same manner as the inhibition of

-
.

ketone body formation.



CONDITIONS COMMON TO ALL EXPERIMENTS

1. General Objectives: The experiments described below
were designed fo examine the effects of the dietary
inclusion of propionic acid on plasma and tissue cholesterol
levels of swine fed diefs with or without the addition of

high levels of fats or oils:,

2. Experimental Procedures

.

a. .Animals and diets: All experimen?s were carried
out at-the Edmonton Research Station from September 1975 to
December 1976. All pigs used were crossbreds and of.a
yéimilar age within each.experiment. Barn temperature was
maintained‘betweén 21-22°C and wood shavings or straw were
usually provided as partial bedding. Feed was provided ad
lib, except in the digestion trials, and pigs were alwéys

allowed free access to water. With the exception of Experi-

‘4
]

ment 3, diets containing either 10% or 15% added tallow or
rapeseed o0il contained 15% more crude protein, minerals and
vitamins than the non-fat diets to compensate for an ekpected

decreased feed intake.

b. Collection of blood samples: Pigs in all trials were
bled by anterior vena cava puncture'(Carle and Dewhirst;
1942) . Approximately 15 ml of blood was Qithdrawn at each
‘bleeding, For plasma collection heparinized needles and
syringes were used and the.blood was then placed into 15 ml

N

27.
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tubes containing approximately one drop of h ;arin (1000

units/c.c.). Blood samples were then centrifuged at 2500
rpm (1.1xG) and the plasma transferred into 20 ml plastic

or glass disposable screw-cap vials. Samples were storoed

at -30°C until analyzec



STATISTICAL ANALYSIS

The experimental data (unless otherwise indicated)
were analyzed usin: 1alyses of variance. Analyées of
varianée involving equal numbers of observations were
analyzed according to the procedures given by Steel and
Torrie (l96b). In the case of Experiment 1, where one pig
died, missing valﬁes were substituted from an requivalent
pig of the same sex and in the same pén} Multiple comparison
of means were made at the 5%7(P<O.05) level of‘proﬁability
using Duncan's Multiple‘Range Test (Steel and Torrie, 1960).

The following symbols wefe used to denote tests

of significance:

Symbol Meaning .
* Means are significantly different at P < 0.05 ‘
* % © Means are significantly different at P < 0.0l
faliale Means are significantly different at P < 0.001

a,b,c,d,e Means bearing the same letter or no letters

are not significantly different at P < 0.05

SEM ' Standard error of the means
NS Means are not significantly different at P < 0.05
G -,




=
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METHODS OF CHLMICAL ANALYSIS

1.  Feed and Feces Samples: Dupligate samples of feed were
ground and analyzed for crude protein (N x 6.25), dry matter,
ash and ether extract by A.0.A.C. (1975) methods. Fecal
nitrogen was determined using the same method. A commercial
"kel-pak"’ was used as a catalyst in  the Kjéldahllanalyses,
the ammonia wa§ collected in 50ml aliquots of 4% boric

acid and titrated with standard H2504. Gross energy of

feed and feces were determined in a Parr Oxygen Bomb

Calorimeter® equipped with a Brown Electronik Recorder;7

2. Plasma)Total Cholesﬁ?rol: Plasma total choleéterol
concentration was determined by the method described by
Block’, Jarrett and Levine (1966). Samples of plasmq wefe.
thawed and duplicate samples ofVO.Snﬂ. pipetted into
20 x 150 mm screw-cap culﬁuré tubes. To each tﬁbe 9.5ml
of.reagent grade isopropanol was added and the tubes were
vigorously mixed for at least 45 séconds. Thé tubes weré
allowed to stand for 10 minutes and thgn centrifuged §t
1000 rpm for 5 minqtes. A 2ml pasteurvpipette was used

to transfer an aliquot of the mixture into 2 ml autoanalyzer

o3 Kél-pak; Matheson Scientific, East Rutherford New Jersey. Mixed
9 catalyst supplies HgO, KZSO4 and CuSOA.

® Parr Instrument Co., Moline, Illinois.

7 Minneapolis-Honeywell Regulator Co., Philadelphia, Pennsylvania. .

30.
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cups.v Total plasma cholesterol was determined using a

Technicon Autoanalyzer (Methodoiogy N-24a).% The samples

were run at a rate of 40 per hour. Absorbance was read
R

at 550 nm in a 15mm tubular flow cell. A FeCl39 mixture‘

was used as the color reagent. Sample values were compared

direCtly,to a standard cholesterol!? curve.

3. Tissue Total Cholesterol: Samples of frozen liver,

kidney, fat and muscle were freeze-dried!! to a constant
wFight for 72 hours at .a shelf temperature of 38°C. Large .
quantities of liver and kidney were finely ground using a
rMicro Analytical Mill!'? (no. 1) and put into 100 ml plastiq
cappedlbottles‘for analysis. Core.samplesvofvmuscle and
fat were put separately into éOInl glass scintillation
vials, fregze—dried,.finely chopped using a small s;aéula,

" capped and kept at -30°C until analyzed. .Analyses of tissue
samples were by’the method described by Naito and Lewis
(1975). Approximately 150 mg duplicate sampies'of eacﬂ

tissue‘Werevplaced in a 25x150mm Teflon screw-cap culture

tube. The sample was homogenized in 10ml of reagent grade

Technicon Instruments Corp., Tarrytown, New York, U.S.A.

® Ferric Chloride (98%) J.T. Baker Chemical Comp., Phillipsburg, N.J.
U.S.A. (825 mg FeCI3 in 2000 ml concentrated glacial acetic-acid
and 1000 ml concentrate H2504) :

1o Cholesterol. Sigma Chemical Company, St. Louis, Mo., U.S. A

1 Repp Srbllmator, Model SRC 42, Division of Virtis Co., Inc
" Gardiner, New York U.S.A.

'2 Canadian Laboratory Supplies (Canlab):
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isopropanol using a Polytron Homogenizer!® fitted with

a size PT 10 ST geﬁerator. The mixture was allowed to stand
for mlnutes and thenvcehtrifuged at 200xg for 10
minutes. The supernatant fluid was poured into 20 ml capped
glass vials. Analysis for total cholesterol coneentration
was accomplished using the Autoanalyzer as previously
described for plasma samples;

AL Defermination of Cholesterol in Bile: The extraction

¢

,and estimation of total cholesterol in bile samples was
accomplished as_described in Appendix A. Duplicate samples
of bile were determined and the extract analyzed on the

Autoanalyzer as prev1ously descrlbcd for plasma samples

5. Estimation of Total Plasma Lipids: Analysis for total

lipia per.ml of plasma was determined as shown in Appendix B.
Extraction of samples was made as outlined.and extrécts-

ran.oﬁ a gas chtomatdgraphlé using a Cl7 internal standardis.
Peak areas were measured using an integrator’elattached to

a recorder'’. Identification of peaks were made with

reference to standard peaks previously recorded.

13 Polytron Homogenizer PTlO—35 Brinkman Instruments, Kinematica,
Luzerne, Switzerland.

% Bendix Series 2500. Bendix International Operations, New York,
N.Y., U.S.A.

15 Heptadecan01c acid Lot #0528 Applied Sc1ence Laboratories Inc.
Box 400, State College, PA. - )

16 Autolab Mlnlgrator Technical Marketing Assoc1ates, Toronto, Canada.

'7 Fisher Recordall, Series 5000.
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6. Determination Qf Fatty Acid Patterns of Tallow and

Rapeseed Oil Samples: Fatty aoid patterns of two tallow
and one rapeseed oil sample were analyzed to;determine the
relative contexuts of predominant fatty acids for each{
~fat or oil. ﬂ&m*procedure descrlblng the determinations a- e
’outlined in Appendix C. Identification of individual
fatty acids was made using standard peaks prev1ously

determlned Samples were run on gas chromatograph as

described previously for total lipids.

7. Determination of 7—dehydrocholesterol: Plasma samples

collected for determination of 7- dehydrocholesterol
concentrations were analyzed according to the method of

- Horton et al (1971). Some modifications such as increased
volume size'and the use of’a seconé extraction.are'shown in
the methodwoutlined in Appendix D. Analy51s of 7- dehydro—
cholesterol Qas\measured as "fast- -acting sterols" (Moore
and Baumann, l952) using the stable Liebermann- Burchard
reagent described by Kim and Goldberg (1969). The
absorbance ‘at 6251nnlWas recorded'using an ultraviolet
Spectrophotometer!®. Estimation of samples were derived
from a curve obtalned from standard 7- dehydrocholesteroll9’

absorbances recorded at varlous concentratlons.

s

18 sp 1800 Ultraviolet Spectrophotometer, Pye Unicam Ltd., Cambridge,
England. .

[N

1s Aldrich Chemical Comapny, Mllwaukee, Wisc., U.S.A.. Tnhibited
with 15 - 20% methanol.



{
EXPERIMENT 1

o

1. Objective: The objective of‘Experiment 1 was to study

the effects of the dietary inclusion of propionic acid on

blood plasma and tissue cholesterol levels and on the‘
performance of grow1ng pigs fed diets of different fat content.

2. Experimental Procedures

a. Animals and diets: Sixty-four pigs of’ an average’
weight of 24 kg were randomly allotted to four replications
of four dietary treatments. The four diets, as shown'in

Table 3, consisted of a control (C) diet or a diet containing

"lO% tallow (T), both fed with or w1thout the addition of

5% proplonlc ac1d (PA) The diets were mixed at intervals

of 2.5 to 3 weeks to avoid the, p0551b111ty of development
of rancidity in the feed. Each repllcation consisted of
fourppens.with fodr pigs (2 barrows and 2 gilts) per pen.
Animals were housed in approx1mately 1. 2:(3 meter pens on
solid concrete floors. Pigs were weighed initially and
every 2 weeks thereafter. Feed cohsuﬁption on a pen basis
was recorded eyery'2 weeks on the day_on which pigs were.

weighed.

b. Collection of samples:
i. Blood samples: Blood samples were obtained from
pigs at the start of the experiment and at the same time on
days 7, 14, 21, 28, 49 and 70 of the experiment Plasma was

prepared as described preViously
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\

ii. Tissue samples: After 70 days on experiment
pigs wére slaughtered and tissue ;émples collected. A large
"portion of the median lobe of the liver and the entire right
kidney were collected ffom each pig. Core gamples of muscle
and fat were aléo/collected using a 27 cm diameter hand
operated coring deviée One back core (approximaﬁely 20 cm
from the tail head and 5 ¢m 90° to the'back line) and a leg
core sample (approx1mately ‘one-half the distance from the |
tail head to the flrst joint on the back of the ‘leqg) wereL

collected. Muscle samples collected from the back and leg

core were of the longissimus dorsi and semitendenosus respec-

tiveiy’ -Prior to the start of Experiment 1, tissue samples
for comparatlve ‘studies were also collected from eight pigs
(4 barrows and 4 gllts) welghlng approx1mately 33 kg (31
35 kg). All tissue samples were collected into sealed
pléstic bags and frozen at -30°C until analyzga.

iii. Bile samples: Galf bladders were e;refully
removed from the lobevof the liver and the bile wés<d§ained
into 100 ml plastic disposable capped vials'énd frqiéh at

-30°C until analyzed.

3. Digestion Study: Digestion studies were conductéd during

the experimental period. Two repllcatlons of elght plgs were

[}

‘randomly a551gned to the four dletary treatments prev1ously
described (Table 4). ‘- In each replication there were one male
and one female pig per treatment. 'The'pigs in replication

one were assigned to their respective treatments at an average
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initial weight of 47.7 kg whereas those in replication two
averagéd 52.1 kg at ﬁhé time of allottment. During each
tfial, the selected pigs were placed in raised, solia walled,
wire mesh-flooréd digestion cages. The pigé were allowed

a 3 day period in which to become accustomed to the. cages.
Nb collections were made during this period. On the morning
of the fourth day the cages were cleaned and collection
trays wefe installed beneath the cages. Total fecal
éollections were made 'daily for 4 consecutive days after
wﬁicﬁ pigs weré removed and weighed.

During each of the digestidh trials records and
.collection procedures were as folloys. Piés were fed at a
level of 80% of the individual average d;ily feed bonsumption
during. the week prior to the trial. - Pigs were fed.three
times daily and wer%‘allowed free access tov_water.{> Any
feedfthat was not éohsumed during the trial Qas collected,

‘

N ' :
dried at 60°C for 72 hours in a forced air oven' and

e

allowed to stand ainfoom‘temperature for several hours to
arrive at an "aﬁr—dry"gbaSis, before being weighed. Samples

of feed were separately‘gnalyzed,for each trial -(see
‘section on "Methbds o% Chemicai Analysis")§

Each morning during the collection period feces
were collected and placed in a labelled plastic bag}aﬁd |
stored at 3°C. After the foufth'day of collection, total

feces collections from each pig were thoroughly mixed, total

‘weight was taken and approximately 600 g of wet feces were

! Style 31, Despatch Oven Co., Minneapolis, Minn. . .S.A. .
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withdrawn aﬁd pla&ed in an aluminum tray. The samples of
'feces were dri;g/in a forced-air oven at 60°C for 72 |
hours, removed and allowed to equilabrate to an "air-dry"
basié for several hours and thgn wéighed for determination

of air-dry weight. Each sample was individually ground in

a (Size 8C and N) Laboratory Mill? with a 2mm mesh screen.

Results and Discussion

1. Pig Performance; average daily gain (ADG) average daily

feed intake (ADF) and efficiency of feed conversion (EFC):

The effeéps of the fQur dietar: treatments on ADG, ADFland 
EFC-are presented in Table 5. Statistically significant
differences were noted for the above three parameters in all
the time periods meésured. As expected the inclusion of
tallow in the diet decreased (P < 0.001) the overall (O to
ld'weeks) feed consumption'by 16%. The inclusibnAOf tallow.
also impro&ed (P <0.001) EFC by 18% and improved,ADG by

3 to 4%. These results are consistent with the statement

bf the Agricultural Research Council (1967) that a 10%
reduction in ADF, a 3 to 4% increase»in'ADG'ahd a 13s%
improvement  in feed.cdnversion eff¥ciency résults when 10%

tallow was added to the diet. These regults are also in

agreement with those obtained by Aherne et gl'(l976)’who

2 Christy and Norris Ltd., Chelmsford, England.
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found no significant differences in the ADG of pigs fed 15%
0il or a control diet. Over the 10 weeks of the reriment
the\inclusion of proéionic acid in diets with or without
the addition of tallow significantly decreased ADF and

ADG, and improved EFC compared to C diets. These results
are in contrast to those reported by Bowland, Young and
Miiliganl(l971) who reported that feéding volatile fatty

acid mixtures at 2 to 8% of the diet did ndt‘significantly

influence feed intake or rate of gaih.

2. .Digestibility Studies: The digestibility coefficients
obtained for nitrogen and enefgy of the four diets are shownf'
in Table 6. The digestibility coefficients for-energy (DE)
_and nitrogen (DN) determined by the total cbllectibn proéedur-
were not significantly‘different between treatments;
replications or sexes. Values for DE Qere consistent with
those reported by Onaéhise‘(l976). There was a larger
variation in the DN values obtained than was observed for

DE. The digestibility coefficients for nitrogen were not
consiétently lower than those obtained for energy, as has
been previously %éported by Onaghise (1976) and Okai (1974).
The inclusion of tallow or propionic acid both appeared

to inc;ease.the digestibility of nitrogen, but £he difference

was not significant.

o

3. Blood Studies: The average plasma cholesterbl values

\

for pigs from each treatm nt are shown in Table 7. Pigs

<
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assigned to the diets containing tallow tended to have lower
but not significantly different plasma cholesterol levels

at the commencement of the experiment. Significant differences

'ﬁ'm plasma cholesterol were noted in pigs fed the four diets

Jtur 1, 7 and 10 weeks of the experiment. One week after
the start of the exueriment the plasma cholesterol levela
of the pigs fed the C and the PA diets were’ similar to-
‘their respective starting levels, whereas the average
cholesterol level of pigs fed the T diet had increased by .
33 mg to 118 mg/lOO ml which was significantly higher than
’that of pigs fed the othervthree diets. Pigs fed the T diet
- had the highest plasma cholesterol levels throughout the
experiment but the dlfferences were 51gn1f1cant only in weeks
1 and 10. Anlmals fed the PA diet had the lowest (P < 0.05)
average plasma cholesterol level in week 7 and week 10.

'For each périod sampled the cholesterol levels‘of
pigs fed the T + PA diet were lowe® than those of pigs fed
the T diet but the differences weré significant dnly for
weeks ¥, 7 and 10. The addition of propionic acid to the C
diet also tended to reduce plasma cholesterol levels but’the
differences were significant only in weeks 7 and 10 of the
experiment. |

The inclusion of t@llow in the diet was not
consistent in raising and maintaining plasma cholestefol

1 vels .1 pigs as reported by Gupta et al (1974) and Greer
56). Within each tlme period there were no 51gn1-

£ alffere -5 n the plasma cholesterol levels of males
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or females fed the same diets. The changes in plasma
cholesterol level with time observed with pigs fed the C
diet suggests that plasma cholesterol does not incrEase with
age in pigs fed low fat diets.

The‘differences in plaéma cholesterol levels from
sﬁart to finish (week 10 minus week 0) for each treatment
group were compared against each other using a single degree
of freedom cémparison (Steel and Torrie, 1960). Results
showed that the inclusion of tallow in the diet significantly
increased plasma.cholesterol level and tha" thg/Ihclusion
of bropionic acid in the control diet signifiéantly decreased
it compared to that of animals fed control diets.  However
a-simple regression‘of plasma cholestérol on weeks for each
Qiet (Table 7) indicated a significant decrease in plasma
cholesterol for the propionié acid,digt only (b = —2.14);

It is worthy td note thét the differencés were tested at a

statistical level of 0.05 and they would reach a higher

significant level if a less stringent test were used.

4. Tissue and Bile Studies: The cholesterol concentrations

of the tissue and bile samples of the experimental and

pre-experimental pigs are shown in Table 8. Nc s._gnificant

differences in cholesterol concentrations o< ~ny ~f the

tissue or bile samples analyzed were observed between pre--
experimental males and females. For comparisons of the pre-

experimental samples with the 10 week samples of pigs fed

_the. four ‘diets, the means for the males and females of the

/
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pre-experimental end each of the fout diets were combined.
These means were tested using multiple range tests (bunnett's
procedure;  Steel and Torrie, l960)-for‘the treetment and
sex by treatment interactions. The measure of error vatiation
was the "valid error” obtained from the ANOVA of the specific
trait for the four diets. v L
Comparisons of pre-test values with pigs fed C

diets showed that cholesterol leveis in musdle and bile
tended to decrease with age of the pig. In’contrast fat,
liver and kidney all showed increases in‘choleSterol»content
with age. |

; _
/ Statistical analysis of samples from animals fed
the fcur diets showed thatithe'addition of propionic acid
to C diets decreased (P<<0 05) the cholesterol content

-

of kidney and had no 51gn1f1cant effect on the cholesterol
levels of ljver, muscle and bile. The addition of‘propionic
acid alone incteased the cholesterol level of both fat
samples but only in the case of back fat samples was the
increase significant; Relative to the control diet the

inclusion of tallow in the diet resulted in a non- significant

1ncrease in the cholesterol content of the bile and in- all

-other tissues tested except 'kidney in whlch the level remalned

unchanged.

Similar to the observatlons for the PA dlet the

addition of proplonlc ac1d to the T dlet decreased (P< 0.05)

the cholesterol content of the. kldney, but had no 51gn1flcant
N
effect on the cholesterol contents of any of the other

Y




48.

tissues or biie samples. It is interesting to note that the
addition of propionic acid to the T diet.decreésed the
cholesterol éontent gf both back and leg fat samples which
is in contfast to the effect of propionic acid addition to
the C diet. No significant differgnces between barrows and
gilts.were observed except in back and leg fat sampleé where
females had significantly higher cholesterol concentrations
than males. | |

The léﬁels of tissue and bile cholesterol as
presented in Table 8 are in agreement witﬂ thoSe of Marsh
é_t al (1972) who reported a range of 57 to ‘64 mg/100 g for
adipose tissue, 57 to 64 mg/100 g for muscle and 86 to-194
mg/100 ml for bilg_samples. .ﬁutagalung et al (1969),obsérVed
that muscle, subcutaneous fat and liver samples from pigs
fed»control diets had:cholesterol concentrétions_of 36,
105 and 302 mg/lOOlg of tissue, réspectiVely. “vey also
obgérved a.signifi;dnt incfease in:thé cholesterol,céncen—
tration of these tiséugs with 5% added dietary fat. Recently -
Kellogg EE al (1977)'5bserved significant differences in
the tissue‘levels.of different breeds of pigs. 1In this-
study the rapge in cholesterol levels were 479_to 542 mg/100g,
504 to‘537 mg/100 g, and 109 to 139 mg/100 g for iiver, back '

fat and muscle tissue respectively.
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Summar
v

Sixty-four crossbred pigs, approximately 25\kg
in weight were allottéd.to féur diets - a control diet and
a 10% tallow diet both with or without the addition of 5%
'propionic acid.-vThe éxperiment was‘conducted for 10
weeks. Plasma cholesterol levéls were determined 6n weeks
0, 1, 2, 3, 4, 7 and 10. Pig performance was'recorded every
2 Qeeks. iAfter 10 weeké‘the pigs were slaughtered and
samples of livér, kidney, back muscle and fat, leg muscle
and fat, and bile were'coliected for cﬁolesterol analysis.
Tissue and bile sambles were also collecfed from 8.pre—
treatment pigs. A digestibility study using the four diets
n'was also performed. The results indicated: )

1. Dietary propionic acid tended to depresé
plasma cholesterol levels in swine, while the addition of
- tallow to the diet tended to increase plasma cholesterol
levels. No significant differences in plasma cholesterol

o N
was observed between males and females.

2. The inclusion of tallow in tﬁe diet ihcreased
the cholesterol content of bi.e and tissue samples. The
inclusion of propionic acid significanﬁly lowered kidney
,chélester01:¢9nteht. Nobsignificanﬁ differences in liver,
back muscle, leg mﬁscie'and fat, and bile cholesterol.
concentrations were observéd for any of the four tieatments.

'3; The inclusion of propionic acid in the'diep

improved EFC, but ADG and ADF were inghtly less than those



of pigs fed the control diet. Overall the presence of

tallow improved ADG and EFC and decreased the ADF.
4, Digestibility coefficients for DE and DN

were not significantly different between treatments.

®
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"EXPERIMENT 2

1. Objectives: The objective of this experiment was to
study the effects on blood cholesterol concentrations (over
20 days) of including 15% tallow or 10% tallow plus 10%

sugar in isonitrogenous diets of growing pigs.

" 2. Experimental Procedures

.é. Animals and diets: Twelve pigsﬁbf an initial average
we%ght of 27 kg were randomly allotted to three dietary
ﬁreatments, control (C), 10% tallow plus 10% sugar (T +S)
and a 15% tallow (T) (Table 9). The diets were formulated
to contain 16% crude protein. The ﬁineral and Qitamin levels :
of the fat subplemented diéts was iﬁc;eased_by lS%_to ‘ |
compensate for an éxpected reduced feed intake in diets
containing added tallow. Four animals (2 barrows and 2‘gilts)
per treatment were penﬁed'iﬁ concrete floo; pens measuring
l.4m x 3;9m.

Pig weights and feed consumption for each pen were

recorded on day 0, 10 and 20 of the experimental period.

b. Collection of blood samples: Blood plasma was
collected from each pig in the morning of days 0, 5, 10 and

20 of the experiment.

51.
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TABLE 9

FORMULATION AND COMPOSITION OF DIETS

EXPERIMENT 2

Composition

(analyzed)

Crude protein (percent)
Crude fat (percent)
Gross energy (Kcal/kg)
Dry matter (percent)

Ash (percent)

1

See Table 3

'DIETS C 108T. + 108S 15T
. ¢

Ingredients . .

‘Barley  * 66.0 44.9 50.2
Wheat S - 17.3 11.2 12.5
Soybean meal 13.2 19.7 18.1
Stabilized’ t 9 - 10.0 15.0
Sugar o S o -~= 10.0 -
Iodized salt LT R 0.5 0.6 0:6
Ground limestone” 1.0 1.2 1.2

. Dicalcium phosphate 1.0 1.2 1.2
Vitamin-mineral remix! 1.0 1.2 1.2

Y

Composition (calculated)

Crude protein‘(percent) 16.0' 16.0 16.0
Digestible energy (Kcal/kg) 3212 3790 3962

Calcium (percent) - 0.72 0.85 0.85
Phosphorous (percent) . 0.56 0.54 » 0.56

16.9 16.2 16.2"
1.32 10.36 12.98
3884 4337 4601
89.9 90.9 90.0
5.4 5.2 . 4.6

Qy
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Results and Discussion

1. Pig Performance (ADG, ADF, and EFC) : The average daily
gains, average daily feed intakes and the\efficiency'of feed
conversion are shown in Table lO.» No statistical analyses
/were performed on ADF or EFC because feed intakes were
recorded on a pen basis, with only oneypen of pigs per
treatmint. No signifioant diffef@hﬁ@s were observed in ADG
fér the three treatments tested. Although the results were
not slgnlflcant, plgs fed diets containing sugar consumed
more feed and had higher ADG than pigs fed the other dlets
The EFC of pigs fed the 10%T + 10%S or the 15%T dlet were
improved by 10 to lS%drespectiveIQ compared to pigs f=d the:
C dietl As expected the ADF of pigsvfed the‘ld%T dietvwasv
0;24:kg per day and 0.334kg per day lower than C fed and 10%T +

10%S fed pigs respectively.’

2. Blood Studies: The averagevplasma total'cholesterol

concehtrations of the pigs fed the three diets are shown in
Table 10. Statistically eignificant differehces_were observed
between the three diets on days b, 5 and 20 of the experiment,
At the start of the experiment (Day 0), pigs allotted to the
158T dlet had lower (P < 0.05) plasma cholesterol levels than
the other two dlets. After 5 days on the experlment, pigs

fed the:C diet nad significantly lower plasma cholesterol
levels than pigs fed the other two diets;_ At 10 days, however,
-here were no sigﬁificant>differences in’cholesterol -

E3}
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concentrations between pigs fed any of the three treatments.
At the conclusion of the experiment (Day 20) pigs fed the
lS%T diet had significantly higher‘(approximately 24% higher)
cholesterol levels than pigsted the other two diets. For
the 20 day test period the addition of 15% tallow to the dlet
resulted in a hlghly significant increase in plasma cholesterol
concentrations (46 mg/100 ml) while pigs fed the remaining
diets Showed.very little change. No significant differences
"in plasma cholesterol of males or females weie Observed.

The increase in plasma cholesterol for pigs fed
the 15%T diet is far greater than was observed at week 3 of
-Experiment 1 when pigs were fed a 10% tallow diet. Whether
this 1ncrease 1n cholesterol in this experlment 1s a reflection

of the hlgher tallow in the diet and/or ‘the fact that the

diets were not adjusted for calorie : protein ratio in this

experlment is not known. : \\\;\\

| 7
Summary h ‘ . | L)

Crossbred pigs, weighing approximately 27 kg, were
fed an 1son1trogenous 16% grower ration contalnlﬂg elther no
tallow or sugar (C), 15% tallow (T), or 10% tallow plus 10%

sugar (T;+S). The experlment was conducted for 20 days. Pig
7
performance and also plasma cholesgerol levels at days 0, 5,

: : \

10 and 20 of the experiment demonstrated
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1. The inclusion of tallow plué sugar ih pig diets
did not have any significant influence on the level of plasma

cholesterol. The inclusion of tallow alone significantly

increased plasma cholesterolg levels.

2. Diets containing 10%T + 10%S increased ADF and
ADG and improved EFC. Diets containing 15%T reduced ADF and
improved EFC without affecting ADG. These differences

were not significant.
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EXPERIMENT 3

<

1. Objectives:
a. The first objective was to Observe 'l ~ffects on
plasma cholesterol concentrations of includ.r -allow, rapeseed

0il or cholesturol in dlets of growing pigs for a period of

W« A
.

1 -

20 days. : -

b, The etcond objectlve was to determlne the effects of

P N

samleng method, plasma fractlonatlon, and the use of

different or no anticoagulants on the cholesterol values of
IN

pigs.

2. Experimental Procedures

. Y2
‘a. Animals and diets: Thirty pigs were randomly allotted

by sex to five dietary‘treatments, with one pen of three
gilts and one pen . “hree barrows per treatment Pigs of an
inittal average welght of 23.6 kg were housed in pens (1.2mx
3m) on solid concrete floors. Pigs were fed a control (C)
grower diet or a grower diet contalnlng elther 10% or 15%

tallow (T), 15% rapeseed—01l (RSO)&or 1% cholesterol (CH)

~ (Table 11). The previouSly described adjustmeﬁts in protein,

‘mineral and vitamins were made in the tallow and rapeseed

‘ru\:

0il supplemented diets. k

Pigs were‘weighed at the start and completion of

'the experimentallperiod and total feed consumption was

recorded.

K o 57,
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b. Collection of samples:: Blood plasma was collected
from each pig in the morning of days 0, 5, 10 and 20 of the
experiment.

On‘completion of part (a) of this experiment, six
pigs ftom the-control diet, and six pigs whose cholesterol
levels were very high and six pigs with low plasma choles-
’terol levels were selected ffem the other treatment groups
to determine the effects of different blood colleetion and
sampling metnbds on cholesterol Values. 'Six pigs (two piés
from each'eategory described above) were randomly allotted
to each of the three different ‘sampling and collectlon procedures
(A, B or C) as shown 1n\?able 13. To determine the eﬁfects
different anticoagulants have on cholesterol:determinatlons
(A) 10°ml of blood was collected using needlesrand tubes
containing either Heparin, EDTAa, or no antacoagulant (serum)

To determine the p0551ble fractlonatlon effects w1th1n

Ry
e

’ heparinized plasma samples (B) two 10 ml plasma samples were ,
withdrawn consecutively from each of six pigs. Cholesterol
determinations were performed en the entire plasma sample

or where upper and lowet_fractions of centrifugea plasma

were required, the top and bottom halves ef one of the

O VORI SIS

Plasma samples were pifetted into separate 201mlAeapped

glass vials. Due to sampling problems only three pigs were ;

3 Ethylened1am1netetraacet1c acid, Fisher Sc}entiflc Company,

Fairlawn, New Jarsey, U.S.A.




60.

sampled to determine the differences in cholesterol concentra-
tions of arterial versus venous blood (C). Two consecutive

w »
10ml serum samples were withdrawn from @aach of 3 pigs for

this study. '

All plasma sampled was collected as described in
Experiment 1. Serum samples were'collected using clean
syringes and tubes. Samples Qere allowed to stand for 10

minutes and then c¢entrifuged at 2500 rpm to obtain the serum.

.All samples were stored at —Bqu untll analyzed.

L “\J N Y]
R WF

Results and Discussion

1. Pig Performance (ADG, ADF and EFC): The average daily

‘gain, average daily feed intake and efficiency of feed

conver51on of each of the five dletary treatments are showrn

J

in Table 12 Performance of pigs on all diets over the 20
"day period was good and results were generally simi}ar to”
those observed in Experiment 1. As expected the increase in
the energy or- fat content of the diet decreased daily feed
1n§ake, and improved both the'ADG and EFC}/ Pigs fed the 15%

RSC dlets showed a higher (P< 0~05) ADG than pigs fed all

othér dlets.' Q

~

o
- b

2. . Blood Studles.**The average ‘plasma cholesterol concentra-

,tlons for %195 fed eéch of the flve diets are shown in Table 12.

At the start of the trial: (Day 0), no 51gn1f1cant dlfferences
R .

-
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were observed in the mean plasma cholesterol values of the
pigs allotted to the five treatmehts: Pigs fed the 15%T

‘'or the RSO diets had significahtlyvhigher blood cholgsterol
levels on day 5, 10, and, 20 of the experiment thah those

on the other treatments. There was no significant difference
between the plasma cholesterol levels of pigs fed the 15%T

or 15%RSO diets. Pigs fed the 108%T diets were only dlfferent
(P <0.05) from C fed pigs on Day 5 of the experiment.

Plasma cholesterol of plgs fed diets containing 1% cholesterol
'(l%CH) did not significantly dlffer from those of C fed

Aer 10%T -fed pigs at any time of the bleeding perlods The
addltlon of 1% cholesterol to the diet led to the same rise

in plasma cholesterol as that obtalned by the ~addition of

'rom feedlng l% cholesterol in this

- experiment are in agreement w1th those of Hutagalung et al

‘lO%T The observatlons

(1969) who reported that the addition ef.l% cholesterol to
ﬂthe diet of pigs reeulted'in an elevation of serum choles?
terol. -Hutagalung gt;gl_found that even though dietary
cholesterol alone elevated'eerum cholesterol levels, the
additioh 0f 12.5% lard and 1% cholesterol to:the diet gave
'significantly gfeaterbserum cholesterol levels than the.
Afaddltlve effects resultlng from the addltlons of fat and
cholesterol alone.

For the 20 day test period pigs fed either 15%T or
15%RSO showed an increase in plasma cholestefol levels
which was twae that of pigs fed either 10%T or 1%CH.

Control fed pigs had a net decrease in plasma cholesterol
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of 7mg/lQOnd from Day 0 to Day 20. These results are in
agreement with those of Creer et al (1966) who reported
£hat pigs fed tallow had higher serum cholesterol levels
than pigs fed soybean oil. No significant differences in
plasma cholestertﬂ.wereobserved bétweeﬁ male or female

pig§ at any time during the experimental period.
Y% )

3. Blood Sampling and Collection Study: The cholesterol

cdncentrations of plasma or serum coliected and sampled by .
different methods are shown in Table‘l3. No significant
differences Qere noted ih any of the samples. iThe effect

vof anticoagulants (&), SQrum, or plasma collected with either
heparin or EDTA as anticoagulants, gave very similar |
chdlesterol values. ‘These results were in égreement with
Chen et gi (1976) who reported that it was generélly agreed
~that EDTA plasma or serum gave cbmparable results. There
appea;ed to be .no difference in the cholesterql level of
plasma taken from the top and bottom' layers of ﬁhélsaﬁplé
(B); .Cholesterol determinationslwrre also similar in
arterial or venous blood fromithe same pig (C). These
results suggesﬁithat the methods of blood sampling and . ;

collection used in this study are unlikely to significantlYﬁv

influence the values of cholesterol determined. -
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Summary

Thirty“crossbred pigs, welghing approximately 24 kg )
were fed grower diets either contaihing either 10% tallow |
(T), 15% tallow (T), 15% rapeseed oil (RSO), or 1%
cholesterdl (CH) . Tﬁe experiment was conducted for 20
days. Overall pig performaacé as well as plasma
cholesterol levels on days 0, 5, 10, and 20 were measured.
Elood sampling>andlcollection techniques were also tested.
The results indicated: . ' «
1. The inclusion of 15% tallow or rapeseed oil
significantly affécted the ievel of‘plasma cholesterol,
with the largest increases over 20 days observed with pigs
fed 15%T. The increase in plasma cholesterol obtalned with
10%T was about half that observed with’ feedlng 15%T.
%\ : 2. The effect of feeding 1%CH on plasma choleSterol
levels was not significantly different from control pigs, |
with values observed equivalent to those of pigs féd 10%T.
3. As expécted the addition of‘talléw or rapeseed
oil to the diets reduced . , and improved ADG and- EFC. |
T 4. Blood sampling and collectlon technlques did

not SLgnlflcantly influence the values of cholesterol

determined. 5
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EXPERIMENT 4

1. Objectivesf

a. The primary objecti&é of this experiment was to
determine the effects of dietary propionic acid on blood .
cholesterol levels in hyperéholesteroiemic growing pigs.

b. A second objective was to determine the effects of
a 12 hour starvétion period on blood cholesterol values.

<

2. Experimental Procedures

a. Anima@ﬁ, diets, and blood collection: Ninety:
pigs of an avérage initial weight of 13 kg (range 13.6 té
22.7 kg) were allotted to 36 peng wiﬁh a_maximum of three
pigs to a-pen. The pigs were fed a 15% tallow (f) grower
diet (TabiéﬁA) for é peribd of Y0 days. Peﬁ size was 0.6n1g
1.2m with half-slatted concrete %}oorsw

‘Plasma samples were collected 'from each of the 95
piés a; 8:30 A.M. on the tenth day of the feeding perioa..qa
Plasma cholesterol was aetermined yithin 24 hours of the "
conclusion of the trial.‘

7 On the basis of the plasma cholesterol concentra-
tions pigs were categorized as being of high (120 - 150 mg/100ml)
moderate (100 - 120mg/100ml) or low (less than 100 mg/100-ml)
cholesterol levélé. Twenty-seven pigs from the 120 to

lSOmg/looml cholesteroi group were randomly allotted to |

.V
it
)
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g TABLE 14

FORMULATION AND COMPOSITION OF DIETS

EXPERIMENT 4

-

DIETS c S15%T . 15%T + 5%PA

Ingredients '(percent)'

Barley ‘ 66.0 44.9 40.0
Wheat ; ' 17.3 11.3 9.6
Soybean meal (48.5 percent) L13.2 "l.o 26.2
Stabilized tallow - 15.0 1.0
Propionic acid! : e - 5.0
Iodized salt 0.5 0.6 0.6
Ground limestone 1.0 T2 1.2
Dicalcium phosphate 1.0 1.2 1.2
Vitamin-mineral premix? 1 1.2 1.2
Composition (calculated)

Crude protein (percent) ©16.3 18.4 18.4
Digestible energy. (Kcal/kg) 3212 4014 4111
Calcium (percent) _ 0.72 0.87 0.87
Phosphorous (percent) - - 0.56 0.58 0.56
Composition (analyzed)

Crude protein (percent) 16.0 S17.1 18.1
Crude fat (percent) - 1.85 “15.36 16.74
Gross energy (Kcal/kg) v 3830 - 4612 4760
Dry matter (percent) 88.2 91.1 89.1

Ash (percent) : 4.5 5.6 ‘ 5.9

1 Célaﬂese Canada Ltd. (for composition see Table 3).

2 The premix provided the following per killigram of diet: 120.0 mg
Zinc; 10.0 mg Copper; 49.0 mg Manganese; 100.0 mg Iron; 45 IU Vitamin
E; 7500 IU Vitamin A; 700 IU Vitamin D3; 12 mg Riboflavin; 45 mg
Niacin; 27 mg Calcium Pantothenate, 28 mcg Vitamin B2 500 mg
Furizolidone
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the three dietary treatments shown in Table 14. Each
treatment group consisted of 3 pens (O.6><l.2jn) of‘3
éigs per pen. One treatment group 'was maintained on the
15% tallow (T) diet, whereas the other two tr. . :nts groups
received either a control (C) diet or a 15% IR RN plus 5%
propionic a;id (T;+PA) supplemented diet. .nimals were fed
these diets for a period of 20 days. Plasma samples for |
'dholesterol determinations.wére collected from eaéh pigvon
the morning of days 0, 5, 10 and 20 while animals were
maintained on these three diets.

To determine what effect tétal lipid levels in

-

n;iplqsma may have on the values obtained for cholesterol in
'ﬁgﬁdetepmiﬁations of plasma fotél cholesterdl, plasma sémples
’from 12 pigé (4 per‘treatmept) were randomly .selected on
both Day 0 and Day 20.  An estimatioh'of total lipids
present in the plasma and its' relationship to total

plasma cholesterol was deterﬁined.

'After tbe initial characterizaﬁiéh of pigs into
high, moderate or low cﬁoleséerol groups, two pens of 3 pigs
from ea@h category of the remaining 95 pre-test pigs were
‘starVed for 12 hoﬁrs and then bled. ’Plasma cholesterbl

A

concentrations of initial and 12 hours starved animals were

compared.
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Results and Discussion

]

1. Blood Studies: The results of the'average'plasma

chglesterol concentrations of the pigs fed control (C),
15% tallow (T), 15% téllow plus 5% ropionic acid (T-ka);
diets are shown in Table 15. -

All 27 pigs allotted to the three diets were
pigs with the highest cholesterol levels (hypercholesteroiemic
pigs).selecged ffom 95 pigs‘which had previoﬁsly been\fed |
a 15%T diet for 10 days. At the time of allottment to
their respective diets there were no significanthdifferenées
in the mean plasma cholesterol levels of the three treatment
groups. Five and*"ten days after the pigs &ere put‘on“tést
the C pigs,had significantly lower plasmqacholesierol levels
(92n@/100m1) than éither the 15%T or the T+ PA fed pigs.
No significant differe;ces were observed between ‘the n

treatments on Day 20, though the plasma ¢ ssterol level

of the 15%T diet was 26 mg/l00ml greater than that of the

|

control pigs. - &
~In viewing the overall effect, from"Déy 0 to 20,
C fed pigs decreased their cholesterol levels by 22mg/100ml,
T fed pigs increased by 6mg/100ml and T+ PA fedfgigs
showed no change,‘ The cﬁange from a\iS%T‘digt‘on Say 0
to the C diet reduced plasma cholesterol:levels within 5
days from 129mg fo 92 mg/100 ml. Whether this‘reduétion
in plasma cholesterol reflects the reduction in the fat

content of the diet or a reduced feed intake is not clear.
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™ :
The inclusion of 5% propionic acid with 15% tallow

in the diet’resulted in a slight decrease in plasma
cholesterol‘levels, but values obtained‘were not .signifi-
cantly lower than_&hose obtained with pigs fed the 15%T

Met. The tr%gds ln plasma cholesterol values of piés fed
thelpropigaaséacid diet “in this experiment were similar

to those . ;ed in Experiment 1. ' Using hypercholesterolemlc

1)
type pigs at the onset of the trial resulted in a reduction

in plas cholesterol in pigs fed the C diet, but not with

4

W

e

€xperiment £ ' T

'egfeet total'plaém% lipid val&egi

“a

the other two diets. The lack ‘of Treduction of'plasma

cholesterol levels from feedlng the@g-+PA dlet may be a
40

résult of uSJng hypercholesterolemlo ty%e plgs 1n the

X

f\)
B
e

" 2. Relationship of Plasma.Cholésterol and ﬁlasmafLipid

‘Content:" The plasma samples f;om 12_pigs (4 ber treat-

ment were randomly selected fromﬁplasma samples from both

&
Day 0 and 20 of the above experlm t to determlne ‘what -

A

may have on the values ..

gbtalned for cholesterol in determlnatlons ofkplaSma total

-

cholesterol The total plasma cholesteroI and’estimated'

»

total plasma llpld from the 24 palrs of observatlons are

. shown in Table 16 ‘ A.s;mple regression of plasma cholesterol

N

_on/total lipid gaVe a value of "b.= 0.104 t 0.033. The

square of the multlple correlation coeff1c1ent (r2 ) egualled

-0.32 whlch indicated that only 32% of the vérlatlon in

values of lipid and cholesterql was aCCOUnted for by the

| 3



Animal Diet?
1 1
2 1
3 1-°
4 1
5 2
"6 2
7 2 w7
. 8 "2
.9 3
10 ;; 3
11 e 3
f120 v, 3

tRELA IONSH

—————————e

TABLE 16

IP OF TOTAL CHOLESTEROL AND
=22 2R0L AND

TOTAL LIPID IN PLASMA .
- e ——

DAY :

TREATMENY ; !

:
'
~

N

i
o .
w
&

L mg/100m:

7o

2 1fc6ncrol,A2flsz Tallow,3-15% Tal

;
&

-

0 0 20
TOTAL TOTAL TOTAL
CHOLESTEROL LIPID CHOLESTERGE

v 122 © - 201.8 120
132" 214.8 110
148 271.9 102
129; 2384 94

130y dﬁyzisws 148
1 8 b @éﬁ 129
130. - 2¢%.1 , 124
114 172.3 126
120 227.0%" 115
122 . 232.6 142
14 W 206.6 ' 138
- 122 " 199.3 % 124 :
o R A &
Py
. - ¥
"'Propionic:Acid

- 223,

‘154,

72.

20

TOTAL
LIPID

279.

104,

475.
365.

HU0owoo~

21747

f20340

175.
199.
200.
193.

meKJm
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, total lip® estimated in the plasma

K

.some’ experlments with swine has shown variability with

73.

relationship between plasma lipid and cholesterol. Regressﬁon
analyses showed that the cholesterol values obtainedJWere |
not significantly dlfferent bttween anlmals tested from

start to fi ish of the 20 day experlment The level of the

';amples appear to have
w&w M

little tionship to valuesdob.:«?

L

3. Starvation Study: The effects of 12 hours starvation

on;plaSma,cholesterol concentrations are shown in Table 17.
Analysis og)variance showed no significant

differences'in the plasma cholesterol levels of the same

pigs when blood samples were taken while plgs were ad llb

fed or immediately after a 12 hOur stiiyatlon period. The .

0
~

overall means for the 18 plqs before and after starvatiodﬁ
were 111 mg and 110 mg per lOO ml respectlvely The tlme

‘of- blood collectlon for cholesterol analy51s reported 1n
»+

~

. - . ; . . v . . .
collections made bdth after a period of,fast;ng (Cox and

Hale;- 1960; Hutagalung et ai, 1969; Calvert and Scott; 1974)
and'duning~feeding (Brooks et al, 1972- Hill and Silbern%ck,

rJ75 Aherne éf al 1976)' Jew studleg have tested the ’

4

- effects of fastlng on cholesterol levels. Experlments by

R .

Gree ? et. _55 (1966) demonstrated that serum choles;erol of

sw1né 1ncreased in a linear manner for 2 4 ‘and 6 hours
after feedlng However, Chen et al (1976) reported that .

plasma cholesterol Levels are not 1nfluenced 51gn1f1cantly

oo
RETE 44

=

S
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TABLE 17
EFFECT OF STARVATION ON TOTAL PLASMA
CHOLESTEROL CONCENTRATIONS !
* 12 HOURS
TREAT. /NT INITIAL®? , STARVATION?
Animal 1 138 = . 138
2 124 120
3 94 . 79
y 4 - 95 94
s . 148 149
6 v 94 98
7 108 107
8 120 : 121
9 76 L B 94 B
10 a 118 124 :
11 129 , ‘ 120
g 12 : k6 . 139
PR 13 | 94 94
T b 14 7% Ti20 , 98 | 5
et .15 d’g‘y.g B « 111 L e W
®. w16 4 - 108 e *
, . 17 2N N 100 - ¢ g
18 - . : 96 R 94
Overall ‘Mean ™ ‘ 110.9 ' 110.4
S.E.M. 1.38 E
' Significance . NS ‘ X
1 - ‘ o A
Each value represents a mean of dupllcate samp?.es for each animal. °,

2 Total plasma cholesterol (mg?lOOml)

~. H i
.
.o
~
-
-
-
S e : : O RN
- I i > . AR - )
L
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by recent intakes of fat and. therefore fasting before

collection of blood samples is not necessary. These results

dre in agreement with those of the present study.

-
<%

Summary ' ‘

Twenty—seven'crossbred‘pigs, weighi@g approxi-
mately 20 kg and previously fed a 15% tallow diet were
and a 15% tallow plus 5% pro&&onlc acid (T-FPA) - The plgs
selected were ?%ose w1th the hlghest plas§a cholesterol

values. Plasma cholesterol levels were determlned on days

0, 5, lOlapd 2Q‘oflt 20 day experlmant. Total plasma -

‘ ‘ f:ined'from 12 pigs selected‘from
Days 0 and 2b of thefe;petimen';; iﬁ'addition 18 pigs from
the ihitialfpopalation of 95°nigs Qere also selected to

determine the effects of 12 hours starvation on plasma

cholesterol levels. The results of this é&perimept

.

N

demonstrated: - '
Jemonstrates Yy

2 1. The 1nclu51on of 5% prcﬁ&onlc acid did not
greatly reduce the plasma cholesterol levels of hxger— 5

. cholesterolemlc type plgs fed a lS%T diet. The change frdm

a lS%T to a- C diet reduced cholesteLOl levels w1th1n 5 days.

v J;2.’ The relatlonshlp of plasma cholesterol to

plasmg flplds accounted for Q@iy 32% of the variation

encountered in the results A 51mple regression- on total:

lipid to cholesterol gave & value of b = .104.
. " e

P

o

allotted to three grower diets - cohtrol (C), 15% tallow (T),;

LB



3. No effects on cholesterol levels between

fasted and non-fasted pigs were observed.

KR

ks

76.
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EXPERIMENT 5
. “":. "‘\
8
N

1. Objectives: The objective of Experiment 5 was to

determine the net rates of hepatic cholesterol synthesis
by measuring the level of 7—@ehydrocﬂ8&65terol in blood
of pigs dosed with a cholesterol inhibitor and fed diets

with and without the inclusion of propionic acid.

2. Experimental Procedures
N v

a. Animals, diets, and blood gpllection: Fifteen

male castrated‘pigs from three'li!ters of 3 to 4 weeks of

age were fed the lS%ﬁf%ilOW (T) starter diet shown in

A

5
Table 18. Protein c®

o . o
t¥of the diets containing 15%

s 2N
15% to adjust for reduced feed

tallow were increased b&

intéke.\;Pigs;wefe.allotted to individual pens (0r7n1x1Q2rM

‘with partially slétted concret# floors. Pigs were allowed .

, $
free . access to feed and water. After a 4 day adjustment

period the 12 heaviest pigs were bled by anterior vena cava
puncture and plasma was‘collegtedﬁéﬁ’previously described

(Experiﬁent l).' Plasma sampies'weréfqp51YZed for total

L=

’chdlebté}o%ﬁépd thgveight pigs with.the Righest plasma

i . . . . . , .. i
cholesterol values were selected and randomly allotted on

‘the following éay,to-eithér a 15% tallow (T) or a 15%

tallow plus 5% propionic ACid (E-FPA) starter diet. The

four remaining pigs were allotted to a centrol (C) starter

diet. The formulation and composition of these diets are

= .
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TABLE 18

FORMULATION AND COMPOSITION OF DIETS

EXBERIMENT 5

Yy o

DIETS ) c 15%T 15%T + 5%PA
Ingredients (percent) : : ‘v@@
Wheat 25.0  19.0 - 14.0.
Barley : 25.0 15.0 14.0
Oat groats _ . 25.0  20.0 19.0
Soybean meal (48.5 percent) 18.0 27.0 29.0
Stabilized tallow K ' 3.0 15.0 15.0
Propionic acid! . . - - 5.0
Iodized salt b " 0.5 - 0.5 0.5
Calcium phosphate 1.5 1.5 1.5
Calcium carbinate . 1.0 1.0 1.0
Vitamin-mineral prer_nix2 1.0 1.0 1.0
Composition (calculated). . _ s
Crude protein (percent) 19.1 20.7 20.7 i
Digestible energy (Kcal/kg) 3568 4191 4271
Calcium (percent) ' . 0.75 0.77 0.77
Phosphorous (percent) 0.72 0.70 .68 ;
. , B i
!
1 Ceianese Caﬁada Liypited, Edmontbﬁ (fér compoggtion see Tab. ?) ‘ J7 .;

2 The premix provided the following per killigram™of diet: ‘ ;
120.0 mg Zinc; 10.0 mg Copper; 48.0 g Manganese; 100.0 mg ’
Iron; 45 1U Vitamin E; 7500 IU Vitamin A; 700 IU Vitamin Ds3;
12 mg Riboflavin; 45 mg Niacin; 27 mg Calcium‘Pantothenate;
28 mcg Vitamin Byp; 150 mg Mecadox. : SN

¢
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!

shown in Table 183 Pigs‘were allowed fﬁéd and water ad‘libitum
f%f a’ perlod of 7 days - Animal welghgéaﬁd feed consumption
wggaords were malntalnod The pigs were bled on the morning
(9:00 - 9:30 A.M.) of day 5, 6 and 7 of 'the experimental
period. Plasma‘7—dehydrocholesterol concentrations were
measured for all samples (s&e Methods of Chemical Analysis).
Also plasma samples from day 5, 6 dnd 7 were analyzed for
t®tal cholesterol and plasma samples for day 7 were analyzed.n
for calc1um, phosphorus, glucose, blood urea nitrogen (B.U.N.),
uric acid, total protein, albuﬁin, bilirubin, aikaline | ‘
phosphatase, latate dehydrogenase (L.D.H.) and serum glutamic
oxaloaoetic transaminase‘(é.G.O.T.) by_a commercial laboratory“

using a Technicon SMA 12/60 @utoanalygs .

ol o

L b.. Dosing with AY- 99é§¥ fimmedlately after bleedlng on
] \; t; R
day 5 (9:30 - 10:00 A.M.) the eight anlmals fed the tallow

L g

and tallow plus propionic acid diets were dosed with a solution

of AY-9944° (467L9 mg dissolved in 60 ml of 0.9% saline)

at a dose rate of approximately 19.5u‘moles per kg live weight}
Pigs were, dosed us1ng a- stomach tube é;olyv1pyl*chloride o
tublng, 0.5 0.D. x 45 cm) fitted with a three way valve with

two 12-ml syringeg attached. The SeCOpd syringe contalned

A

5 to 6 ml 0.9% saline inAorder to facilftate washing of. the

N : . o - o _ 3

N

L ) oJ— )
“ Dr. S. Hanson and Asgpciates, Medlcal Laboratory, Edmonton, Alberta

> Technicon Instruments Corporation, Tarrytown New,¥ork

3 AY-9944 (trans 1,4-b¥s (2-chlorobenzylaminomethyl cyclohexane
dlhydrochlorlde), M W. 464.3, Ayerst Laboratories, Montreal,
Quebec .
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‘was used. ThlS procedure reduces the degrees of freedom '

BN g — y--Jw*W-"v:\Wy*"""vﬁ"w T e ~ PR

“
.
4

. i .
| PR .

Jﬂtdmacnftube free of ‘any remaining AY-9944 solution. The -

“four remaining animals on the control diets were dosed with

a second stomach tube in a similar manner but only 10 ml
0.9% saline was given. On day 7, immediately after blood

samples were taken, animals which had received the AY-9944

(were killed and incinerated.

Results and Discussion

W

1.  Pig Performance: The mean values for &DG, ADF and EFC -

for each dietary treatment over the 7 dayrggriod are shown

in Table 19, The pigs performed as expected and resq‘ts
i e
were 31m11ar to those obser&%% in Experlmen&-$.‘ L img L
T o P '-w‘&’, '
Ly : * *1..{“.'

2. Plasma 7—DehydrochoieSterol Studies: The effects of

dletary treatment on the mean plasma 7- dehydrocholesterol .

levels for the three time perlods measured are s] ik

1

Table 19. The data were analyzed using a??lYSlS of variance.

Since the determined level of 7-dehydrocholesterol was zero

I

for pigs fed the C diet at all three s‘ ing»periods and also
at 0 hours for all treatment group\l there was np measure of
statlstlcal varlatlon. Therefore,,ln order to handle the '

unequal varlances Box s procedure as outlined by Glll (l970)

thereby requlrlng a larger F-value.

‘The lack“of any detectable level of plasma 743

ndehydrocholesterol in animais which had not received the

compound AY-9944 was consistent with values reported by .

-
?
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Horteon et al (1971) who reported that 7—dehydrocholesterol
“could not be detected in‘thelblood of rats that had not
received the inhibitor AY—9944. 'Twenty-four hours after a
single oral dose of AY~9944 23.4 mg of 7~ dehydrocholesterol
. ber 100 ml plasma was detected 1in the plasma of plgs fed
15%T dlets alone, which. was approx1mately 58% hlgher than
the level of 7- dehydrocholﬁiterol (14.8 mg/100 ml) in the
plasma of plgs fed the T + pa dlets After 48 hours the
S dlfference 1% plasma cholesterol levels between the two dlets ’
‘-was less, with pigs fed T dlets hav1ng levels 12% hlgher than
'g&%s fed T-kPA diets. The levels of 7- dehydrogholesterol
were very hlghly significantly dlfferent (P <0.001) between
treatments_at 24 and 48 ‘hours. - .

¥%he amount of 7 dehydrocholesterol in tha blood

after trea ment w1th AY 99445;0 representatlve of the

e’\} M -

cholesterol whlch would have been synthes1zed by the liver

durlng the -same time period had the 1nh1b1tor not been present.'

g (Horton et al, l97l Dvornik et al, 1965) Therefore thesef

-Tesults suggest that the rates of cholesterol synthesig #

ot ’,‘ “

’bccurrlng in anlmals fed dletary proplonlc acid 1s 51gn1f1—

cantly lower than in anlmals fed tallow dlets w1thout propionic’

‘acid. These results suggest that propionic acid does have an
1nh1b1tory or competltlve effect 'in the blochemlcal pathways

of cholesterol formatlon _“Dj - — T

-~

'»3. Plasma: Tdtal Cholesterol and- Proflle Studles- - The effects

of dietary treatment and d051ng with AY- 99?4 on the mean

plasma total cholesterol and plasma. constltuents are shown in

.Table 20.
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Due to inadqquqte sample size the values for plasma
total cholesterol for 0 hours and the 24 hours T + PA were,
gbtaincd from one determination of pooied plasma. These
valucs wore khercforo not included in the statistical analysis.
However .a crude 1lsd test may be made using the pooled SEM (5.6)

estimated from the 24 and 48 hours plasma combinations having

L]
.

four obsecrvations. The ‘required 1lsd values T(/?T)(2.13)(5.6) =
‘16.9] suggests +}' ¢ were no significant -differences at 0
hours bethen any of the treatments and that for 24 hours
after doéing the T + PA values would differ from the C but not ;
from the 7T treatment.Qalues. Fortyteight hours after a

single oral dése of AY-9944 plasma cholesterol concentrations
were significantly lower in dosed than non-dosed pigs. Thé&
decrease in plasma cholesterol concentration after dosing with
AY-9944 is consistent with feports in rats (Dvornik et al,
1963) . However the levels of plasma cholesterol in pigs
recei&ing AY-9944 did no£ appear to reflect the rates of
sypnthesis as shown py the amount of  7-dehydrocholcsterol
present in the plasma after dosing with the inhibitor. Pigs

e ,

fed T+ PA diets had higher mean plasma cholesterol levels

than pigs fed T diets at boﬁh 24 and- 48 hours put these values
were not signifiéant&?faifferent.

Analyses of plasma constituents shqwéd that for
alkaline phosphatase pigs receiving .ae AY—9944ﬁﬁad signifi-
cantly lower conceﬁtrations than\C fed nonQdosed pigs. Total
proteinr qnéentrations were significantly higher in T fed

dosed ;. . and C fed non-dosed pigs only. ©No significant

differences between treatments were observed for any of the

other plasma constituents measured.
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Summary

A}

Twelve crosskred pigs, five weeks of age, were
allotted to three starter diets - control (C), 15% tallow
(1, 15% tallowéplus 5% propionic acid (T + PA). Pigs fed

T and T+ PA diets were given a single oral dose of\f

cholesterol inhibitor AY-9944 Levels of plasma 7-dehydro-
cholesterol were determi J-at ) 24 and 48 hours after dosing.
Pig performance was alsc over a 7 day period. The

results indicated:
1. Propionic acid in the diet of pigs appears to

have an effect on the rates of cholesterol synthesis in

N the liver. Significant differences in thq?levél of plasma
T 7-dehydrocholesterol were observed in animals dosed - ot
" dosed with AY-9944 at both 24 and 48 hours.
2. No detectable levél of plasma 7-dehydro-
"holesterol was observed in pigs not receiving the ~ompound,
AY-2944 . . d
3. Plasma choleéterol levels Qere iower in pigs .
feceiving AY-9944. . | B
“f“j 4. Pig performance wés as expected and.similérvto
~previous experiments. ' ) -
R



GENERAL DISCUSSTON

A series of five experiments involving 237
pigs were undertaken éo determine the effects, on blood
and tissue cholesterol levels and pe: foermance, of including
propionic acid with or witho;t adde? fats, in diets of
pigs. It was observed, .in aqreement with the data reported
by thg Agricultural Resecarch Council (1967), that the
addition’ of 10 or 15% tallow or 15% rapeseed o0il to the
diets resulted iﬁ é'significant decrease inr average daily
feed intdkes, an'improved average daily gain, and a 4
significant increase in feed chVersionbefficiency.

The results from the experiments demongtrated
that feeding diets containing tallow generally resulted in
increased plasma cholesterol levels but the increases were
not always consistent with time or from experiment to
experiment. °Increasing)the level of tallow in the diet
from 10% t6:15% (Experiment 3) increased plasma cholesterol
levels but not significant#y so. It is interesting to note
that the addition of 15% rapeseed c:l to the diet resulted
in an inCreasea plésma cholestgrol equivalent to that of
animals fed diets containing 15% tallow. This is in
contrast to thé general belief that unsatufated fats tend

to produce lower cholesterol levels than saturated fats

(Kritchevsky et al, 1956).

It is generally accepted that blood cholesterol: \

concentrations in humans increase wit age, with males

86.



87.
havine hijher levels than females. +«We did not ~bserve
thes. .Zfects in.any of the experiments performed with pigs.
Our r<:ul's are also in contrast to those of Tumbleson and

Hutche:on 71976) who reported that female pigs had higher
cholester 1 lovels than males. The lack of differences

ht

between m. -5 and females 1in our study-cbuld,‘in part, be
explained L - f.c. that all the males used Qere castrated.
This idea 1o s. yrted v the results of Cox and Hale (1960)
who cbserved tha% castration in pigs contributed to hyper-
cholesterolemia. |

Propionic acid ?ﬁ diets with or without added
tallow tended to reduce plasma cholesterol levels. It
is important to observe that in Experiment 1 the reductioﬂ
obtained in plasma cholesterol levels was greater in diets
where tullow was not added. The/fatio_of propionyl-CoA
unita to acetyl-CoA units»gyeseQE‘in the blood may be an
important factor in determining the degree of inhibition
of the‘enzyme beta—hydroxyméth§iglutaryl—CoA syﬁthase.
Thig effect can_be'vieq&d in the same manner as the classical
exémple of competitive inhibition of sﬁccinate dehYdrogenaSe
by malonate and‘other dicarboxylic aciés’(Léhniger, 1970) .
In tﬁis réaction malonate and succinaEs present in the
fatio of 1:50 inhibits sucdin@;e’dehydroéenase‘activity by
50% regardless of»théir abéoluterconcentrations. The |
increased preseﬁce of acetyl units made available from high
tallow feeding -ould alter the ratio of acetyl:propionyl

Ve

X . ) .
units,therebz/ggfentially reducing the effectiveness of the

inhibiticn mechanism. Propionic acid added alone to control

oo 7
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alets (Experiment 1) cxhibited the‘largost dec-cases in
piasma cholesterol ievels whereas as p;opionic acid added
/t6’i5% tallowldiots did not have mucn effect.

R According to the w~r1d'Health brganization Report

. ' s

(1974), in mén, the liver<caq deal wi?h 4.5 é ofvfrge acid
per hoﬁr. Considering the overall perfdrmance data from
Experiment” 1, and assuming complete absorption of propionic
acid, pigs fed 5% propionic acid diets and 10% tallow plus
5% propiohicAacid diets were making available on the average
4.8 g and 4.2 g of free aéid to the liver per hour respec-

v,

tively. - Since the liver in man can deal with 4.5 g of free

acid per hour it is interesting to speculate whether the

levels in Experiment 1 were hidh enough

required amount of propionyl-CoA needef
purposes. It would have béen interes Fto examine whether
or not feeding higher levels.of propionif acid might improve
the ratios of acetyl—CoA&Fropionyl—CoA. Higher levelé of
available propionyl-CoA units could theréby improve the
-amount of inhibition»obta;ned, especially so, in diets
without addea fat. | | ‘ 7 | s
Tissue cholésterol levels were genérally.nof
affected by the addition of tallow or propionic acid to
the diet. Only kidney tissue values reflected the-antici-
pated increases with tall9w feeding and decreases with
vropionic acid feeding. Overall plésma and tissue choleéterol
levels did not'refleét inéreased rates of synthesis on high

fat diets. Measurements of cholesterol =:-retion patterns_

-may have given some further insight as to what was happening

¢ w2
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to the cholesterol obtained from the increased rates of
synthesis. In additioh, excretion patterns of chol: stcrol
may also have been altered by propionic acid feeding to
compensate for reduced ra£es'gf\synthesis. Accofding;to
Marsh nggl.(l972) total body ‘holesterol is maintained at
constant leyels wheﬁ the cqunierbalancing mechanisms of
absorption, excretion (via the intestinal mucosa and bile)
and synthesis are in harmony. They suggested that any R
deviation will eventualiy result in énlexpansion or reduction
in tissue pools of cholestérol. As a result rates of
.synthesis of cholesterol may have been reflécted in changes
in excretion patterns. .
Studies in ﬁén by<Quintao et al (l97l)vshowed
Ehat there was no close relaﬁionship between changes in
the tissue lévels'énd blood plasma levelé‘of cholesterol.
Blood plasma may theréfore be not a good indicator of
changing cholesterol pool size and changing rates 6f
synthégis. The results obtained in Experiment- 5, where
“inhibition of cholesterol was acquired with AY-9944,
substan?iate that blood levels may not be indicative of the
amount of synthesis that is occurring. The.different -
observed concentrations of plasma 7—dehydroch61§sterol in
pigs fed tallow compared to pigS'fed talidw plus propiénic
"diets suggested ﬁhat propionic acid does have én effect on
thevrates of cholesterol synthesis and may not be reflected
in plasma lebels of cholesterol. This effect could héve
contributed to the results previoﬁsly observed with propionic

5

acid feeding in Expefiments 1 and 4.
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Therc’is very-little influenée of dietary cﬂolos—
terol intake on plasma'cholest;rol levels in swine.
Cholesterol intakes uhder normal dietary conditions are
al&ost hegligiblc adcoraing to Marsh et al (1972) who
reported that only 4.7 of the cholesterol %ed per day to
pigs on a low ;at di'et was absorbed. A more aetailcd study
of t: total body cholesterol pool should Be aﬁtemptéd

before one can fully evaluate the effectiveness of

propionic acid in reducing rates of cholesterol'synthesis.

R
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APPENDIX A

DETERMINATION OF TOTAL CHOLESTEROL IN BILE

Reagents: /

v Heoxance (distilled)
Concentrated HC1 \
Isopropanol (reagent grade) q*

Procedure: .
, 1. Pipet 0.9 ml bile into 13 %100 mm teflon screw-
cap culture tubes. :
2. Add 1 ml hexane.
3. Add 3 ml distilled water. Mix.
4. Add 2 drops concentrated HC1l. Mix.
5. Centrifuge for 5 minutes at 2000 rpm.
6. Transfér 0.5 ml aliquotlof the hexane'layer into a
20 x 150 mm teflon screw-cap culture tube.
7. Add 9.5 ml isopropanol. Mix. Let stand for 10
minutes and centrifuge for 5 minutes at 1000 rpm.
8. Using a pasteur pipet transfer approximately 2 ml

of the supernatant to autoanalyzer cups for analysis.

TN
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APPENDIX B dmj//
ESTIMATION OF TOTAL LIPIDS }y, OOD .PLASMA’

/

Reagents:
45% Potassium Hydroxide (KOH)
Distilled: Methanol (MeOH) ; N-pentane; H20
HCl (concentrated) . ) ,
Standard Cj7COOH Heptadecanoic Acid) (0.124 mg/ml
methanol) .
.Methylation reagent % BF3, 20% Pentane, 45%
methanol) .
Procedure:
1. 2 ml of plasma was pipettéd into 20x 150 mm teflon -

7.

Screw-cap. culture tubes. 10 ml of MeOH and 2 ml KOH
was added and the solution mixed. The tubes were
capped and boiled in a water bath for 30 minutes.

Allow to cool. .

Add 5 ml standard C17COOH. Mix.

p .
Mix in 2 ml concentrate HCLl or until acidic. Shake
and allow phases to separate. Remove upper phase to
2 new tube. , »e

Evaporate to dryness under N2.

Add 10 ml methylation reagent. Heat. gently on a steam
bath for approximately 15 minutes. Allow to cool.

Add 15 ml distilled water. Mix and let phase. separate.
Remove upper phase.- Re-extract with a few mls of

pentane.

‘Concentrate under Nz for gas chrdmatography.

Weight C,_COOH

17 v .= weight of total lipid

Area C,,COCH " * Area . o

8]

The conditions that prevailed during gas chromatography

were

Column (1) glass - Pyrex - 360 cmx 5 mm

(2) packed with 10% 5CP. Chromosorb 80/100.
(3) tempgrature: 215°C : ‘

' 102. 0
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Inlet and flame detector temperature = 250°C-?290°C.
Nitrogen and hydrogen flow rates were 15 ml/minute and
10 ml/minute respectively.

Air flow rate was 15 ml/minute.




APPENDIX C

DETERMINATION OF FATTY ACID PATTERNS IN

TALLOW OR OIL

Reagents:
Distilled: pentane, water, benzene
2:1 Chloroform: Methanol (CHC13:MeOH) )
Methylation reagent (35% BF3, 20% pentane, 45%
methanol) , ‘
Proéedure:

1. Add 0.5-1.0 g fat or 0.5-1.0 ml o0il to teflon
capped tube. Extract with approximately 30 ml
CHCly:MeOH mixture (2:1). '

2. Evaporate to dryness under N7 in a water bath
(initial temperature less than 50 ). -

3. Add approximately 10 - 15 ml methylation reagent.
(35% BF3 solution (10% BF3 in MeOH), 20% n-pentane
and 45% methanol). =~ :

4. Close cap and heat in-boiling water bath for 40 - 60
minutes. Shake occasionally. ' .

5. Cool tube to room tempefature, open and carefully
add approximately 5 ml distilled H20 and 10 ml
pentane. Shake briefly. : : .

6. Remove pentane (upper layer) withAa pasteur pipegte
and store under Ny in glass vials with teflon lined:

7. Purify the methyl esters by TLC. Develop the plate
in benzene to the top (approximately 1 1/2 hours) .
Identify methyl esters under short wave UV light. ’
Scrape the methyl ‘esters and extract with CHC13:MeOH
(2:1). Evaporate under N2 in glass .vials with teflon
lined caps. C

‘8.  Dissolve‘in‘small amount of pentane and run on GC.
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Fatty Acid Composition of Tallow and

Rapeseed 0il Samples

_ The results"of the fatty acid patterns of one
rabeseed éil (fTower') and two stabilized tallow samples |
are shown in Table 21. The\pe;centage comppsition by
weight of the individual fatty‘acids in the 'Tower' rapeseed
0il sample are in agreement wiﬁh resu%ts of Aherne éE gi
(1576) and Slinger (1977).. The values obtained«for the
two tallow samples wefe consisteﬁt with values c;'beef
fat presented by Mayes (1973). . The degree’of saturation

and unsaturation of the -nimal and vegetable fats used in

the experiments in this study were consistent in

§

~composition with similar fats or oils used. .
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Y TABLE 21

FATTY ACID PATTERNS OF TALLOW AND RAPESEED OII, IN

PERCENTAGE BY WEIGHT OF FATTY ACIDS

w

"TALLOW ~ TALLOW  RAPESEED OIL
A B ' TOWER'
Fatty Acid
Myristic (Cl4:0)°* 1.6 2.3 0.3
Palmitic (C16:0) 222 24.1 4.8
Palmitoleic (Cl6:1) . 3.3 3.4 0.4
. H decanoic (C17:0) 1.2 1.4 -
_/;ﬁi;:ic (C18:0) 21.2 21.4 2.7
Oleic (Cl8:1) 43.2 40.0 56.2
Linoleic (Cl8§2) ' ~4.0 3.4 24.8
Linolenic (C18:3) . . 0.5 0.5 7.3
Arachidic (C20:0) ' -— - 0.6
Eicosenoic (C20:1) - ' -- 1.6
Behnic (C22:0) -- - 0.5 ~
Erucic (C22:1) , . - . - 0.3
Others - ' 2.8 3.5 0.5

A

! Numbers before and after colon represent the number of carbon

atoms and double bonds respectively.

%



APPENDIX D

DETERMINATION OF 7~DEHYDROCHOLESTEROL

Reagénts:

30% Potdssium hydroxide (KOH)
Petrole ether (b.p. 30 -60°C)
Distillefi ethano]

Concentrhted glacial acetie acid
Leiberm nn-Burchard Color Reagent

Reagent Preparation;: , .
G \

1. cColor reagent: Mix 220 ml of cold acetic anhydride
with 200 ml glacial acetic acid ' (room temperature) %

- in an _.amber glass bottle. Add 30 ml cold concentrated
- H2804 (Mixture good for g months at 4°C). '

Procedure:

l. Saponification:
a. Pipet duplicate samples of plasma into 20x 150 mm
teflon SCrew-cap tubes. Saponify for 1. hour at
room temperature with 5 ml 30%(KOH.

2. Extraction:

a. Add 2 ml ethanol. Add "8 ml petroleum ether, mix

and let phases separate. Remove upper phase to
second tube. Re-extract with another 8 ml '
petroleum ether. ° Remove upper phase.

'b.  Evaporate second tube to dryness in a water bath
(approximately 60°C) - under Ns>.

C. Dissolve the residg§§jn 0.5 ml glacial acetic acid,

d. Add 3 ml of the color“reagent . Shake and read at

A 625 nm after 2 minuted,/ : v

Standard 7—debydrocholes%erol: 106.2 mg 7—dehydrocholesterol
dissolved in 100 ml distilled ethanol.

Blank: 0.5 ml glacial acetic acid
3 ml color reagent




