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ABSTRACT

The effects of sunflower oil and lard (40 percent
of calories) on serum 1lipid patterns and cholesterol turn-

over was investigated in eight healthy young men. The 39-

day metabolic trial consisted of 1) a 10-day stabilization
periqd when a fat mix with a fatty acid composition repre-
sentative of the aVerage Canadian consumption was fed;

2) a 21-day ekpefimental pefiodthen either the lard or

sunflower oil diet was fed; and 3) a 7-day post-experimental

period when the mixed fat diet was refed. Fasting venous
bloodvsamples.wefe taken on days 4, 11, 18, 25, 32 and 39.
Serum total cholesterol decreased (P<€0.001) 56 mg/100 ml
on the sunfiower oil diet and increased (P<0.001) 26 mg/
100 ml on the lard diet. Serum free and esterified choles-
terol followed the pattern of total cholesterol as illus—.
trated by the fact that the proportion of free and
esterified cholesterol femained fairly constant within éach
‘group throughout the experiment. 'Although there were

. differences among the groups, serum cholesterol, serum

lipid phosphorus and serum triglycerides followed similar
patterns. There was little change in the fatty acid pat-

~terns of the serum phospholipids in response to dietary fat

source. Little is known of the effects of dietary fat on
the tufnover of plasma_cholesterol'in normal,'healthy men.
Thirty—two déys prior to the start of the study, each sub-
ject was infused with 50 microcuries of tritium labelled

cholesterol and the decline in radioactivity in the plasma




iv

was monitored during the study. The decrease of 3H—-choles-—
terol in the blood was twice as great on the sunflower oll
diet as on the lard diet. However, there was no change

in the slopes of the specific activity—timebcurve on the

two diets which suggests that the rate of turnover of
cholesterol differed on the two diets but synthesis and ab—‘
sorption of cholesterol remainedfconétapt. During the final
seven days of the experimentvwhen the mixed fat diet waé
fed,,the'effectslof proteih source on serum lipids_waS'in-
vestigated. Two éubjects from ‘each of the:lard and sunflower
oil treatments consumed the same identical mixed-fat diet |
of'days 1 to 10, whereas the remeining four subjects oon-
sumed the same diet except tha@»the soy protein was replaced
by lean beef Protein source was found to heve'no effect‘

on any of the serum lipid parameters measured The apprec-
~iable effects of sunflower oil and lard on serum lipid
patterns 1s consistent with the hypollpidemic effect of
polyunsaturated fatty acids and hyoerlipidemic effect of
‘saturated fatty acids although the recommendation of sub—
stituting animal fats with vegetable fats without consid-

ering the fat source is to be questioned.
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TNTRODUCTION

The relation of angina pectoris to coronary athero-
sclérosis was récognized over two cehturies ago. Mybcardial
infarction was first récognized clinically over a century'ago.
bToday, syndromes characterized by cardiéc pain are preciseiy
diagnosed and treated (Altschule, 197M).vaenerally, when a
disease is easily and satisfactorily treated, the pressure on
scientists‘to elucidate the etiology and define preventive
measures is minimal. But, when a diseése is increasing in
'frequency ~ as is the caée with coronary aﬁhéroécierosis -
and when treatment of some 6f'its manifestations:is_not satis-
factory, the pressure for a solution is persistent and heavy.

| Athérosclerosis, the léading cause of death‘in'North
America, 1s an entity'characterized by the adcﬁmulétion of
cholesterol and other fatfy sﬁbétances in the walls of the
large blood vessels (Gresham, 1972). From adolescence on-
wards, the disease is almost universally present'iﬁ our
?bOpulation; persons with extensive disease become candidates
for heart attadks and angina pectoris when the coronary arter-_
ies are involved, and for strokes wheh the cerebral arteriles
~are involved. In North America, a male under 60 has one
chance in five of developing atheroscleroﬁic ischemic heart
disease. Almost one-third ofbthe‘initiai heart attacks are
fatal within a few hours and more than 60 percent béfore the
victim receives medical attention. For the survivors the

outcome is often gloomy (Brusis, 1971).




- Clinical and epidemiological studies have indi-
cated that the causes of atherosclerosis and the clinical
events 1ead1ng up to a heart attack are multifactorial.
(Epstein, 1972). These causes include genetic, cultural
~and environmental factors. Some of the cultural and en-
vironmental factors which are known to"increase thevriSK of
coronary heart dlsease (CHD) are under the control of the
individual. These include dietary patterns (hlgh intake of
cholesterol, saturated fats and calories), sedentary 11ving
ihabits.(Paffenbarger and Hale, 1975) and cigarette smoking..
Other factors, which have been implicated but which are
less well documented, are large coffee 1ntakes (Paul 1968),
hardness of the drinking water, and emotional stress and
_tension (Schroeder, 197H). Some of the predisposing factors
are not responsive to preventive intervention; men, for ex—
ample, are more prone to CHD than pre-menopauSal women.
Diabetes mellitus, obesity and a positive family history of
 vascular disease also 1ncrease the risk of CHD (Kannel et_gl
-"1967; Epstein, 1972).

The degree to which each of these factors has con--
tributed to atherosolerosis has been confounded by maﬁy
problems. Some of the factors are iﬁterrelated; obesity csh
be due to genetic factors or to an imbalance of caloric in-
take and energy expenditure (Katz ?E_ilf 1958); both can |
cause hypercholesterolemia. The complexity of the tissue and
haemodynamical factors influencing the location snd evolution
of the atherosclerotic lesion (Altshuie, 1974a), the diffi-

culty at present to assess the presence and extent of




'atherOSclérosis in the living person and the lack of a sét~
isfactory experimental animal model for atherosclerosis
-(Gresham, 1971), although work with primates appears prom-
ising (Jones et al, 1975), have added to the problem in
‘elucidating and separating all the factors implicated in
atherosclerosis. ﬂ

All serum lipids have been implicated in athero=

sclerosis, Elevafed serum cholesterol values appeaf to he a

factor present in all forms .of CHD, hence Interest has.been

‘focused on serum cholesterol. Examination of atherosclero-

“tic fatty streaks in human thoracic aorta have shown average
choiesterol values five times those of normal aorta, and

phospholipid values 1.5 times those in adjacent normal inti-

mae (Insull and Bartsch, 1966). High faéting concentrations

of plasma triglycerides have been shown to be a significant

risk factor in atherosclerotic disease (Carlson and Boltiger,

1972) and it has been suggested that hypertriglyceridemia
may have a risk independent of associated hypercholestefol—
“"emia (Albrink, 1973). |

There have been many studies on man in which the
diet has been closely regulated. These studies have shown
that changes in the fat compoéition of the diet can bring
.about_a change in sefum lipid wvalues. Diets high in satura-
ted fats; containing high proportions of C12:0, Cl4:0 and
ClS:O‘fatty acids, have been shown tQ~e1eVate_serum choles=
terol values (Grande et al, 1972). On the other hand,
saturated fatty acids of fewer than 12 carbon atoms (Keyes

et al, 1965c) and stearic acid (Keyes et al, 1965c; Grande




'gg_él,'i970; and Losier, 1972) have been found to have little
effect on serum cholesterol values. Epidemiologlical studies
have shown that populations who consume diets low in fat,
such as those which characterize the Bantu, have little

‘ ahteroscleroﬁic heart disease. But, ﬁhese diets tend to be
unpelatable and too extreme for North Aﬁericaﬁ‘society. Sub-
stitution of vegetable oils, rich in polyunsatprated.fatty
acids and low in saturated fatty acids and chclesterol, in
ﬁlace of animal fats can essentielly achieve the same effect
on serum lipids. This approach has offered a way tc maintain
a palatable high fat.diet.b Several controiledvclinical
trials have established the quantitative effects of'satcrated
and polyunsaturated fat, as well as of dietary cholestercl on
serum cholesterol in man (Hegsted et al, 1965; Keyes et al,
1965a- Keyes et al, 1965b; and Keyes et al, 1965c).

It has been suggested that to counteract the pre-
sent incidence and mortality from CHD in North America,.the
diet must be modified to minimize elevafions of serum lipids.
HoWever;.many of the earlier studies impliceting vafious fats
were conducted with subjects who were fed forumula diets and
who were not free—living individuals consuming mixed diets.
Saturated fats are generelly regarded as‘hypercholesterdlemic
although Losier (1972) found beef tallow, a fat high in
stearic acid, to have a hypocholesterolemic effect. Thus,
more precise information on the effects of specific fats and '
fatty acids is needed. However, 1f it is accepted, in gen-
eral, that polyunsaturated fatty acilds decrease serum

cholesterol and that saturated fatty acilds increase serum




'chclesterol,‘the guestion arises as to how the? bring about-
these effectsg whether it is by increasing turnover of
choiesterol or by a mechanism of redistribution c¢f chcles-
terol between the various body tissues. The present study
was undeftakén to investigate the effects of lard, a satura-
ted fat highrin'palmitic acid, and sunfibwer oil, a polyun-
saturated fat high in linoleic acid, on cholesterol turnover
and on serum lipid levels in heélthy, free-living individuals

consuming a mixéd food diet.




REVIEW OF LITERATURE

The main features of cholesterol metabolism were
elucidated in 1933 by Schoenheimer & Breusch who concluded
that synthesis, absorption and destruction of cholesterol in
mammals were controlled by a complex system of interrelated
mechanisms in which cholesterol itself was a principal medi-
ator. However, even today the means by which the regulatory
mechanisms are integrated is poorly understood largely be-
cause adequate methodology for accurately quantitating
sterol synthesis, absorption, excretion and degradation in
the intact animal has been developed only recently. In
addition, the miscibility of cholesterol among tissues and
organs makes the dissection of control mechanisms in the
various organs difficult. Thls review will attempt to sum-
marize the current concepts of the_measurement and
regulation of cholesterol turnover.

Turnover, in the case of cholesterol, reflects the
balance between input of cholesterol from endogenous tissue
synthesis and from dietary sources, and the loss of choles-
terol which occurs in the feces in the form of bile acids
and neutral sterols. There have been several studies of
cholesterol turnover. In addition to studies on cholesterol
turnover, other studies have provided estimates of the flow
of\cholesterol among the body pools. Many of the studies
have focused on assessing serum cholesterol levels because
of the association between atherosclerosis and high serum

cholesterol values. In general, the changes 1in plasma




cholesterol are thought to reflect the changes in other body
tissues.

Studies in cholesterol turnover require consider-
able time because turnover is slow in some tissues. The
measurement of cholesterol turnover demands steady state
conditions in which there is a constant sterol intake and
stable body weight. Cholesterol is lost almos?t exclusively
in the feces. Fecal collections are problematic; total
feces must be collected and corrections must be made for
losses of neutral sterols due to bacterial degradation.
Methods which measure the turnover of radioactive cholesterol
in the plasma are more simple than chemical methods but do
not yield the amount of information that direct‘quantitation

of fecal sterols or a combination of both methods can give.

A. METHODS OF MEASURING CHOLESTEROL TURNOVER

Nestel (1970) and Grundy & Ahrens (1969a) have re-
viewed the four major techniques for measuring cholesterol
turnover in man. These include the chemical balance tech-
nique, isotopic balance methods; estimations based on analysis
of radioactive cholesterol die-away curves 1n serum1 and a
combination of these methods.

Two types of isotopic balance methods have been
used to distinguish between fecal products of endogenous and

exogenous origin. The simplest method involves a single

1. A plot which takes into account radioactive decay and
biological turnover of the labelled compound.




'intrévenous injection of labelled cholesterol and the subse-
quent measurement. of radioactivity in the plasma and fecai
steroid fractions. The labelled cholesterol is}administered
'at least 30 days prior to sampling to allow domplete.equili~
bration of'the isotope among the various body tissues.. The
second apprdach, the steady state isotopic balance method,
‘has been suggested as a méans for calculating the amount of .
cholesterol absorbed. A constant amount of labelled choles-
terol 1is ingested daily until a steady stéte is reached.
Once a steady state has been reached, cholesterol turnover:
can be calcﬁlated. |

There have been several approaches forAthe measure-

ment of cholesterol turnovér by analysis of specific activity

die-away time curves. One of the simplest techniques is the
single intravenous injection of labelled cholesterol followed

by monitoring of plasma radioactivity (Goodman and Noble,

1968). The limitation of this method is that no direct measure-

ment of choiesterol synthesis and absorption is made.
Chobanian gg_gl (1962) proposed a method for célcu-

lating the rate of total turnover of cholesterol on the basis

of the die-away time curve of radiéactive cholesterol, His

" approach réflected the turnover‘of a single pool of readily-

misqible cholesterol excluding that in nerve tissue.  This

model did not account for the fact that the change in specific

activity in serum cholesterol is not linear until 30 days fol-
lowing the injection of labelled cholesterol (Figure 1).
It is well documented that plasma cholesterol

specific activity declines more slowly after the first few




FIGURE 1

SCHEMATIC LOG SPECIFIC ACTIVITY-TIME CURVE FOR
SERUM CHOLESTEROL AFTER ADMINISTRATION OF A
SINGLE DOSE OF RADIOACTIVE CHOLESTEROL

Change of
Regimen

Decreased synthesis
lor increased pool

Specific - ”“\--\\‘
Activity

Increased synthesis

Time or decreased pool

Period of Rapid Decay (non-linear fall off).

Period of Isotopic Equilibrium Between Readily
Miscible Pools (linear fall-off).

After Change of Regimen.

(Pool is conceived of as all the body cholesterol
except that in nervous tissue. Its size can be
increased by decreased excretion, increased syn-
thesls, or increased absorption of endogenous
cholesterol. After a change in regimen, a
decreased slope of the specific activity-time
curve is due to decreased endogenous synthesis
or increased pool size; increased slope 1is due
to increased synthesis or decreased pool size.)

Grundy & Ahrens (1966).
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days with the rate of disappearance becoming essentially
linear after the fourth week (Figure 1). In 1968, Goodman
and Nobel proposed that cholesterol exchanged within a sys-
tem of two pools rather than within a single pool. The
linear decrease of specific activity reflected the rate of
cholesterol turnover in the slower of the two pools and not
the whole body. Under this scheme, Pool A reflects a pool
of rapidly miscible cholesterol comprised of the liver,

bile, plasma, erythrocytes and possibly the intestine. In

Pool B, turnover is much slower and is comprised of choles-~
terol in the viscera (other than in Pool A), skeletal
muscle and adipose tissue. It should be noted that these
two pools only represent mathematical models and have no
true physical boundaries.

Analysis by chemical balénce was developed by
Grundy et al (1965) and Miettinen et al (1965). This method
affords direct measurement of quantitative and gualitative
excretion patterns of fecal neutral and acldic sterols. In
addition, the chemical balance method allows for the quanti-

tative analysis of plant sterols and their conversion

products independent of cholestérol. However, a major
limitation is that it does not distinguish between metabo-

lites of endogenous and exogenous origin.

When 1isotopic balance techniques and chemical
analyses are combined, a fairly accurate estimation of
cholesterol absorption can be made. This method affords re-

sults which are not possible by either method alone. Fecal

‘steroids of endogenous origin can be estimated by the
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.isotope method while chemical'analyses give an estihation .
bf steroids of endogenous and exogenbué (dietary) origin.
The difference between the two represents that portioﬁ of

cholesterol which has not been absorbed during its passage

through the intestine.

B. TURNOVER OF CHOLESTEROL

The development of adequate methodolog& for

v accurately quantitating cholesterol and its metabolites

has hade it possible to measure cholesterol turnover.-_Plas—
'ma is one of the more accessible tissues and turnovér Qf
plasma cholesterol has been extensively studied in a numbér
of specles. The most common méthod involves administration
of isdtopically labelled cholésterOl or a biosyhthetic pre-
cursor of cholesterol and determining the radioactivity of
plasma cholesterol in ﬁhe ensuing weeks. It has been con-
sistently shown (Nestel ég_g;, 1969;.Nestel; 1970;‘and
Quardordt & Greenfield, 1973) that; during the first’few
'weeks after 1sotopic administration, the semilogarithmic

plot of cholesterol fédioactivity'versus time is curvilinear
(Figure 1). The changing slope of the curve during the first
few weeks ls due to the slow rates of equilibration between
the plasma and other body tissues. As the changes in plasma
cholesterol are believed tb reflect‘what is happening in the
rest of the body, Goodman énd Nobel (1968) suggested that
turnover conformed to a two—exchangeable-pool model; Ple A -
the'rapidly equilibrating pool - and Pool B - one which ex-—

rchanged more slowly. DietSchy and Wilson (1970a) and




Goodman et _al (1973) have presented evidence for a three- .
pool model. In this model, cholesterol was viewed as a
rapidly-exchanging pool (A), a more slowly-exchanging pool
(B) and a pool with a neglible exchange rate (C). Entry
and exit from the system occurs primarily through Pool A.
However, no matter how solidly based these models are, it
must be remembered that the body actually is comprised of
multiple'tissues, each with its own turnover and exchange
rate, and that some ef these tissue pools may be too small
or too slowly exchanging to contribute to the overall
dimensions of cholesterol turnover. Nevertheless, they may
be critical in the localized accretion of cholesterol in

pathological states.

1) Synthesis of Cholesterol: Every mammalian tissue

has the capacity for de nova synthesis of cholesterol
from acetate although there is great variation in syn-
thetic activity among organs (Dietschy and Wilson,
(1968). The highest rates of sterol synthesis are in
the liver and ileum, with the synthetic ability of the
gastrointestinal tract varying according to site.
Synthesis is relatively low in the proximal jejunum
and increases to a maximum at the terminal small bowel.
The abdominal and thoracic viscera and the skin have
lower rates of synthesis than the liver and gastroin;
testinal tract, while the rate of synthesis in muscle
and mature nerve tissue is very low.

The difference in potential for sterol synthesis

between the liver and gastrointestinal tract and other

12.
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tissues is striking when organ weight is taken into
account. Approximately 98 percent of all detectable
sterol synthesis takes place in the liver, gastroin-
testinal tract and skin; all other tissues account for
only two percent. Muscle,.which accounts for nearly
half of the body weight, contributes only 0.5 percent
of cholesterol synthesis in the squirrel monkey; 98
percent occurs in the liver and gastrointestinal tract

(Dietschy and Wilson, 1970a).

2) Absorption of Cholesterol: A major source of

cholestérol entering the body is exogenous or dietary
cholesterol. The dietary cholesterol can be free or
esterified with fatty acids. It becomes mixed with
endogenous cholesterol from the bile and desquamated
mucosal cells (Dietschy and Wilson, 1970b), and the two
become indistinguishable. Only free cholesterol is ab-
sorbed.

Pancreatic cholesterol esterase hydrolyses the
cholesterol esters. If sufficient bile, monoglycerides
and fatty aclids are present, free'cholesterol is solﬁ-
bized in mixed micelles and brought into contact with
the brush boarder where it is moved across the membrane
into the intracellular pool of cholesterol. Here
esterification with long chain fatty acids takes place.
These esters are incorporated into cﬁylomicrons which
are then released into the lymph.

There are several potential sites where the rate

of absorption can be controlled. These include the




permeanility characteristics of the mncosal membrane,
the relative activity of cholesterol esterase and the
rate of chylomicron formation. Exogenous cholesterol
is more readily absorbed when it is given in conjunc-
tion with a high fat diet (Wilson, 1962), although the
exact mechanism by which fat enhancés_absorption has
not been elucidated.

The bile acid pool also affects the rate.of ab-
.sorpﬁion. If bile is prevented from.entering the
‘ gaétrointestinal tract, cholesterol is npt absorbed
(Siperstein et al, 1952) whereas, if the amount of bile
acid ié increased, there is an increaéed'raté of absorp—-
tion (Dietschy and Wilson, 1970b). _Sylven‘and Bofgstrom
(1968) have suggested that the rate-limiting step is the
release of cholesterol to the 1ymph,'althongh no mechan-
ism has been proposed. Other factors affecting ébsorptidn
include the amount of cholesterol and fat in the diet.

The understanding of cholesﬁerol absorption has
been confdunded by nany factors. Cholesterol absorption
can only be reliably assessed when dletary intake re-
mains constant. This is because cholesterol can be
taken up into the intestinal cell and, subsequently,
diécharged into the lumen of the intestine again without
even reaching the circulatory system. In addition,
there 1s enterohepatic recycling of cholesterol. Three
different approaches have been proposed'to overcome
theée confounding factors, namely; the isbtopic balance

technique (Wilson and Lindszy, 1965), the chemical

1k,
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balance technique (Miettinen et al, 1965) and combina--
tions of these two. Only net absorption is measured by
these methods; there is no means for assessing entero-
hepatic circulation of cholesterol. By these methods

it is estimated that, of the 0.5 to 2.0 gm of cholesterol
ingested dally by persons eating a typical North American

diet, only 20 percent is absorbed (Wilson and Lindsey,
1965).

3) Execretion of Cholesterol: Elimination of cholesterol

and its metabolites occurs via the gastrointestinal tract.
The excretory products of cholesterol appear in thé
neutral sterol and bile acid fraction of the feces.
McIntyre and Isselbacher (1973) have reviewed the role of
the intestine in cholesterol turndver. They estimate

that the pool of bile salts amounts to between 2.5 and

5.0 gm. Approximately 200 to.600 mg of bile acids are
lost in the feces each day. Factors determining the mag~
nitude of losses of bile acids and neutral sterols is not
clear (Dowling, 1972). The conjugated bile acids -
taurocholic acid, glycocholic acid, taurochenodeoxycholic
acid and glycochenodeoxycholic acid - are the primary end
products of hepatic catabolism of cholesterocl. Deconju-
gation may occur, resulting in the formation of cholic

and chenodeoxycholic acid which, in turn, may be dehydrox-
ylated to form deoxycholic acid and lithochollc acid
respectively. Bile acids can be absorbed from the intes-

tine. The deconjugated bile acids are again conjugated




with glycine or taurine and re-secreted into the bile.
The excrefion of cholesterol has been extensively
studied. When there is a high rate of absorption of
cholésterol in the rat or dog, increased conversion of
cholesterol into bile acids appears to be an important
eicretory mechanism (Dietschy & Wilson, 19700).
‘These authors have suggested that increased hepatic
excretion of fecal,bile acids may account for the
cholesterol lowering effect when polyunsaturated fats
are fed.
Other studies, using radioisotbpes, have shown
that bile acid losses can be increased by cholestyra-

" mine. This resin binds bile acids in the lumen,‘

" thereby increasing fecal losses. This, in turn, causes

plasma cholesterol levels to fall (Moore et al, 1968).
However, thié fall in plasma cholesterol may not simply
be the result of an increased excretion of bile acids,'
but could also be due to a decreased absorption of
cholesterol because bile acids are required for the ab-
sorption of cholesterol. -

The fecal neutral sterol fraction in man includes
plant and animal sterols of dietary and endogenous
origin (Danielssqn,~l963). ‘Endogenous sterols consist
of cholesterol and its precursors - lanosterol and
7—dehydrocholesterol (McIntyre & Isselbacher, 1973)}
Maﬁy of the bacteria present in the large intestine are

capablé of degrading cholesterol, thus accounting for

16,




the mahy other sterols present in the feces. Copro-
stanol is one of the major bacterial degradation
products. |
Endogenous cholesterol can enter the small intes-

tine via the bile and Shed’epithelialvcellsf
Cholesterol which reaches the distal intestine is‘
unavailable for_resorption and may‘éontribute signifi-
cantly to fecal neutral'éterols (Nestel, 1970). The
loss of endogeﬁous stérols in man can‘be determined by
the loss of radioaétivity in the fecal neutrallstefols
following 1nfusion_of labelled cholesterol. Labelled
cholesterol has to be equilibrated Wiﬁh_thejcholestefol
of the. bile and the intestinal mucdsal céilé for the
loss of endogenous sterols to be accufately assessed
(Grundy and Ahrens, 1969a). In addition, neutral |
sterols are extensively degraded. These iosses are
postuléted to be the result of bacterial degradation
and can only be detérmiﬁed if an internal standard,
such as 8 -sitosterol, is fed. /3—Sitosterol is pobrly
absorbed but can be degraded by the intestinal flora.

_‘Substitution of polyunsaturated fats for satura-
ted fats in the diet cause serum cholesterol values to
fall, Ahrens et al (1957) proposed that this décrease
in serum cholesterol values may be because of increased

excretion of fecal neutral sterols of endogenous origin.

Work by Conner et al (1969) supports this hypothesis, namely,

that the execretion of neutral sterols and bile acids is
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increased on a diet rich in polyunsaturated fatty acids,
but Spritz (1965) failed to demonstrate increased excre-
tion of fecal acidic and neutral sterols in response to

polyunsaturated fats.

C. REGULATION OF CHOLESTEROL METABOLISM

Total body cholesterol 1s regulated by the inter-
action of absorption, synthesis and excretion.

Three physiologic variables influence cholesterol

biosynthesis, namely, the amount of cholesterol in the diet,
the caloric intake of the animal and the enterohepatic cir-
culation of bile acids.

Grundy et _al (1969b) demonstrated that the total
synthesis of cholesterol was related to the amount of
cholesterol absorbed from the lumen. Interruption of entero-
hepatic recycling of bile acids inhibited cholestérol
absorption, thereby causing reduced plasma cholesterol
values. However, the reduction in plasma cholesterol was
limited by a compensatory increase in cholestérol synthesis

(Dietschy & Wilson, 1970c). This work clearly demonstrated

that cholesterol synthesis in man is under feedback regula-
tion by cholesterol itself. Further work by QuintZo et al

(1971) on the interaction of cholesterol absorption, synthe-

sis and excretion, using the sterol balance technique,
indicated that absorption of cholesterol lncreased with an
increase in dietary cholesterol. As much as 1 gm of

cholesterol was absorbed by patients who were fed 3 gm of




cholesterol per day. The compensatory mechanisms evoked
were increased excretion of cholesterol (but not bile aclids)
and decreased total synthesis of cholesterol.

Although total body synthesis of cholesterol is
reduced by cholesterol feeding, only hepatic cholesterogen-
esis is promptly suppressed by dietary cholesterol (Gould,
1951). Hence, the gastrointestinal tract (especiélly the
ileum) becomes the major site of endogenous sterol synthesis
when liver synthesis 1s suppressed.

It has been demonstrated that fasting, as well és'
the feeding of cholesterol, causes a reduction in hepatic
cholesterogenesis. This was demonstrated in 1952 by
" Tomkins and Chaikoff and, subsequently, confirmed by
Dietschy and Wilson (1970c). Dietschy and Wilson (1968)
found that there was little feduction in the synthetic rate
of other tissues in the monkey when cholesterol was fed.

A model for the control of hepatic cholesterogen-
esis was proposed by Weiss and Dietschy in 1969. In this
model, it was assumed that cholesterol absorbed from the
lumen controlled hepatic synthesis of cholesterol. The
size of the bile acid pool was assumed to have an indirect
effect on hepatic cholesterol synthesls (at one time it was
thought to have a direct effect) because bile acids are re-
quired for the absorption and transport of intestinal
cholesterol to the lymph. Thus, an increase in the size of
the bile acid pool allows for increased absorption of

cholesterol which, in turn, reduces cholesterol synthesis.

19.




" D. DIETARY FACTORS AFFECTING CHOLESTEROL TURNOVER

Therevare many factors affecting éholesterol'tﬁrn—
over in man, and a great deal of attention has focused on
the elucidation of the control mechanisms involved; Elévated
serum cholesterol levels are assoclated with atherosclerosis.
Since diet has béén implicated with elevated serum cholesterol
levels, an enormous volume of 1iteraturejhas been dévoted to
the effects of various dietary constituents on‘serum choleé-
terol.' ‘ | |

In brief, all aspects of diet have been inérimina;‘
- ted. For many years the focal point was'concentrated 6n
dietary?fat; However, several other dietary factors recently’ 
have been implicated. A lack of dietary ascérbate has been |
cited as a predisposing factor in elevating serum cholesterol
values (Krumdieck and Buttefworth, 197ﬂ), a‘lack_or excesé of .
- various macro and trace minerals has been cited as élevating'
serum choiesterol levels (Schroeder, 1974), éndva lackbof.
dietary fiber haé been incriminated (Kritchevsky ét al, 1975).
'That the level of dietary protein may have an effect on serum
lipid levels has been indicated by Elson et al al (1971). |
Recently Carroll and Hamilton (1975) reported that proteln
source, as well as amount of protein, 1is important in pro-
moting hypercholesterclemia in the rabbit.

For many years dietary fat, both the source and the
amount, was the primary point of focus, and many experiments
were undertaken to determine 1ts effects on serum lipids.

The effects of dietary fats on sefum lipids have been reviewed
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'by Losier (1972), and the topic will be revie&ed only briefly
in this thesis. |
That polyunsaturated fats lower serum cholesterol
‘'values has been accepted for some years (Keyes'gg_gl; 1974
and Pikaar & Fernandes,'l966), buf studies on plaama pholes—
terol levels tell little of the overall turnover of
cholestérol. - Gordon and Danielsson (citéd'by Wood 93_21:
1966) found increased excretlon of cholesterol and 1ts
metabolites following a change to a polyunsaturated fat diet
and concluded that this accounted for the decrease in plasma
cholesterol. However, Nestel (1970) has suggested that tha
analytical methods used by Gordon and Danielsson'to'measura
" the excretion rates may have been unsatisfactory. 'Neverthe-'a
less, Connor et al (1969), Grundy & Ahrens (1966) Moore et al
(1968) and Sodhi et al (1967) have shown increaséd excretion |
of bile acids and neutral sterols on diets rich 1n nolyunsat—
urated fatty acids. As yet there is little agreement on
which fecal sterol fraction was increased. ;Grundy & Ahreﬁs
(1966) found that there was an increase in the neutral frac-
tion but not the acidic fraction. On the othef hand, dehi et
al (1967) and Moore et al (1968) found an increase in both the
acidic and neutral fractions. Other fesearchers have givén |
different explanations for the serumlcholesterol 1owéring '
effects of polyunsaturated fats. Spritz et al (1965) and
Grundy & Ahrens (1970) found no consistent change in excre-
tion rates when polyunsaturated fats were subsfituted‘for

saturated fats. - Grundy & Ahrens (1970) proposed that




redistribution of cholesterol among the various body pools:
waé a possible mechanism to accountvfor the hypocholestero-

,iemic effect of polyunsaturated fatty acids. |

The administration of phytosterols has been found
to increase the excretion of cholesterqi in the stool.

Sterols have been shown to reduce the reabsorption of en-

 dogenous neutral sterols derived from the llver and 1ntestiné
as well as dietary cholesterol (Grundy et al, 1969a. The
effect of plant sterols on serﬁm.cholesterol ﬁas been re-
viewed by Keyes et al (1974) who state that”ingestion of

6 to 10 gm daily of phytosterols is necessary in ofder to
produce a discernable decrease in serum cholesterol. This
amount is far in excess of that conﬁained in most diets.

. Corn oil, which has a relatively high phytosterol content,
contains only 0.58 to 1.00 gm per 100 gm of oil (Lange,
1950). |

| ~ There is controversy in the literature cbncerning
the effects of saturated fats on serum cholesterol lévelsl

.(Reiser, 1974, Keyes'gg;gl, 1974; and Altschule, 1974b).

It is genérally accepted that saturated fats increase serum -
cholesterol levels, but only C12:0, Cl4:0 and C16:0 fatty
acids have a hyperchblesterolemlc effect (Grande et al,
1972). Stearic acid (C18:0) and saturated fatty ac1ds with
fewer.than‘12 carbon atoms have been reported to.have little
effect-on serum cholesterol levels (Keyes gﬁ_ﬁi,‘l9650; and
Grande et al, 1970). A recent study_by Losier (1972) at the

University of Manitoba demonstrated a modest decrease in




serum cholesterol values when 40 percent of total calories-

in a mixed food diet were derived from beef tallow. In the
same study, corn oil was found to cause a marked decrease
in serum cholesterol levels. However, these studies gave
no indication of turnovervof cholesterol.

There is still much to be learned about the
effects of dietary constituents, including dietary fat
sources, on serum lipid levels in man. Furthermore, there
is very little known about the effects of various dietary
constituents on cholesterol turnover and serum lipid pat-
terns of healthy individuals as much of the work on the
effects that various dietary constituents have on cholester- "
ol turnover and serum lipid patterns was undertaken on

hospitalized people.'




OBJECTIVES OF STUDY

The primary objective of the study was to investi-

gate the effects of lard and sunflower oil as the major
sources of dietary fat on the serum lipid patterns ahd
cholesterol turnover in healthy young men when these fats
provided 40% of total calories in a mixed diet.

In addition, the response in serum lipid patterns
of subjects fed a diet containing soy protein was compared
with that observed in subjects fed the same diet but having

an equivalent protein substitution of meat for soy protein.
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EXPERIMENTAL METHODS

A. EXPERIMENTAL DESIGN

The study, a 39-day metabolic trial, was divided
into three periods. The first 10 days of the study served as
a stabilization period during which time a mixed fat diet was
fed. The fat was formulated to simulate the amount and com-
position of fat in the average Canadlan diet. The purpose of
this period was to provide time for introducing the subjects
to the routine of the study, to establish individual require-
ments for calories and to allow serum lipid patterns to
stabilize. The next 21 days constituted the experimental
period during which time elther lard or sunflower oil supplied
nearly all of the fat in the diet. The test diets were fol-
lowed by a further seven days on the mixed fat diet. During
the final seven-day period, two subjects from each of the
experimental fat groups were fed diets in which the soy protein
in the diet was substituted, on a protein equivalent basis, by
blean ground beef.

Fasting venoué blood samples were obtalined from
each subject before breakfast on days 4, 11, 18, 25, 32 and 39.
Sera was removed and stored at -10°C until used for chemical
analysis.

The experimental plan is diagramed in Figure 2.

B. SUBJECTS
The initial group of subjects were nine healthy

young men age 20-31 years (X = 25 years), selected from a group
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who responded to posted notices advertising the study. The
subjects were chosen on the basis of an interview with the
project directors, a physical examination and expressed co-
operativeness. They were of average height and weight
(Table 1) with no diagnosed metabolic disorders or recent
history of poor health. All but one subject, (R.R.), were
full-time students at the University of Manitoba; R.R. was
employed by the University and worked on campus. Eight of
the nine subjects successfully served for the entire study.
One person who had been recrulted resigned at breakfast on
Day 1 and so his physical data were not included in Table 1.
The eight subjects were friendly and co-operative at all
times. They remained in good health although R.L. was
diagnosed as having abnormal white blood cells due to mono-
nucleosis on the basis of blood taken on Day 4. This
complaint continued for the duration of the study, but he
was able to pursue his normal routine without feeling any
ill effects. H.P. also was diagnosed with'an abnormal
leucocyte count in blood taken on Day 3. He was thought to
. have been affectedbby poison oak. On Days 5 through 13 he
took two antihistamine tablets three times a day (4 mg
Chlor-Tripolon tablets). His blood haematology was normal

again on Day 10.

C. INFUSION OF THE ISOTOPE

On Monday, August 26, 1974, 35 days prior to com-

mencing the feeding trial, the subjects were infused with




Age Height
Subject (Years) (cms)
J.B. 25 175.3
H.P. 20 175.3
R.R. 31 185.4
R.L. 27 168.9
J.G. 22 176.5
R.M. 29 167.6
T.B. 26 180.3
B.M. 22 177.8

TABLE 1
PHYSICAL DATA OF SUBJECTS

Weight (kgm)

Average
Initial During Study
75.0 4.3 + 0.3%
94.8 93.2 + 1.3
89.1 87.2 + 1.2
59.1 57.7 + 0.7
68.4 67.2 + 0.8
60.9 63.0 + 0.6
83.2 81.6 + 0.7
83.2 82.4 + 0.3

l.

Mean + S.D. for 39 daily welghings.




50 microcuries of cholesterol—1,2-3H(N)1 (0.36 ug cholesterol
in 0.5 ml sterile ethanol). The infusions were carried out
under the supervision of Ms. Helen Bowan in consultation with
Dr. John Moorhouse at the Health Sciences Centre, Winnipeg,
Manitoba. A Harvard Parallel/Reciprocal ?ump, Model Series
9)402 was used for the infusions. The 3H—cholesterol in 0.5
ml of sterlle ethanol was taken into a 3 cc plastic dispos-
able syringe3. The vial which had contained the isotope was
rinsed with 1.5 cc of sterile ethanol which also was taken
into ﬁhe syringe. Air was carefully removed from the
syringe, and the syringe was fitted to the Harvard Pump. A
similar 3 cc disposable syringe (auxillary syringe) con-
taining 3 cc of saline also was fitted to the pump.
Disposable plastic tubing, calibrated to contain exactly 2 cc
of saline, was used to delivér the infusate from the pump to
the subjects' arm veins. The arrangement of the syringes on
the pump 1is diagramed in Figure 3.

The delivery tube was filled with 2 cc of physio-
logical salineu. The 3H—cholesterol was delivered into the

tubing at a rate of 0.786 ml/min (setting 3). The saline,

1. Lot No. 787-164, obtained July 1974 from New England
Nuclear, 575 Albany Street, Boston, Massachusetts 02118.

2. Purchased June 1970 from Harvard Apparatus Co., Inc.,
150 Dover Road, Millis, Massachusetts 02054,

3. Plastipak Disposable Syringe, Beckor Dickinson & Co.
Canada Ltd., 2464 South Sherridan Way, Mississauga,
Ontario.

4, 0.9% Sodium Chloride Injection, USP (Normal Saline),
Baxter Laboratories of Canada Ltd., Malton, Ontario.




' Pressure from -
\l, Harvard Pump
]
]

Syringe containing
SH-cholestereol in
2cc of ethanol

3way stopcdck
Auxillary syringe tube initially
containing 3cc filled with 2cc
of saline of saline
To subjects’
\L ~arm vein
Figure 3:

The arrangement on the Harvard Pump of the
syringes used to deliver the infusate.




in turn, was infused into the subject. When the_conténts of
the first syringe had been delivered, the auxillary syringe
was moved into position and 1its contents delivered into the
tubing at a rate of 0.079 ml/min (setting 6), thus infusing
the 3H—cholesterol into the subject. After the 2 cc of
3H-cholesterol and 0.4 cc of saliﬁe had been infused at this
setting, another 0.60 cc of sallne was ihfused at a rate of

0.786 ml/min (setting 3).

. D, DIET COMPOSITION

Two menus (Table 2) were alternated daily on both
the mixed fat and experimental fat regimens. Each daily
menu, which was designed to provide approximately U40% of the
total calories from fat and to éontain complementary textures
and flavours, included all food groups. The experimental
diets wére similar to the mixedbfat diet except that laﬁd and .
lard margarine or sunflower oil and corn oil margarine were
substituted for the fats in the mixed fat diet.

All food servings were standardized and were
weighed or measured for each ihdividﬁal. in addition to the
three regular meals, between-meal and post-dinner snacks were
provided for each subject. Standardized recipes (Appendix
Tables 1-9) were followed in the preparation of all food |
items.

Breakfast was essentially the same for both menus;
variety was provided through different_cereals and juices.
Lunch menus included scalloped potatoes with copked peas or

épaghetti with tomato sauce and a lettuce and tomato salad.

.31; o




TABLE 2

COMPOSITION OF DIETS

Menu I

Breakfastl'2

120 gm Apple Juice

30 gm Rolled Oats> +
25 gm fat

100 gm albumln m1x3 +
5.16 gm fat

1 slice Bread
Jam or Jelly (1 serving)

16.3 gm Sugar (brown or
white)

Lunchl’2

Scalloped Potatoes
10 gm fat

50 gm Peas
1 slice Bread
1 fresh Pear

3

Dinnerl’2

chi113

100 gm Rice + 6.5 gm fat
50 gm Cabbage

15 gm'Gfeen Pepper

2 slices Bread

120 gm canned Peaches

Spread: 25 gmu

011: 13.3 gn’
Milk: 450 gm/day (150 gm/meal)

Snacksl’2

1 x 10 oz can 7-Up of subst.
2 cookles
1 carrot and pineapple square

Menu II

120 gm Orange Julce

30 gm Cream of Wheat3 +
16 gm fat

100 gm albumin3 +
5.16 gm fat

1 slice Bread
Jam or Jelly (1 serving)

16.3 gm Sugar (brown or
white)

Spaghett13

50 gm Lettuce -
50 gm Tomato

1 slice Bread
1 fresh Apple

Beef Stew3

Mashed Potatoes + 15 gm fat
75 gm Creamed Corn

50 gm Peas

50 gm Carrots

2 slices Bread .

120 gm Frult Cocktall

Spread: 25 gmu

0il: 13.3 gm’
Milk: 450 gm/day (150 gm/meal)

1 x 10 oz can 7-Up or subst.
2 cookles
1 carrot and plneapple square

1. Coffee and tea allowed ad 1ib.

beverages prohibited.

Alcohol and other

2., For quantities of each item, see dlet calculations,

Appendix Tables

3. See reclpes, Appendix Tables 1-9.

4, 25 gm butter as spread per day during mixed fat dlet, 25 gm
corn olil margarine or hard margine during experimental dlets.

5. Provided on mixed fat and sunflower oll diets.

6. Substitute for one 7-Up: 5% oz apple jJulce + 20 gm hard

candy.
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A choice of a fresh apple or pear provided variety. Chili
with rice and coleslaw salad or stew and mashed potatoes
were the entrees‘at dinner. Either canned fruit cocktéil
or canned peaches were provided as dessert. On.the mixed
fat diet and sunflower oil diet 13.3 gm of oil was served
with the salad. Vinegar was allowedlsévthat an oil and
vinegar dressing could be made by the subject if desired.
On the lard diet, where no oil was served, the additional
13.3 gm of lard was incorporated into the entreés (Appendix
Tables 10 and 11). Bread was included at each meal to .
utilize the spread and to permit thé subjects to wipe up
any visible fat remaining on the serving dishes. Worches- ‘
tershire sauce; tabasco saucé, vinegar and kétchup were
available at all meals. The subjects were asked to use the
same émounts'of these condiments daily.thtoughouﬁbthe sﬁudy.
Three entrees - stew, chili and spaghetti with
tomato sauce - were*prepafed in advance in individual foil
containerss, frbzen and stored at -10°C for up to foﬁr
months. No détectable changés were observed as a result of
'freezing and storing. Entrees for the various meals were
taken directly from the freezer, heated and served in-the
foil container. The fourth entree - the scalloped potatoes -
was not prepared in advance but ingredients were welghed

out in advance for preparation on the day of serving.

5. Sizes 685LL and 705-35, EKCO Foil Containers with Lids,
Price Wilson Ltd., 830 King Edward Street, Winnipeg,
Manitoba.




The mixed fat diet, formulated to simulate the
amount and composition of fat in the average Caﬁadian diet,
~was simllar to that used previously in the Department of
Foods & Nutrition (King, 1974, Lake,1975). Since a consid-
erable decrease in Serum cholesterol had been observed on
this diet in previous studies (Le Blanc, 1973, King, 1974,
Lake, 1975), the formulation of the fat mix (Tabie 3) was
changed to coincide with fat disappearance figures for
Canada. The figures used were provided by Dr.'Paﬁl Sims of
‘the Food Research Institufe, Ottawa (personal communication).
The relative proportions of the various fat sources used in
vthe.mixed fat diét are given in Table 4. Composition of the
-fat mix incorporated into the snacks and entrees is shown in
Table 5. During the stabilization periodv butter.was used
as the spread and the other fats were incorporated lnto uhe
menu items.

Textured soybean protein,‘fluid skim milk‘éndA
spray dried egg albumin6 were utilized as the pfimary pro-'
tein sources. The soy products used were TVP7 énd Bontrae.
Both are essentially fat free. The effects of dietary

protein source on serum lipids were studied by substituting

6. Chan. Foods Ltd., Jarvis Street, Winnipeg, Manitoba.

7. Trade Name for Textured Vegetablé Protein, Archer Daniels
Midland Co., 733 Marquette Avenue, Minneapolls
Minnesota 55440.

8. Reglstered Trade Name of General Mills, Inc.,
5000 Plymouth Avenue North, Mlnneaoolis, Minnesota 55&27

gatwmu




TABLE 3

RELATIVE PERCENTAGE OF FATTY ACIDS

IN MIXED FAT DIET

Saturated
Liﬁerature values® - 37.6
Calculated values® - 37.6
Analysed values » 38.6

Monoun- Polyun-
saturated saturated
49.5 13.4
49.5 13.1
40.6 19.9

1. Paul Sims, Food Research Institute, Ottawa.

2. Fat Acid Content of Food Fats.

Compiled by Depértment

of Foods & Nutrition, University of Manitoba, 1970-71.




TABLE 4

COMPOSITION OF THE FAT MIXTURE

1

Ingredient Per cent
Hydrogenated Soy 30
Lard 20
Tallow 25
Butter 0il 15
Corn 0il 10
1. See Section F), Test Fats, for details.

Angérmmuu




TABLE 5

FATTY ACID COMPOSITION OF THE FAT MIXTURE

1

Fatty Acid

Myristiec, Cll}:O2

Myristoleie, Cli4:1

Palmitiec, C16:0

Palmitoleilec, C16:1

Heptadecanoic, C17:0

Heptadecenolic, C1l7:1

Stearic, C18:0

Oleic, C18:1

Linoleie, C18:2

Linoleniec, C18:3

% of Total
Fatty Acids

3.0
1.7
20.1
2.4
0.8
0.7
14.5
38.3
13.4
0.9

1.

2.

Composition determined by gas-liquid chromatography.

Carbon Number: number of double bonds.




lean ground sirloin tip9’10 for the TVP7 and Bontrae8 when
the mixed fat diet was resumed on Day 32. The beef tallow
in the fat mix was decreased proportional to the amount of
fat supplied by the sirloin so that the fatty acid composi-
tion of the fat mix in the diet remalned relatively
unchanged.

Since lard contains cholesterol, the lard was
analysed for cholesterol contentll and an amount of pure,
crystalline cholesterol, equivalent to that supplied by
133 gm of lard, was added to the 25 gm of corn oil margarine
spread for each subject. Detalls of the analysis are ex-

plained in Section H under Ingredient Analysis.

Each menu was designed for young men and was cal-
culated to provide 3,000 calories daily. Calories and
nutrient compositioh of the menus are shown in Table 6,band
the calculated nutrient composition of the menus 1is presénted
in Appendix Tables 12—19.. Although Menu I did not meet the
reéommehded daily intake for Vitamin A specified in the 1974
Canadian Dietary Standard, nor did Menu I or Menu II meet
‘the 1974 recommended allowances for niacin, these menus Wéré
adequate in meeting the recommended daily intakes specifled

in the 1968 Dietary Standard for Canada.

9. Analysed by Kjeldahl Method.

10. Analysed for total lipid by the Bligh and Dyer Method
(1959).

11. Cholesterol content of the lard was analysed at 65.1 mg
of cholesterol per 100 gm lard by the method of Tu et al
(1967). .




CALORIE & NUTRIENT COMPOSITION OF DIETS

TABLE 6

1

Composition

Calories
Protein (gm)

Fat (gm)

Carbohydrate (gm)

Calcium (mg)
Phésphorus:(mg).
Iron (mg)
Vitamih A (ug RE)
Thiamine (mg)
Riboflavin
Niacin (mg)

Vitamin C (mg)

.. Diet -
Menu I Menu IT
3050.0 2977.0
73.5 73.0’
137.6 136.ol"
384.6 375.7
1538.0 836.0
11209.0 - 973.0
16.2 24.3
- 623.6 1010.0
1.5 1.5
1.9 2.2
15.9 14.0'
176.2 166.2

Recommended2

3000.0
56.0

1. Calculated values using USDA Handbook #8, Composition
of Foods (Watt & Merril, 1963)..

2. Based on Revised Dietary Standard for Canada (197H4).
Values given for males, 75 kgm, Activity Level A. -




E. STUDY ROUTINE

The subjects maintained their normal activities
and resided in their own homes throughout the study. Meals
were served in the Home Management Apartments in the Home
Economics Building on the University of Manitoba campus.
All meals were served at customary_hours, although attempts
were made to accommodate individual lecture time-tables.
Particular emphaslis was placed on the fact that no other
foods were to be eaten. The general instructions given to
subjects are presented in Appendix Table 20.

Each subject weighed himself daily before break-

fast. Individual calorie intake was adjusted when necessary

by altering the carbohydrate and fat intakes in an effort to

maintain body weight constant.

F. TEST FATS

The fat sources used for the mlxed fat diet in-

12 14

cluded butter , corn oill3, beef tallow™ ', lard®® and

hydrogenated soybean oil.16 Lardls, speclally prepared lard

12. Modern Dairies Brand, Winnipeg, Manitoba.

13. Mazola, Best Foods Division, Canada Starch Co. Ltd.,
Montreal, Quebec. v

14, Bleached, clarified, deodourized, Canada Packers Ltd.,
Winnipeg, Manitoba.

15. Kindly supplied by Mr. B.F. Teanale, Canada Packers
Ltd., Toronto, Ontario.

16. Crisco, Proctor & Gamble, Toronto, Ontario.




17

margarine15 (from the same batch), sunflower oil and corn

18

oil margarine”  were the fats used for the experimental

diets.

G. STORAGE AND HANDLING OF DIETARY
FATS AND OTHER FOOD STAPLES

Fats for the mixed fat diet and experimental diets
were purchased as a single lot and refrigerated at 7°C in a
home-type refrigerator until required. All fats and oils
were stored in sealed containers._

Other staples were bought as single lots and
stored under conditions considered appropriate for each food
item.

Lean sirloin tip was purchased as a single lot,
trimmed of all visible fat, ground and stored frozen at -10%
until required. B |

Fresh skim milk and bread were purchased biweekly
-from a single local source. The bread was frozen until re-.
gulred. |

All entrees and snack ifems prepared in advance

were stored at -lOOC until needed.

H. INGREDIENT ANALY3IS

Samples of TVP, Bontrae protein crumbles and ground

17. Co-op Vegetable 0Oils, Altona, Manitoba.

18. Fleishmans 100% Soft Corn 0il Margarine, Standard Brands
Ltd., Winnipeg, Manitoba. ,
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sirloin tip were analysed for total lipid and nitrogen con- -
tent. Total lipid was extracted by the method of Bligh &
Dyer (1959). Percent nitrogen was determined by the boric
acid modification (AACC, 1962) of the AOAC (1960) Kjeldahl
procedure for total nitrogen except that the mefcuric oxide
and.pétassium sulphate were replaced by 2vgm of a pre-mixed

catalyst19

. The analysed values for lipid and pfotein in
the three samples are given in Table 7. On the Basis of
Kjeldahl nitrogen, 59.3 gm of meat was requlred to replace
the TVP in the stew and 45.6 gm to replace the Bontrae in’
the chili. Since sirloin'tip contains 5.2% and the so&
products l%‘fat, the amount of beef tailow in the stew and
chili was reduced by 2.9 gm and 2.2 gm respectively when |
made with sirloin tip. | |

| Total cholesterol of lard was determined by the
Tu et al (1967) modification of the method by Mann (1961).
The micrdgrams of cholesterol were thained by comparing
the sample to a reference analysed in the same manner. The
6ptica1 density df all readings was taken in a Coleman -

Junior SpeCtrophotometerzO

standardized with a reagent blank.
The lard was found to contéin 65.1 mg of cholesterol per

100 gm and thus 133 gm of lard, the daily amount in the lard
diet, provided 86.8 mg of cholesterol dally. This amount of

cholesterol was added to the dailly allotment of 25 gm of

19. No. 4 Kel-pak, Canlab Supplies Limited.

20. Model No. 6A-36715, Coleman Instrument Inc., Maywood,
Illinois. : :




TABLE 7
ANALYSIS OF TVP, BONTRAE & GROUND SIRLOIN TIP

TVP Bontrae Sirloin Tip
% Nitrogen analysedl 48.4 9.8 20.4
% Fat analysed” 1.0 1.0 5.2
Protein (gm) per serving 12.1 9.3 ———

1. Kjeldahl Method, AOAC (1960).
2. Bligh & Dyer (1959).




corn oll margarine in the sunflower oil diet.

Total phytosterol content of the sunflower oil was
estimated by the method of Tu et al (1967). Although this
method was developed for the analysis_of cholesterol in meat
products, all sterols with a hydroxyl group'at carbon 3 in
the equatorial position and the cyclohexane rings in the
chair configuration will undergo précipitafion with digiton-
in and colour reactions with ferric ions in HZSOH (Lange,
1950). Total sterols were calculated as 374 mg/100 gm of

sunflower oil (Table 8). This is in close agreement with

. the values reported by Itoh et al (1973) who list the major

phytosterols in sunflower oil as'campesterol (8%2), stigmas-
terol (8%), B-sitosterol (60%), As—avenasterol (42),
Ag—stigmasterol (15%) and Ag-avenasterol (43).

I MEAL ANALYSIS

Composites were made of each daily menu of the
mixed fat and experimental fat diets. The individual food
items were weighed to the nearest gram using a Satorius top-
loading balance (Model 2254)21. Individual food items were
thawed and composites of the meals were homogenized with
approximately 200 ml of distilled water in a one-gallon
Waring commercial blender (Model CB—5)22. The homogenate

was weighed and a 145 to 190 grams aliquot was lyophilized

21. Satorius-Werke AG, Gottingen, Germany.

22. Waring Products Co., Winsted, Connecticut.




TABLE 8
STEROL ANALYSIS OF SUNFLOWER OIL

mg/100 gm Oil

Analysed Values 374

Literature Values?t 392

1. Itoh et al (1973).




in a Model 10-140 MR-BA Virtis Freeze Dryer23. The dried

sample was reduced to a fine particle size by pounding in
Whirl-Pak plastic bags (#8992, 510-30 gm)2" and stored at
~-10°C for later analysis.

Total lipid was extracted from the lyophilized

food samples by the method of Bligh & Dyer (1959). An
aliquot of the lipid was dissolved in petroleum ether and
transferred to a 20 ml screw top vial. The vials were

flushed with nitrogen and stored at -10°C until required

for gas-liquid chromatography (GLC). At the time of
analysis, the petroleum ether was evaporated undér a stream
of nitrogen and methyl esters of the fatty,acids were pre-
pared according to the method of Metcalfe et al (1966).
Analyses were carried out with a Vérian Aerograph gas
chromatograph (Model 17“0—1)25 equipped with dual columns,
flame ionization detectors, a Varian Aerograph single pen
recorder (Model 20)25 and a Varian Aerograph digital inte-
grator (Model 477)2°.

Samples were resol&ed on 2.7m x 3.2mm steel

columns packed with 10% EGSS-Y on 100/120 mesh GAS CHROM Q26.

The flow rates were 30 ml/min for helium27, 25 ml/min for

23. Virtis Co. Inc., Gardiner, New York 12525,

24, Canlab Laboratory Equipment, Winnipeg, Manitoba.
25. Varian Aerograph, 6358 Viscount Road, Malton, Ontario.

26. Applied Science Laboratories Inc., P.O. Box U440,
State College, Pennsylvanla 16801,

27. Welder's Supplies, 25 McPhillips Street, Winnipeg,
Manitoba.




27

27

hydrogen and 250 ml/min for air The columns were ober-
ated isothermically at 195°C with the injector and detector
temperatures at 23OQC and 250°C respectively._ The individu-
al fatty acids were identified by comparing them with-linear—
log plots of retention time versus carbon number of ?atty
acid reference standard828. |
Nitrogen content of the meals ﬁas determined by the
Kjeldahl method as described previously., The factor of 6.25
was used to calculate the percent protein present.
Energy centent of the‘diets'was measured usiﬁg a
Parr Adiabatic Calorimeter (Model U30M) equipped witﬁ a
Parr #1241 oxygen bomb calorimeter and a Parr #1541 water

'heater29.

Calculated and analysed dally intakes of fat,
energy and protein are given in Table 9. |

| ' Total sterol content of Menu I and Menu II for each
- experimental diet was determined by the method of Mannv(1961)
‘as modified by Tu et al (1967). The micrograms of sterols
were obtained by eomparing the samples to a refersnce analy-
vsed in the same ﬁanner in a'caiorimeter standardized with a
reagent blank. Losses ( = 5.3%) were corrected for on the
recovery of a known amount of cholesterol run'witﬁ each

determination. Table 10 gives the analysed values for total

sterol content of the sunflower oil and lard diets.

28. Hormel Institute, Lipids Preparatlon Laboratorv,
801 - 16th Avenue N.E., Austin, Minnesota 55912.

29. Parr Instrument Co., 211 Fifty-third Stree t
Moline, Illinois 61625,




TABLE 9

TOTAL DAILY FAT, ENERGY & PROTEIN INTAKES

Mixed Fat Lard Sunflower
Menu I Menu II Menu I Menu II Menu I Menu II

Fat (gm)

Calculated 138
Analysed 126
Energy (kKeal)
Calculat§d2 3051
Analysed 3223
Protein (gm)
Calculatgdu 74
Analysed 78

" 136 138 136 138 136
121 129 128 125 130
2977 3051 2977 3051 2977
3180 3130 3163 3329 3229
73 74 73 74 73

81 T4 78 78 82

1. Analysed using the procedure of Bligh & Dyer (1959).

2. Calculated values using USDA Handbook #8, Composition of

Foods (Watt & Merril, 1963).

3. Results obtalned by bomb calorimetry,

4, Calculated values using USDA Handbook #8, Composition of

Poods (Watt -& Merril, 1963).

5. Results obtalned by the Kjeldahl Method.

hg
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TABLE 10
STEROL ANALYSIS OF THE DIET (mg/100 gm)

Lard Diet Sunflower 0il Diet
Menu I 256 657
Menu II 242 651




J. BLOOD ANALYSIS

Blood samples were taken between 7:30 a.m. and
8:00 a.m., following a 10-hour overnight fast, on Days 4,
11, 18, 25, 32 and 39. Blood from each person was drawn
into three 15 ml BD vacutainer tubes (#4796)30. A 15 ml
sample (BD vacutainer tube #4759 containing EDTA)30 also
was drawn for whole blood analysis.v The blood was allowed
to clot at room temperature for one hour. The 15 ml
clotted samples were centrifuged31 at 1400 x g for five
minutes to remove any contaminating red cells. The clear
sera was pipetted into clear vials, and the vials were
flushed with nitrogen énd stored at -lOOC until used for
analysis.

Sera from each subject was analysed in duplicate

for radioactivity, total and free cholesterol, triglyceride

content and lipid phosphorus. Serum phospholipids were
precipitated from acetone and the fatty acid composition
determined by GLC. Haemogloblin, haematocrit, leucocyte
counts and platelet counts were determined on the whole
blood at the Haematological Laboratories, Health Sciences

Centre, Winnipeg, Manitoba.

30. Canlab Laboratory Equipment, Winnipeg, Manitoba.

31. Model HN-2368P-2, Centrifuge, International Equipment
Co., Needham Heights, Massachusetts.
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CHEMICAL ANALYSIS OF SERUM

1) Radioactivity: Two ml of serum were extracted for

total lipid by the method of Folch et al (195%). Part

of the solvent (chloroform) was evaporated under a stream
of nitrogen. The dissolved lipid was transferred to a

25 ml screw top scintillation vial and the solvent re-
moved under a stream of nitrogen} Ten ml of scintilla-
tion fluid (Appendix Table 21) was added. Samples were
counted for 20 minutes or 4,000 counts in a liquid

32 using the following settings:

scintillation spectrometer
Data H.V. and Gate H.V. - 9.0; dial A, level 3 - 0.5 and
level 5 - 9.9; and dial B, levels 3 and 4 - 0.5 and 2.3

respectively. The data attenuator was set at zero.

~2) Cholesterol: Total and free cholesterol were deter-

mined by the method of Zak et al (1954). Esterified
cholesterol was determined as the difference between
total and free cholesterol; Samples were compared to
standards of known cholesterol content in a}Coleman Junior

Spectrophotometergo;

3) Lipid Phosphorus: Phospholipids were determined by

the method of Chen et al (1956), except that ashing was
carried out at 250°C in a heating block (Model #120¢)33

for one hour. Samples were compared to standards'of

32.

33.

Model 725, Nuclear-Chicago Corporation, 333 East
Howard Avenue, Des Plaines, Illinois.

Hallikainen Instrument, Slaco Division, Richmond,
California.




known phosphorus content in a Unicam SP600 Series 2

34

Spectrophotometer~ .

4) Serum Triglycerides: Serum triglycerides were ex-
tracted by the method of Ryan & Rasho (1967), except that
0.2 ml of serum was used for each determination;v Thé
saponification and colour reaction were by the method of
Van Handel & Zilversmit (1967), exqep% ﬁhat sodium bi-
sulphite was used rather than sodium arsenite as
suggested by Jagannathan (1964). Samples were cbmpared
to standards of known triglyceride confent. The optical
density was méasured at 570 mu in a Coleman Jﬁnior |

Spectrophotometerzo.

5) Phospholipid Fatty Acid Patterns: Total lipid was

extracted from 2 ml of serum by the procedure of Folch

et al (1957), and the phospholipids precipitated from

acetone according to the method of Beare -~ Rogers (1969).
Methyl esters of the fatty‘acids were prepared for analy-

sis by the method of Barnes & Halloday (1972) with the

following modifications. Saponification was carried out

in screw top vials using 0.50 ml of 0.5N ﬁethanolic
NaOH. The vials were heated in é water bath at 80°C rfor
five minutes. The vials were cooled and 0.25 ml of
BF3/CH3OH solution was added directly to the saponified

mixture and the contents reheated at 80°C for three

34,

Model #46511, Pye Unicam Ltd., York Street, Cambridge,
CB12 PX, England.




minutes. Once the vials had cooled, 1.5 ml of saturated
NaCl solution was added and the methyl esters extracted

by shaking with 2 ml of petroleum ether. The petroleum

ether layer was removed, concentrated-under nitrogen and
injected directly into the gas-liquid chromatograph.

The fatty acid methyl esters were resolved as previously

described under Section I for Meal Analysis.

L. STATISTICAL ANALYSIS

The data was subjected to analysis of variance
‘(Larmond, 1970) to determine whether the dietary treatments
had any effect on serum lipid patterns.. The Students T-test
was used to determine whether the pattern of response to a
particular dietary regimen varied with time (Mendenhall,
1971). The activity of labelled cholesterol in the serum on
days 18, 25, 32 and 39 was expressed as a ratio ofAthe acti-~

vity on day 11 prior to subjection to analysis of variance.




RESULTS AND DISCUSSION

A. SUBJECTS

All the subjects successfully served for the dur-
ation of the study. They remained in good health with the
exception of R.L. who was diagnosed as having mononucleosis
when he was found to have an abnormal leucocyte count on
the basis of blood taken on Day 4. This complaint did not
affect his participation in the trial. The weight of
three subjects remained essentially constant throughdut the
study. Subject R.M. gained 2.1 kgm, while subjects R.L.,
J.G., R.R. and H.P. lost 2.1 kém, 2.5 kgm, 3.5 kgm and
3.6 kgm, respectively. These losses were moderate but may
have had some bearing on the changes seen in serum lipid
values. Nestel et al (1969) have reported decreases in

serum cholesterol in response to a decrease in body welght.

B. EFFECT OF DIET ON SERUM CHOLESTEROL

1) Serum Total Cholesterol: The pattern of response
of total serum cholesterol to dietary fat differed
appreciably depending upon the fat source (Figure 4).
Serum cholesterol decreased during the stabilization
period when the subjects were fed a diet in which the
fat was supplied by a mixture formulated to simulate
the average disappearance of fat in Canada. When the
diet was changed from mixed fat to the expériméntal
fat, the pattern of response for the two test fats

differed appreciably. Serum cholesterol continued to
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decrease for subjects fed the sunflower oil diet but

increased for those on the lard diet. The patterns of
response on the test fats.were revérsed when the miied
fat dlet was again fed during the final week of the
experiment. Serum total cholesterpl decreased for the
group who had been fed the lard diet and increased for
thoée fed the sunflower oll diet.

The overall decrease in serum total cholesterol
during the first seven days of the4stabiiizationvperiod
- was approximately 15 mg for both groups (Tables 11 and
12). Although there were no differencés between the
groups on Day 4 and Day 11, there was a significant
decrease in serum cholesterol with time - (P <€0.001,
'Appendix Table 22). This decrease in serum total
cholesterol in response to a mixed fat diet has been ob-
served previously with diets similar to thaﬁ used in the
present study (King, 1974; Lake, 1975). The decrease
during the stabilization period, when'thebmixed fat diet
was fed, may be attributed to a number of factors. One
possibility may be that the composition of the fat in-
gested by the subjects prior to the start of the
experiment was very different from the mixed fat diet.
The decrease may also be attributed to the fact that
the mixed fat diét was a low chblesterol diet. Mattson

et al (1972) found that serum cholesterol was approxi—
mately 25 percent lower in men fed a cholesterol free
- diet than when they were fed a typical North American.

diet. Another factor which might have played a role is




TABLE 11

TOTAL SERUM CHOLESTEROL OF
SUBJECTS IN RESPOMSE TO DIETARY FAT

1

Day of Experiment

Subject y 112 18 25 322 39
mg, Cholesterol/100 ml Serum

J.B.g 194.2  173.2  158.1  14h.2  137.7  172.9
H.P.3 204.9  186.5 165.6  148.0  120.6  150.8
R.R.3 200.1  185.h  151.9  139.1  122.9  1k2.5
R.L. 224.3  213.9  176.5  159.8  153.h%  176.0
Group Mean 205.9 189.7 163.0 147.8 133.7 160.6
3.G.) 170.6  154.0  177.6  180.8  197.6  156.8
R.M. 216.9  201.2  211.4  212.0  206.5  187.4
T.B. ) 174.2  164.3  173.2 - 180.3  187.9  165.3
B.M. 181.0  168.1  181.4  200.0  201.7  188.6
Group Mean '185.7  171.9  186.0  193.3  198.4  174.5

1. Mean of Duplicate Analyses.

2. Days on which Dietary Regimen was changed. Diets included:

a) mixed fat diet, Days 1-10 inclusive

b) lard or sunflower oll diet, Days 11-31 inclusive, and

¢) mixed fat diet, Days 32-39 inclusive.
3. Subject on Sunflower 01l Diet.

4, Subject on Lard Diet.




CHANGES IN SERUM TOTAL CHOLESTEROL

TABLE 12

IN RESPONSE TO DIETARY FAT

Experimental Period

Mixed Fat Lard or Sunflower 011 Diet Mixed Fat

Day 4 Day 11 Day 18 Day 25 Day 32

Subject vs 11 vs 18 vs 25 vs 32 vs 39
mg, Cholesterol/100 ml Serum

J.p.t -21.0 ~15.1 -13.9 - 6.5 +35.2
H.p.1 ~18.1 -20.9 -17.6 l27.4 +30.2
R.R.1 -14.7 -33.5 ~12.8 -16.2 +19.6
R.L.1 ~10.14 ~37.4 -16.7 - 6.4 +22.6
Group lMean -16.1 ~-26.7 -15.2 ~14.1 +26.9
J.6.2 -16.6 +23.6 + 3.2 +16.8 ~40.8
R.M.2 ~15.7 +10.2 + 0.6 - 5.5 -19.1
T.B.2 - 9.9 + 8.9 + 7.1 + 7.6 ~22.6
B.1M.°2 -12.9 +13.8 +18.1 + 1.7 -13.1
Group Mean -13.8 +14.1 4+ 72 + 5,2 -23.9

1, Subjecﬁ on Sunflower (011 Diet.

2. Subjeet on Lard Diet.




the fact that the dally caloric intake was rczinfzined

constanﬁ and the distribution of calories among_the
meals was stabilized as Fébry et al (196%4) ctserved
higher.serum cholesterol levels in men eating less than
three meals a day.

Serum total cholesterol decréased on the sunflower
oil diet (P<0.005). The decrease dhring the Tirst week
on ﬁhe diet averaged 26.7 mg/loo ml of serum {(Tables Il

and 12). bThis downward trend continued with decreases
of 15.2 and 14.1 mg dﬁringvthe second and third weeks.
By contrast, serum total éholesterol increased

(P £0.005) for subjects consuming the lard diet. Aver-
age increases of 14.1 mg/100 ml of serum were observed
during the first week on this regimen, withAfurther in-
creases of 7.2 and 5.2 ng respecﬁively in the following
two weekly periods.

Keyes and associates (1957) found that the méjor
‘change in serum cholésterol, following a’chang of iet
occurred during the first week. ‘The present study
appears to support this observation. - On the lard regi—

men, the changes were of a lower magnltude during

(N

the

second week than during the first week and 1ittl

D

changé.occurred in the third week, exceot fbr B, M,
whose serum cholesterol increased 18 1 mg during the
second week and J.G. whose serum total cholesterol in-
creased 16.8 mg during the third week. Although serum
total cholesterol continuéd to decreaseﬂovgr the second

and third weeks on the sunflower oil diet, the decrease




observed during the third week is largely attributable’

to H.P. and R.R. whose values decreased 27.4 and

16.2 mg, respectively. H.P. and R.R. lost weight during

the course of the study; Nestel et al (1969) have re-
ported decreases in éerum cholesterol in response to a
decrease in body weight. However, the decrease cannot
be attributed solely to weight loss as the serum total
cholesterol of H.P, and R.R. was found to increase

30.2 and 19.6 mg respectively during the post—-experi-

- mental mixed fat period while these subjects were still
losing weight.

It 1s generally accepted that the fatty acid
composition of the dietary fat plays'an important role
in serum cholesterol levels. Saturated fatty acids
are regarded as being hypercholesterolemic and polyun-
saturated fatty acids as hypocholesterolemic. Keyes
et al (1965¢c) have suggested that the response in
serum cholesterol to a change in dietary fat can be
predicted when the change in fatty acid composition of
the dlet is expressed in terms of total calories.
These authors have derived-a simple equation, by mult-
iple regression analysis, to express this relationship.
In their prediction eqﬁation:

a sérum cholesterol = 1.2(2A Sl-AP)
where: A serum cholesterol is the change in serum
cholesterol in mg/100 ml of serum,

ASl is the change in the percent of calories

contributed by C12:0, C14:0 and C16:0 fatty acids, and
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AP is the change in the percent of calories con-

tributed by polyunsaturated fatty acids.
According to this equation, C12:0, C14:0 and
Cl6:0 fatty acids were twice as effective in elevating

serum cholesterol as polyunsaturated fatty acids were in

decreasing 1t. Also worthy of note is the fact that
stearic acid, short chain saturated fatty acids and the
monoencic fatty acids are not included in this'equation'
because changes in the levels of these fatty acids in

the diet were not found to bring about a change in

blood cholesterol (Keyes et al, 1958; Grande et al,
1970).

The fatty acid composition of the diets used in
the present study 1is given in Table 13. Lauric, myris-
tic and palmitic acids, the major fatty aclids regarded
as having a hypercholesterolemic effect (Keyes et al,
1965¢c), together contributed 24.2 percent of the total
fatty acids in the mixed fat diet, 27.4 percent in the
lard diet and 8.5 percent in the sunflower oil diet.
The linoleic acid content of the mixed fat diet (18.3

percent) was higher than that of the lard diet (11.9

percent), while linoleic acid accounted for 65.4 per-
cent of the total fatty acids in the sunflower oil diet.

Fat contributed 34 to 37 percent of the total

calories in these diets. In terms of the percentage of
total calories contributed by the various classes of
fatty acids, saturated fatty acids other than stearic

acid contributed 1.7 percent more calories in the lard




TABLE 13
PERCENT FATTY ACID COMPOSITION OF DIETS

Fatty Acid Composition

Diet/ : Sunflower

Fatty Acid Mixed Fat Lard 0il

Lauric, C12:0% 0.6 0.8 C gr |
Myristiec, Cl4:0 2.9 1.8 tr i
Palmitic, C16:0 20.7 248 8.5 |
Palmitolelc, C16:1 2.0 2.5  tr i
Stearic, C18:0 13.4 15.9 4.8 i
Oleic, C18:1 38.0 50. 4 20.14 .
Linoleic, C18:2 18.3 11.9 65.14 !
Linolenic, C18:3 1.8 0.8 0.8 |

1. Carbon number: number of double bonds.
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diet than in the mixed fat diet while the polyunsatur-.
ated fatty acids contributed 2.3 percent less calories
(Table 14). On the other hand, the sunflower oil diet
contained 5.4 percent less calories from lauric, myris-"
tic and palmitic acids than the mixed fat diet .and 16.2
percent more calorles from polyunsaturated fatty acids
(Table 14),

The observed changes in serum total cholesterol
levels in the present study were greater on the experi-
mental fats than those predicted by the Keyes et al
equation. There was a decrease of 56 mg on the sun-
flower oil diet (Tables 11 and 15), whereas the predic-
ted change on the basis of Keyes equation was 32.4 mg/
100 ml of serum (Table 15). Similarly, when the lard
diet was fed, total serum cholesterol was found to in-
crease 26.5 mg/100 ml of serum, whereas the predicted
change was 6.8 mg/100 ml of serum. Le Blanc (1973)
also observed slightly lower values than those predic-
ted by the Keyes equation when a diet rieh in low
erucic acld rapeseed oil was fed, and Losier (1972)
found the decrease in serum cholesterol was consider-
ably greater than that predicted by the Keyes equation
when a diet rich in corn oil was fed. Keyes et al
(1965d) also found that the observed decrease exceeded
the predicted decreasé when a diet rich in corn oil
was fed and have suggested that this apparent discre-~
pancy with corn oll is associlated with the relatively

high plant sterol content which is estimated at




TABLE 14

PERCENT TOTAL DAILY CALORIES CONTRIBUTED BY
GLYCERIDES OF SATURATED MINUS STEARIC AND
POLYUNSATURATED FATTY ACIDS FOR EACH DIET

% Total Daily Calories
From Fatty Acilds

1 5 % Total Calories

Diet S P From Fat
Mixed Fat 8.4 7.0 34,4
Sunflower 0il 3.0 23.2 34,9

Lard 10.1 b, 7 36.7

1. Total saturated fatty acids minus stearic.

2. Total polyunsaturated fatty acilds.




TABLE 15

OBSERVED AND PREDICTED CHANGES IN SERUM
CHOLESTEROL LEVELS (mg per 100 ml) OF
SUBJECTS FED SUNFLOWER OIL AND LARD DIETS

Diet Comparison ) Observed Change . Predicted Change1
Sunflower vs o

Stabilization -56.0 -32.4

Lard vs ' B ,
Stabilization +26.5 -+ 6.8

1. According to Keyes et al, 1965c. AC = 1.2 (24S'-AP)




58041000 mg/100 gm of oil (Lange, 1950). Piant sterols
have been fpund to inhibit the absorption of cholestérol,
but approximately 6 to 10 gm daily is the minimum amount
needed to produce a discernibie reduction in serum chol-
esterol (Keyes et al, 1974). ' This does not explain the
present results or those of lLe Blanc; The sunflower oil
used in this present study was anaiysed'and found to con-
tain 374 mg of phytosterols/100 gm of oil. |
| It may not be justified to attach too mﬁch func-
tional significance to a regression eQuation such as.
that derived by Keyes et al (1965c). Hegsted et al
(1965) has cautioned that regression equations are pri-
marily deseériptive of the information from which.they~are
derived. |

When the subjects were returned to the mixed fat
diet on Day 32, the patterns which had been observed on
fhe experimental fats were reversed (Figure 4). Se:um
total cholesterol increased 26.9’mg/100.ml,of serum
- (P 0.001) for those who had consumed the Sﬁnflower.oil
diet and decreased 23.9 mg for those who had consumed
the lard diet. In spite of this reversal in pattern of
response on the mi%ed fat diet, the value for the groupv
that had been fed the sunflower oil was significantly
lower (P '0.005) on‘Day 39 than on Day 11. Theré was
‘no difference (P 0.05), héwever, in mean serum chol-
esterol values on Day 39 and Day 11 for the group that
had been fed the lard diet. There also was no differ-

ence (P 0.05) between the two groups on Day 39.




The data from the present study confirms the
hypothesis that sunflower oll, a rich source of lino-
leic acid, is hypocholesterolemic whereas lard, a fat
with a higher proportion of palmitic acid, 1s hyper-

cholesterolemic.

2) Serum Free and Esterified Cholesterol: Free and

esterified cholesterol followed the same overall

pattern of response to diet as total serum cholestérol,
although the relationship appeared more consistent with
free cholesterol than with esterified cholesterol.
Serum free and estérified cholesterol decreasea on thé
sunflower oil diet and increased on the lard dlet.
As.in the case of serum total cholesterol, there
was a significant decrease (P¢<0.001; Appendix Tables
23 and 24) in both free and esterified cholesterol be-
tween Days 4 and 11 when the mixed fat diet was fed.
However, there was‘no»difference between the groups on
Day 4 or Day 11. The pattern of response differed for

the two test fats. There was a 24.7 mg decrease in

serum free cholesterol on the sunflower oil diet
(Tables 16 and 17) and an increase of 15.9 mg on the

lard diet. This upward trend on the lard diet was ob-

served in all subjects with the exception of B.M. whose
serum free cholesterol decreased 4.0 mg during the
third week. In spite of the marked difference in pat-

tern of response to the test fats, the levels of free

cholesterol did not differ significantly between the
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TABLE 16

SERUM FREE CHOLESTEROL OF SUB{ECTS
IN RESPONSE TO DIETARY FAT

Day'Of Experiment

2

Subject b 112 18 25, 32 39
: mg Free -Cholesterol/100 ml Serum

J.B.g 75.2  66.6 59.8 53.0 . L46.% - 70.6

H.P.3 72.1 59.0 51.0 1.5 35.1 - Ly, 6

R.R.3 76. 68.6 68.3 60.9 55.4 61.5

R.L. 107.2 103.2 82.3 72.6 62.0 83.7

Group Mean 82.7 . T4.4 65.4 57.0 bg.7 65.1

J.G.ﬁ 62.2 51.5 57.9 60.2 66.7 54.7

R.M., 78.6 66.6 75.9 80.1 79.6 66.4

T.B.u 64.0 53.6 59.5 69.2 78.5 66.1

B.M. 68.0 55.5 61.5 69.8 65.8 58.9
" Group Mean | '68.2 56.8 63.7 69.8 72.7 61.5
. 1.‘ Mean of Duplicéte Analyses.

2. Days on which Dietary Regimen was changed.;

3. Subject on Sunflower 011 Diet. '

4. Subject on Lard Diet.




CHANGES IN SERUM FREE CHOLESTEROL

TABLE 17

IN RESPONSE TO DIETARY FAT

Mixed Fat

Experimental Period

+ 3.1

Lard or Sunflower Oil Diet - Mixed Fat

Day 4 Day 11 Day 18 Day 25 Day 32
Subject vs 11 vs 18 vs 25 vs 32 vs 39
_ mg Free Cholesterol/100 ml Serum
7.8.1 - 8.6 - 6.8 - 6.8 - 6.6 4242
H.p.t -13.1 - 8.0 - 9.5 -10.4 + 9.5
R.R.1 - 7.8 - 0.6 - 7.4 - 5.4 6.1
Rr.L.1 -0 -20.9 - 9.7  -10.6 +21.7
Group Mean - 8.4 - 9.1 - 8.4 - 8.2 +15.4
3.6.2 -10.7 + 6.4 + 2.3 + 6.5 -12.0
R.M.2 -12.0 +9. + 4.2 + 0.5 +13.2
T.B.2 -10.14 + 5.9 + 9.7 + 9.3 -12.14
B.M.2 - 2.5 +6.0  +8.3 - ko0 - 6.9
Group Mean -11.4 + 6.9 + 6.1

-11.1

1. Subject on Sunflower Oil Diet.

2. Subject on Lard Diet.
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subjects fed lard and those fed sunflower oil. However, f;fﬁ
there were significant changes in free cholesterol with

time (P<0.001). Failure to find a difference between

the groups may be attributed to the fact that the mean

serum free cholesterol values for the group fed the

lard diet were lower on Day 11 and higher on Day 39
than for those fed the sunflower oil diet.
Serum esterified cholesterol levels decreased 31.3

mg/100 ml of serum (Tables 18 and 19) for subjects fed

the sunflower oil diet. Conversely, serum esterified

cholesterol increased 10.7 mg/l100 ml of serum for sub-
jects fed the lard diet. However, as mentioned
previously, the pattern of change in esterified choles-
terol was less consistent than for free cholesterol.
For example, values for R.M. and T.B. decreased 8.2 and‘
k.3 mg respectiveiy during the last two weeks on the
lard diet, whereas there was no change in serum esteri-
fied cholesterol for J.B. 1n the final week on the
sunflower oil diet.

The response in serum free and esterified choles-

terol to the mixed fat diet during the final seven days
of the study was opposite to that observed on the ex-

perimental fats. Serum free cholesterol increased

15.4 mg/100 ml for those who had consumed the sunflower
0il diet, whereas serum free cholesterol levels fell
11.1 mg/100 ml for those who had consumed the lard diet.
Esterified cholesterol levels followed a similar pat-

tern to free cholesterol. There was an increase of
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TABLE 18

ESTERIFIED CHOLESTEROL OF SUBJ%CTS
"IN RESPONSE TO DIETARY FAT

Day of Expneriment

2

Subject 4 11° 18 . 25 32 39
mg Esterified Cholesterol/100 ml Serum

J.B.% 119.0 106.6 98.3 g81.2 91.3 - 102.3
H.P.3 132.8 127.5 114.6 107.5 85.5 106.2
R.R.3 123.6 116.8 83.6 78.2 67.5 81.0
R.L. 113.1 110.7 94,2 87.2 91.4 92.3
Group Mean 122.1 115.14 97.7 91.0 83.9 95.5
J;G.ﬁ 118.4 102.5 119.7 . 120.6 130.9 102.1
R. M., 168.3 134.6 135.5  131.9 126.9 121.0
T'B'M 110.2 110.7 113.9 1i1.1 109.5% 99.2
B.M. 113.0 112.6 120.4 130.2 135.9 129.7
Group Mean 120.0 115.1 122.3 123.5 125.8 113.0

1l. Mean of Duplicate Analyses.
2. Days on which Dietary Regimen wasAchanged.
3. Subject on Sunflower 0il Diet.

4. Subject on Lard Diet.




TABLE 19

CHANGES IN SERUM ESTERIFIED
CHOLESTEROL IN RESPONSE TO DIETARY FAT

Mixed Fat

Experimental Period

Group Mean - 5.1

L.ard or Sunflower 011 Diet Mixed Fat
: Day U4 Day 11 Day 18 Day 25 Day 32
~ Subject vs 1l vs 18 - vs 25 vs 32 vs 39
mg Cholesterol/100 ml Serum v
J.B.1 -12.4 - 8.3 - 7.1 + 0.1 +11.0
n.p.1 - 5.3 -12.9 - 8.1 -12.0 +20.7
R.R.} - 6.8 -33.2 - 5.4 -10.7 +13.5
R.L.L -i2.4 _16.5 - 7.0 - 4.2 + 0.9
Group Mean - 6.7 -17.7 - 6.9 - 6.7 +11.5
7.6.2 -15.9 $17.2 4 0.9 +10.3 -28.8
R.M.2 - 3.7 = +0.9 - 3.2 - 5.0 - 5.9 -
7.B.2 - 0.5 + 3.0 - 2.6 - 1.7 -10.2
B.M.2 - 0.4 + 7.8 +9.8 + 5.7 - 6.2
+ 7:2 + 1.2 + 2-3 -12o8

1. Subject on Sunflower Oil Diet. .

2. Subject on Lard Diet.




11.5 hg/lOO ml for those who had consumed ﬁhe sunflower
oil diet and a 12.8 mg/100 ml decrease for those who
had consumed the lard diet. Although there was a trend
for the values to return to the levels that prevailed
on Day 11, the increase in serum esterified cholesterol
from Day 32 to Day 39 was not sufficient to offset the
decrease which had occurred on the éuﬁfiower 611 diet.
However, the mean serum esterified cholesterol-value on
" Day 39 of the subjects who had been fed the‘lard diet ‘
did not differ statistically ffom that on Day 11. Simi-
larly, the mean serum free cholesterol 1evels on
Day 39 approached those of Day 11 for both groupé, but
the values on Day 39 for those who had been fed lard
or sunflower oil were statistically different from
Day 11 (P< 0.005). However, there was no significant
difference between the two groups on Day 39 in either
frée or esterified cholesterol. |

Serum free and esterified chblesterol closely
followed the pattern of total serum cholesterol as
illustrated by thebféct.that the proportién of free and
esterified cholesteroi remained fairly constant within
each group throughout thebexperiment (Tables 20 and-21)
although there was considerable variation émong indi-
viduals. Free and esterified cholesterol (Tablés 20
and 21) comprised 40 and 60 percent of the totai
cholesterol, respectively, for the sunflower oil group,

and 35 and 65 percent respectively for the lard group.




TABLE 20

PERCENT FREE CHOLESTEROL
OF TOTAL SERU! CHOLESTEROL

Day of Experiment

Subject 4 11 18 25 32 39

H.P. 35.2 31.6 30.8 29.9 30.0 30.0
J.B. 38.7 38.5 37.8 36.7 33.7 40.8
R.R. 38.1 37.0 4.9 43.8 45,1 43,2
R.L. 47,8 48,2 46.6 k5.7 4o.4 b7.5
Group Mean?t 50,0  38.8 40.0 39.0 37.3 40.4
J.G. ‘ 34,4 33.4 32.6 33.2 35.7 34,9
R.M. 36.2 33.1 35.9 37.8 38.6 35.4
T.B. 36.7 32.6 34,3 38.4 4i.7 39.9
B.M. 37.6 33.0 33.8 34.9 32.6 31.2
Group Mean® 36.2  33.0 34,2 36.1 37.2 35. 4

1. Group on Sunflower 0il Diet.

2. Group on Lard Diet.




TABLE 21

PERCENT ESTERIFIED CHOLESTEROL
OF TOTAL SERUM CHOLESTEROL

Day of Experiment

Subject y 11 .18 25 32 39

H.P. 64.8  69.4 69.2 70.1 70.0 70.0
J.B. 62.3 62.5 62.2 63.3 66.3 59.2
R.R. 61.9  63.0 55.1 56.2 54.9 56.5
R.L. 52.2  51.8 53.4 54,3 59.6 52.5
Group Mean! 60.3  61.7 60.0 61.0 . 62.7 59.6
J.G, 5.6 65.6 67.4 66.8 64.3 65.1
R.H. 63.8  66.9 64.1 62.2 61.4 64.6
T.B. 63.3  67.4 65.7 61.56 58. 3 60.1
B.M. 62.4 67.0 66.2 65.1 67.4 68.8
Group Mean? 63.8  67.0 65.9 63.9 62.9 64.7

1. Group on Sunflower 0il Diet.

2. Group on Lard Diet.




Examination of the proportions which free and

esterified cholesterol comprised of the total serum
cholesterol for each of the subjects indicates that
esterified cholesterol comprised between 60 and 70
percent of the total cholesterol except for R.L.
where esterified chéleSterol hade ub 54 percent of the
total. Goodman (1965) has reported that cholesterol
esters account for between 66 and 80 percent of the
total serum cholesterol. _

The data of the present study subportwthe re-

ports (Goodman and Nobel, 1968; Nestel, 1970) that

there is a'rapid equilibration between'free'and.esteri—
fied cholesterol. Nestel et al (1969) found that equi¥
libration between plasma free and esterified cholesterol

was complete within four days following a single intra—

venous injection of cholesterbl—ﬂfluc complexed with

plasma lipoprotein. Nestel (1970) has estimated that

the turnover of esterified cholestefol in the plasma
is about 100 mg per hour with the plasma beingvthe

major site of cholesterol ester formation.b

3) Turnover of Plasma Cholesterbl: The turnover of

plasma cholesterol in responseAto changes in dlet was
monitored by measuring the rate of disappearance of
tritium-labelled cholesterol from the plasha. The
mean decrease in 3H-—'cholesterol on the mixed fat diet

(Days 4—10) was similar for the four subjegts who




eventually consumed the sunflower oil diet and for
those who eventually consumed the lard diet (Figure 5,
Table 22). However, there was an appreciable differ-

3H-cholesterol

ence in the rate of decrease of
(P<0.001, Appendix Table 25) for the two groups when
fed the lard and sunflower oil diets. The different
responses for the two diets was evident within a week
(Figure 5, Table 22). Loss of labelled cholesterol
was twice as great on the sunflower oil-diet as on the
lard diet. The marked decrease in labelled cholesterol
observed on the sunflower oil diet coincided with the
appreciab}e decrease in serum cholesterol oﬁ this diet.
Similarly, the much lower decrease in cholesterol turn--
over on -the lard diet relative to that on the sunflower
oil diet coincided with the increase in serum choles-
terol on this diet. }The level of labelled cholesterol
(dpm/ml serum) was significantly lower on Day 32 for
the group fed the sunflower oil diet than the group:fed
the lard diet. However, there was ﬁo difference be-
tween the two groups on Day 39 after they had been fed
the mixed fat diet for seven days. "
Specific activity of cholesterol in the serum
(Table 23, Figure 6 and Appendix Table 26) was similar
for both groups. The fact that there was no obvious
change in the slope of the specific activity-time res-
ponse curve to changes in dietary fat source in the

present study, whereas plasma cholesterol levels and
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TABLE 22

DPM IN 1 ml OF SERUNM OF SUBJEGTS
TN RESPONSE TO DIETARY PAT™

Day of Experiment

Subject 4 11° 18 25 322 39
3.B.3 1276 10814 749 599 540 578
H.P.3 488 462 299 269 234 251
R.R.3 1059 799 567 440 393 513
R.L.3 1296 1028 653 534 430  A4o
Group Mean 1030 843 567 L61 399 421
5.6t 87 662 607 520 - 508 515
R.M.u 1028 817 776 670 589 503
r.8. 0 591 uho 415 370 339 270
'B.m." 1397 1170 1020 849 776 634

Group Mean 966 772 705 602 553 56

1. Mean of Dupllcate Analyses.
2. Days on which diet was changed.
3. Subject on Sunflower 01l Diet.

k., Subject on Lard Diet.




TABLE 23

SERUM SPECIFIC ACTIVITY OF
SUBJECTS IN RESPONSE TO DIETARY FAT

Day of Experiment

Subject l 11 18 25 321 39
J.B.2 657 624 471 515 390 640
H.p.2 238 248 181 181 194 166
R.R. % 530 431 373 316 320 304
R.L. 2 578 478 370 334 277 250
Group Mean 501 hhs 349 312 295 340
J.c.3 469 430 343 290 257 270"
R.M. 3 472 406 367 316 285 268
T.B.3 339 268 240 206 181 167
B. 1. > 772 696 561 430 385 337
Group Mean 513 450 377 311 277 261
1. Days on which diet was chanpged.

2. Subject on Sunflower 0il Diet._

3. Subject on Lard Diet.
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the level of labelled cholesterol differed aopreciably
between the dietary treatments when the lard and sun-
flower oil diets were fed, indicates that there was a
difference in the rate of turnover of plasma cholester-
ol on the two test diets. Thus, lard and sunflower oil
appear to differ appreciably in their effects on the
rate of excretion of cholesterol or on the distribution
of cholesterol between the plasma and other tissue
pools.. Furthermore, the results of the présent study
suggest that dietary fat source had.no effect on the
rate of synthesis of cholesterol because the.slopes of
the specific activity-~-time curves were'essentially the
same (Figure 6). A downward deflection in the slope

of the specific activity-time curve (Figure 1) in res-
ponse to diet would reflect an increase in total body
cholesterol as a result of increased exogenous choles-
terol synthesis or increased absorptién of exogenous
‘cholesterol. An upwérd deflection in the siope of the
specific activity-time curve would suggest a decrease
~in the rate of endogenous synthesis or a decrease in
the absorption of exogenous cholesterol. The litera-
ture is inconclusive on the effect of dietary fat.on
cholesterol synthesis. Grundy and Ahrens (1966)

found a translent upward deflection in the slope of

the specific activity-time curve for vlasma cholesterol
when a butter oil diet was followed by a diet rich in

corn oil. However, the same authors (Grundy and Ahrens,
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1970) also have reported no change in the slope of the’
cufve when a diet rich in butter oll was followed by a
diet rich in corn oil.

Body cholesterol is generally regarded as con-
forming to a model involving two pools; a pool of
rapidly equilibrating cholesterol (Pool A) and one which
exchanges more slowly (Pool B). Entry into and exit
from the system occurs primarily through Pool A. On the
basis'of the two pool system, it 1s possible to postu-
late various mechanisms by which sunflower oil and lard
could induce the effects observed in the present study.

Pool A was found to decrease on the sunflower oil
diet as indicated by the decrease in the concentration
of serum cholesterol. There are several means by which
sunflowef 011 may effect this change. The size of
Pool A may be decreased because of lncreased excretion
of cholesterol (Figure 7.1l). Since the exchange bé-
tween Pool A and Pool B is relatively siow, equilibrium
between the two may take up to three to four weeks.
Alternatively, sunflower oil may bring about a decrease
in the size of Pool A through an increased transfer of
cholesterol from Pool A into Pool B (Figure 7.2a), or a
decrease in the rate of transfer of cholesterol from
Pool B into Pool A (Figure 7.2b). Pool A also may be
decreased in size due to a decrease in the rate of
cholesterol synthesis or a decrease in the rate of ab-

sorption of cholesterol. However, these latter two
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Figure 7: Possible mechanisms'by which sun-

flower oil may effect changes in
the amount of cholesterol in pool A
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possibilities would bring about a change in the specific”
activity-~time curve. As there was no change in the slope
of the specific activity-time curve in the present study,
it can be concluded that the rate of synthesis and ab-
sorption were not affected appreciably by dietary fat
source. |

Lard was found to bring about an increase in the
size of PoolvA in the present study, as evidenced by the
increase in plasma cholesterol concentration. This
hypercholesterolemic effect may be brought about because
the execretion of cholesterol.from Pool A was reduced
(Figure 8.1). Alternatively, lard may disrupt the equil-
ibrium between Pool A and Pool B (Figure 8.2a) in a
manner similar but opposite to that produced by sunflower
0oil. A third possibility, as in the case of sunflower
oil, is that absorbtion of, and synthesis of, cholesterol
may be changed. However, as mentioned previously, this
possibility is ruled out by the fact that there was no
change in the slope of the specific activity-time curves
in response to changes in dietary fat source.

At the present time, it is only possible to specu—'
late on which of these mechanisms was operating. Analysis
of the fecal lipidsl should help to resolve the mechanisms.
However, if the changes in serum cholesterol levels in

response to diets in the present study are found to be due

Quantitation of the fecal lipids is the responsibility of
Mr., Gary Sloan, Masters' candidate in the Department of
Foods & Nutrition, University of Manitoba, Winnipeg,
Manitoba.
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Figure 8: Possible mechanisms by which lard
may effect changes in the amount
of cholesterol in pool A.
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to redistribution between'Pool A and Pool B, it will not,
be possible from the data gathered in thils study to de-
termine the mechanism by which the new equilibrium
between Pool A and Pool B is established. E#en if the
rate of excretion of cholesterol and its metabolites is
found to change in response to a change in dietary fat
source, there is also the possibility that a change in
the rate of exchange of cholesterol between Pool A and

Pool B also had occurred.

C. EFFECT OF DIET ON SERUM TRIGLYCERIDES

Serum triglycerides decreased significantly
(P<0.001, Appendix Table 27) during the stabilization period
(Days 4-10) when the mixed fat diet was fed. A decrease of
14.2 mg/100 ml was observed for the group subseguently fed
the lard diet and a decrease of 8.2 mg for those who went onto
the sunflower oil diet (Figure 9, Table 2), Although the
decrease in serum triglycerides was statistically significant,
there was no difference among the two groups on either Day 4
or Day 11. Serum triglycerides continued to decrease for the
subjects fed the sunflower oll diet. A decline of 19.4 mg
percent was observed during the first week (Table 25) with
decréases of 7.9 and 9.0 mg respectively in the next two
weeks. A substantial portion of the decrease between Days 11
and 18 was due to the 53.8 mg decrease of serum triglycerides
for H.P. When the study was commenced, this subject had
higher serum triglycerides (151.3 mg percent) than the other

subjects. He also was overwelght on the basis of weight for
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TABLE 24

SERUM TRIGLYCERIDES OF 1
SUBJECTS TN RESPONSE TO DIETARY FAT®

Day of Exveriment ‘
Subject ! - 11° 18 25 322 39

meg Triglyceride/100 ml Serum

3.B.3 127.7  120.2  108,3 93.9 84,2  122.0
H.P.3 151.3 145.4 91.6 89.5 87.3 113.3
R.R.3 118.2 106.8 98.4 92.2 80.0 101.0
R.L. 101.4 93.1 89.4 80.5 68.2 87.6
Group Mean 124.7 116.4 96.9 86.5 - 77.4

3.6, o4.1  90.0  97.0  98.5  99.7  97.0
R.M.q 141.2 125.7 135.6 136.8 135.3 131.6
T.B.u 115.4 102.7 106.4 110.9 116.2 112.8
B.M. 115.9. 90.0 101.7 100.0 97.8 96.6
Group Mean . 116.6 102.1 110.2 111.6 11i2.3 109.5
1. Mean of Duplicate Analyses.

2. Days on which Dietary Regimen was changed.

3. Subject on Sunflower 0il Diet.

B, Subjeect on Lard Diet.




TABLE 25

CHANGES IN SERUM TRIGLYCERIDES
IN RESPONSE TO DIETARY FAT

Experimental Period

Mixed Fat Sunflower 0il or Lard Diet Mixed Pat
Day &4 Day 11 Day 18 Day 25 Day 32
Subject vs 11 vs 18 vs 25 vs 32 vs 39

mg Triglyceride/100 ml Serum

J..t ~ 7.5 ~11.9. ~14.4 - 9.7 +37.8
H.p. ! - 5.9 -53.8 - 2.1 - 2.2 +26.0
R.R.} ~11.4 - 8.4 - 6.2 ~12.0 +21.0
R.L.% - 8.3 - 3.7 - 8.9 -12.3 +19.4
Group HMean - 8.2 -19.4 -'7.9 - 9.0 +26.0
J.G.2 -4 + 7.0 + 1.5 + 1.2 - 2.7
R.M, 2 -15.5 + 9.9 + 1.2 + 1.5 - 3.7
T.B.°2 -12.7 + 3.7 + 4.5 + 5.3 - 3.4
B.1. 2 -25.9 +11.7 - 0.3 - 2.2 - 1.2
Group Mean ~14.5 + 8.1 + 1.7 + 1.5 - 2.7

1. Subject on Sunflower 0il Diet.

2. Subject on Lard Diet.




height (Guthrie, 1971). Although H.P. lost 3.6 kgm, and
Albrink (1973) has stated that weight loss can result in a re-
duction in elevated serum triglyceride levels due to obesity,
the observed decrease cannot be attributed only to weight

loss. Weight loss occurred throughout the experiment whereas

the major loss in serum triglycerides occurred during the
first week on the sunflower bil diet. Fufthermore, H.P. re-
acted in the same manner as the other subjects during the
post-expefimental period when the mixed fat diet was fed

-(Days 32 to 39). The mean increase in serum triglycerides for

the sunflower  oil group was 26 mg/100 ml, and the increase in
serum triglycerides for H.P. also was 26 mg.

By contrast, serum triglycerides increased 8.4 mg/
100 ml'of serum during the first week on the lard diet, and
had a tendency to plateau at this level (Tables 24 and 25).
When the mixed fat diet was refed serum triglycerides de-
creased slightly (2.7 mg/100 ml). -This difference in the
pattern of response, the slight ingrease in serum triglycer-
ides on the lard diet and the decrease on the sunflower'oil

diet, was real as indicated by the significant diet x day

interaction (Appendix Table 27).
Grande et al (1972) have suggested that saturated

fats of fewer than 12 carbon atoms and stearic acid, which

Keyes et al (1965c) found had little effect on serum choles—
terol, elevate serum triglycerides. The sunflower oil diet
contained 8.8 percent less stearic acid than the mixed fat

diet. In addition, the mixed fat diet included 20 gm of

Jbutter oil which would contribute a small proportion of short




-and medium chain fatty acids but these were not resolved by'
the analysis'procedurevused In this study. Hence a decrease
of serum triglycerides would be expected on the sunflower oil
diet. However, the lard dlet contained only 2.5 percent more
stearic acid than the mixed fat diet and, hence, the change
in fatty acid composition does not explain thé 11.3 mg in-
crease observed on the lard diet.

On the basis of the present investigation, sunflower
0il brought about a significant (P< 0.001) decrease in serum
triglycerides, whereas lard was associated with a slight but
significant (P< 0.001) increase in serum triglycerides when

these fats are fed at 40 percent of total calories.

D. EFFECT OF DIET ON SERUM LIPID PHOSPHORUS

The response of serum lipid phosphorus to diet.
(Figure 10) tended to parallel changes in serum total choles-
terol (Figure 4). Serum lipid phosphorus decreased 0.5 mg
from Day 4 to Day 10 of the stabilization period when the
mixed fat diet was fed (P<0.025, Appendix Table‘28). This
downward trend céntinued for‘the subjects fed the Sunflower'
oil diet (Table 26), with decreases of 0.7, 0.6 ahd 0.3 mg/
100 ml of serum. For those on the lard diet, serum lipid
phosphorus values increased during the first week and then
tended to plateau (Figure 10, Table 26). During the final
week of the study when the mixed fat diet was agaln fed,
serum lipid phosphorus values ihcreased 0.9 mg/100 ml of
serum for the subjects who had been fed the sunflower oil

.diet and decreased 1.0 mg/100 ml of serum for the subjects

92.
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TABLE 26

SERUM LIPID PHOSPHORUS OF 1
SUBJECTS IN RFSPONSE TO DIETARY PAT

Day of Experiment

2

Subject y 112 18 25 32 39
mg Lipid Phosphorus/100 ml Serum
J.B.g 6.7 6.4 6.3 5.4 4.6 5.2
H,P.3 5.6 5.5 4.7 4.6 b,y " 6.5
R.R.3 6.2 6.1 5.3 b6 4,9 5.0
R.L. 6.2 6.1 5.1 4.5 4,5 5.3
Group Mean 6.2 6.0 5.3 4.8 4.6 5.1
ALipid
Phosphorus ~0.2 -0.7 -0.5 -0.2 +0.8
3.c. 5.7 5.5 5.9 6.2~ 6.2 55 .
RcM.u 7.2 6-1 708 7-6 7-”’ 6.0 ‘
T.B., 6.3 5.9 6.1 6.4 7.2 5.8 !
B.M. 7.4 6.4 7.6 7.7 7.6 7.1 !
‘Group Mean 6.7 6.0 6.8 7.0 7.1 6.1
ALipid 5 '
Phosphorus -0.7 +0.8 +0.1 +0.1 -1.0

1. Mean of Duplicate Analyses.
2. Days on which diet was changed.

3. Subject on Sunflower 0il1 Diet.

4, Subject on Lard Diet.

5. Expfessed as difference of preceding day.




who had been fed the lafd diet. Although the values obtained
on Day 39 approached those of Day 11 with both groups, serum
lipid phosphorus levels were different on Day 11 and Day 39
(P<0.005). However, there was no statistical difference be-
tween the two groups on Day 39.

| The résults of the present study agree with those
of Connor et al (1969) and McGandy et al (1970) who found
that changes in lipid'phosphorus in response to dietary fat
were similar to those of serum cholesterol. ' Losier (1972)
observed the same pattern, although she found that the res-
ponse in serum 1lipid phosphorus lagged behind that of

cholesterol.

E. EFFECT OF DIET-ON PHOSPHOLIPID FATTY ACID PATTERNS

The fatty acid patterns for the serum phospholipid
fraction precipitated from acetone are giveh in Table 27 for
the group fed the lard diet and in Table 28 for those on the
sunflower oil dietf.. There was very little change in the
fatty acid patterns of the phospholipid in response to the
lard diet. Even the changes in the phospholipid fatty acid
patterns observed on the sunflower oil diet were.small con-
sidering that this diet provided 47 perceﬁt more linoleic
acid than the mixed fat diet (Table 13). The linoleic acid
of the phospholipids Increased slightly‘on the sunflower oil

diet. The change was rapid as it occurred during the first

week on this diet with little change in the ensuing two weeks.

During the post-experimental mixed fat period (Days 32 to 39),

there was a tendency for linoleic acid to return to the values



TABLE 27

PERCENT FATTY ACID COMPOSITION OF SERUM PHOSPHOLIPIDS
OF GROUP OF SUBJECTS FED LARD DIET

1

Day of Experiment

Fatty Acld - 5y 12° 18 . 25  32° 39

Myristic, C14:03 2.0 2.1 3.0 0.9 1.3 1.2
Pentadecanolce, C15:0 - l.2 1.1 0.9 0.3 6.9 1.0
Palmitic, C16:0 30.1 28.5 31.6 29.6 31.7 26.8
Palmitolelc, C16:1 . 1.7 2.0 2.7 1.2 1.0 1.5
Heptadeconoic, C17:0 1.1 1.2 0.7 0.5 0.5 0.9
Stearic, C18:0 - 17.2 16.6 17.2 18.8 17.6 16.7
Oleic, C18:1 13.4 13.9 14.6 12.8 13.5 13.1
Linoleic, C18:2 24,5 25,2 22.5 26.7 23.1 25.8
Eicosatrienoic, C20:3 1.6 1.9 1.0 2.0 1.9 2.1
Arachidonic, C20:4 6.6 6.3 5.1 6.7 6.2 7.6

1. Mean of four subjects.
2. Days'on which Dletary Regimen was changed.

‘3. Carbon number: number of double_bonds.
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TABLE 28

PERCENT FATTY ACID COMPOSITION OF SERUM PHOSPHOLIPIDS1
OF GROUP OF SUBJECTS FEDN SUNFLOWER OIL DIET

Day of Experiment

2

Fatty Acid I 112 18 25 32 39

Myristic, C14:03 . . 1.9 2.1 2.1 1.5 0.8 1.0
Pentadeconoic, C15:0 1.1 1.2 0.8 0.8 0.5 0.7
Palmitic, C16:0 29.2 28.8 27.0 27.3 26.3 29.8
" Palmitolelc, C16:1 1.4 1.4 0.8 1.1 0.7 1.2
Heptadeconoic, C17:0 0.9 1.5 0.6 0.3 0.7 0.5
Stearic, C18:0 ‘ 17.2  16.2 17.9 18.3 18.2 16.1
Oleic, C18:1 14.7  13.9 10.3 9.8 9.7 13.6
Linoleic, C18:2 23.6 25.5 33.1 32.1 33.6 28.5
Elcosatrienoic, C20:3 1.7 1.7 0.4 1.3 1.1 1.3
Arachidonic, C20:4 7.3 6.4 6.4 7.0 7.9. 6.8

l. Mean of four subjects.
2. Days on which Dietary Regimen was changed.

3. Carbon number: number of double bonds.
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observed on Day 11.

The small changes exhibited in the phosvholipid
fatty acid patterns appear to parallel the changes in fatty
acid composition of the diet. The data also suggest that
the turnover of fatty acids in'thé phosphblipid fraction of

. the serum is rapid. Ahrens et al (1957) found only small
changes in the fatty acld patterns of the phospholipids when
‘the customary diet of men was replaced by corn oil or menha-
den o0il. These authoré concluded that serum phospholipids
had_the most stable fatty écid pattefns bf any of the serum

lipid components.

F. EFFECT OF DIETARY PROTEIN SOURCE ON SERUM LIPIDS

’ The éffects of dietary protein source on serum lipid
levels in man is poorly understood. In the present study, the
effects of SubStituting beef protein on a nitrogen equivalence
basis for soy protein was studied during thé post-experimental
period (Days 32 to 39) when the mixed fat diet was again fed.
Four éubjects, two of whom had been fed each of the experi-
mental fats, were éssignéd to the beef diet while fhe other
four received the regular mixed fat-soy protein diet fed
dﬁring the stabilization period.

There was no evidence in the present study that pro-
tein‘source had any appreciable effect on the blood parameters
measured (Appendix Tables 22, 23, 24, 27 and 28). Meén éerum
cholesterol levels were slightly higher on the soy diet than
on the beef diet (Téble 29), but the difference between the

.two groups was not statistically significant (P>0.05). A
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MEAN RESPONSE IN SERUM CHOLESTEROL TO DIETARY PROTEIN SOURCE

Serum Cholesterol (mg/100 ml)

Lard Sunflower Xy
Beef - b1 + 20 5
- 20 + 23
Soy . =23 + 35 .
- 13 + 30 7

Xy - 24 + 27




similar trend was.obéerved in serum triglycerides. ‘Serum tri-
glycerides were somewhat higher on the soy diet than on.the
beef protein diet (Table 30) but, again, the différence was
not significant. Serum lipid phosphorus levels, on the other
hand, were slightly higher on the beef protein diet than on
the soy diet (Table 31) but, as with serum cholesterol and
serum triglycerides, the groups did not differ statistically
(P>0.05). - |

The results of the present study suggest that profein_
source had no effect on serum cholesterol 1ev¢ls. However,
the amount of beef and soy consumed was small. Of the total
- protein supplied by the diet, beef and soy comprised 14.1 per-
cent (9.3 gm of protein daily) on Menu I and.16.9 percent
(12.1 gm of protein daily) on Menu II. The dietbalso con-
tained protein from egg albumin (15.8 percent) and skim milk |
(18.8 percent). Thus, on the beef diet, animal protein pro-
vided nearly 50 bercent of the total protein intake, Qhereas,‘
on the soy diet, animal protein supplied 34.6 percent bf the
total. It is possible that the 15.4 percent extra animal
protein may have been insufficlent to effect changes in serum
lipids. Furthermore, the effect of protein source Was
studied over just a seven-day period in the present experiment.
This time may have been too short for any effects of protein
source on serum lipids.to be observed. Rabbits have to be fed
a particular protein for three weeks before any effect on
serum cholesterol is observed (Huff, 1975) ; serum cholesterol
was found.to be lower in the rabbit when the protein source

was of plant origin (Carroll and Hamilton, 1975). However,




+ TABLE 30

MEAN RESPONSE OF SERUM TRIGLYCERIDES
TO DIETARY PROTEIN SQURCE

Serum Triglycerides (mg/100 ml)

Lard . Sunflower XH
Beef _ -3 + 21 +

- & + 19 9.
Soy - 4 + 39 + S

-1 + 26 : 15

|

+ 26

5 .
S
{
W




MEAN RESPONSE IN SERUM LIPID PHOSPHQRUS

TABLE

31

TO DIETARY PROTEIN SOQURCE

Serum Lipid Phosphorus (mg/100 ml)
Lard Sunflower 'fu
Beef -0.7 +0.1
~1.4 +0.8 -0.3
Soy -1.4 +0.6
"005 +2cl -0.8
X -1.0 +0.9




Anderson et al (1971) conducted a 28-daj study on the effects
of dietary protein source on serum lipid levels in man and
found no signifiéant differences in serum cholesterol when
vegetable proteins were substituted for animal proteins.
Anderson et _al (1971) also investigated the effects of dietary
protein on serum triglyceride and phospholipid patterns. They
found that serum triglycerides were somewhat higher in men fed
animal protein than those fed vegetable protein although the |
differences were not statistically significant. These authors
also found a small but significant increase in serum lipid
phosphorus levels when men were fed a vegetable protein diet
rather than animal protein.

The evidence on hand in the present study indicates
that the level of beef or soy provided in the diet has no

effect on serum lipid levels.

G. GENERAL DISCUSSION

The present study has shown that source of dietafy
fat has an appreciable effect on serum lipid levels. Substi-
tution of a mixture of dietary fats, representative of the
average Canadian consumption, by sunflower oil resulted in a
significént decrease (P< 0.001) in serum cholesterol, whereas
replacement of the mixed fat by lard resulted in an increase
(P<0.001) in serum cholesterol values.b

Serum cholesterol decreased 15 mg/100 ml during the
stabilization period when the mixed fat diet was fed (Days &4
to 10). Similar observations have been reported by Lake

(1975), King (1974) and Le Blanc (1973), when analagous fat

Uidé:m”m
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mixtufes were fed. However, the magnitude of change varied.f | fogﬁ
King (1974) reported a decrease of 13 mg/100 ml during a ten-

day period while Le Blanc (1973) and Lake (1975) reported

decreases of 29 and 32 mg/100 ml, respectively. Thé decrease

in serum cholesterol observed on the mixed fat diet continued

when sunflower oil was the sole source of added dietary fat.
There was a decrease of 56 mg/100 ml of serum when sunflower
011 was fed during the 21-day experimental period. Converse-=
1y, serum cholesterol increased 26 mg/lOO ml for the subjects

fed the lard diet. The patterns observed on the sunflower

v' 0il and lard diets were reversed when the mixéd fat diet was
again fed (Days 32 to 39). ‘ '
| Ahrens et al (1957a), Keyes et al (1957a) and

Koranyi et al (1961) also reported increases in serum choles-
~terol when diets rich in lard were fed. Similarl&, Suzuki et
al (1963) fouﬁd that serum chdlesterol levels were increased
by 18 percent when 60 gm of lard Was fed to girls for seven
days, which was slightly higher than the increase of 13 per-
~cent observed in the present study. The fatty acids respon-

sible for the hypercholesterolemic effect of dietary fat are

thought to be lauric, myristic and palmitic acids (Xeyes et
al 1965c), and, hence, the higher amount of palmitic acid

in the lard diet, when compared to the mixed fat diet, may be

regarded as the hypercholesterolemic factor. Stearic acid
(Keyes et al, 1965c), monoenoic fatty acidé (Keyes et _al,

1958) and medium chain saturated fatty acids (Gjone et al, 1972)
are not thought to affect serum cholesterol levels.

There is abundant evidence in the literature that
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polyunsaturated fatty acids lower serum cholesterol., Losier
(1972), for example, found that serum cholesterol decreased
25 percent when corn oil provided 40 percent of the dietary
célories for 21 days. This was slightly less than the é9
percent decrease observed on the sunflower oil diet in the
present study. Suzuki et al (1971) also reported a decrease
of 26 percent when sunflower oil provided 40 percent of cal-
ories in the diets of young girls, and Moore et al (1968)
found that safflower oil reduced serum cholesterol by 28 pef—
cent,

In general, saturated fats have béen found to in-
cfease serum cholesterol and polyunsaturated‘fats to decrease
Serum cholesterol, although the magnitude of response does
not appear to be directly related to the fatty acid cqmpbsi—
tion of the fat. Keyes et al (1957a) found that there was a
more marked decrease in serum cholesterol when corn'oil was
fed than when either sunflower oil or safflowef’oil were fed,
- even though the latter provided much higher levels of polyun-
v§aturated fatty acids than corn oil. Hegsted et al (1965)
vfound that the decrease in serum cholesterol was greater when
safflower oil was fed than when corn oil was fed. Cottonseed
oil, which contains more linoleic acid than corn oil but 1less
than sunflower oil, was found to decrease serum cholesterol
more than either corn oll or sunflower oil (Xeyes et al,
1957a). King (1974) and Lake (1975) found that serum choles—
terol was not significantly decreased by either high or low
erucic acid rapeseed oil or by soybean oil, although Gjone et al

(1972) found that serum cholesterol decreased when soybean oil’




provided 40 percent of the daiiy calories. On the other hand,
saturated fats are regarded as being hypercholesterolemic, al-
though Losier (1972) found that beef tallow, a fat high in
stearic acld, caused a modest reduction in serum cholesterol
levels. Hence, 1t would appear that more attention should be
focused on the source of fat in the diet because fatty acid
composition alone does not appear to account for all the
changes observed under experimental conditions.

The major changes in serum cholesterol occurred
during the first week on each of the experimental fat diets,
with changes of a iesser magnitude in the second and third
weeks. Similar observations also have been noted by Keyes
et al (1957a) and Le Blanc (1973). Serum free and esterified
cholesterol were found to follow a similar pattern to serum
total cholesterol.

There is a paucity of information on the effects of
dietary fat source on the turnover of plasma cholesterol in
the normal free-living individual. Turnover of plasma choles-
terol was monitored in the present study by measuring the
decline in radiocactivity in the plasma'of subjects who had
been infused with 50 miecrocuries of 3H-cholesterol 32 days’
prior to commencing_the study. The decline in radiocactivity
per millilitre of serum was approximately twice as great on
the sunflower oil diet as on the lard diet. Wood et al
(1966) also have reported a more rapid decline in labelled-
cholesterol in the plasma when a diet high in polyunsaturated
fats replaced a diet high in saturated fats. However, there

.was no difference among the fat sources in the rate of decline




of specific activity in the present study. The fact that
the slope of labelléd plasma cholesterol declined more
rapidly on the sunflower o0il diet than oﬁvthe lard diet,
whereas the slopes of the specific activity-time curves
among the fats did not differ, sﬁggests that there was no
dilution of the label on the experimenﬁal diets. This im-
plies that synthesis and absorption of cholesterol remained
constant and that the turnover of plasma cholesterol dif-
fered on the two diets. Avigan & Steinberg (1965) and Moore et
al (1968) also observed no differences in the specific 
activity-time curve when diets rich in polyunsaturatedvfatty
acids were compared to those rich in saturated fatt& acids.
However, Wood et al (1966) found a greater initial fall in
the slope ofvthe specific activity-time cufve when é dietk
" rich in corn oil replaced one high in saturated fats. The
data of the present experiment and that of Avigan et al
(1965) and Moore et al (1968) indicates a difference in the
réte 6f turnover of chqlesterol in response to saturated
“and polyunsaturated fats in the diet,_although the observa-
tions of Wood gg_gl,(1966) suggests that polyunsaturated
fatty acids‘may have effects on plaéma cholesterol other
than simply altering the rate of turnover.

| Serum lipid phosphorus and serum triglycerides
followed similar patterns to serum total cholesterol. Serum
triglycerides decreased considerably on the sunflower oil
diet, an observation also noted by Kishyakovskaya et al

(1973). A slight, but significant, increase in serum tri-
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glycerides wés observed 6n the lard diet. Ahrens et al
(1959) also fpund that serum triglycerides increased when
lard supplied 40 percent of the calories. 1In fact, Ahrens.
et _al (1959) found that increases in serum triglycerides.
were greater when lard was fed than when beef tallow was
fed. Losier (1972), on the other hand, found no change in
serum triglycerides on a diet rich in beef tallow.

Determination of the fatty acid content of the

serum phospholipids indicated that the fatty acid patterns

were not markedly influenced by‘dietary fat source. This

is in contrast to the observations by King (1974) and Le-
Blanc (1973)‘Wh6 found that the fafty'acid patterns of the
serum phospholipids reflected changes in fatty acid compoSif
tion when high and low erucic acid rapeseed oils'were~
substituted for mixed fat in diets similar to those used in
the present study. |

Fidanza (1972) has stated that epidemiological
studies have showﬁ that the type and amounts of fat are im-
portant factors in the present epidemic of coronary‘heart

disease. Although epidemiological studies have confirmed

the relationship betwgen the development of coronary heart
disease and the antecedént level of serum cholesterol,'there

has been little success in relating level of serum cholester-

- ol to patterns of dletary practise for individuals (McGandy
et al, 1967). As Altschule (1974b) has pointed out, poly-
“unsaturated fats have increased three-fold in the average

American diet "without the slightest decrease in heart
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disease." The present study has shown that serum lipids can
be modified by dietary fat source; lard increased serum lipid.
values whereas sunflowér 0il decreased serum lipid values.
The present study, as well as previous studies conducted in

the Department of Foods & Nutrition, University of Manitoba,

together with many other studies (Xeyes et al, 1957, 1957a;
Moore et al, 1968; and Hegsted et al, 1965), have shown that
Vegetable 6ils generally bring about a decrease in serum

lipid levels but the magnitude of response is not necessari-

:1y related to the polyunsaturated fatty acid contenﬁ of the
fat. On the other hand,_satufatéd'fats of animal origin may
. result in either increase or decrease in serum 1lipid levels
depending on the source of diétary fat. Beef tallow, al-
though containing a higher probortion of saturated fatty
acids thén lard, actually brought.about a decrease in serum
cholesterol levels (Losier, 1972), whereas sérum cholesterol
levels increased on the lard diet in theApresent study.
These discrepancies highlight the fact that .more atteﬁtion‘

should be given to the source of dietary fat rather than to

i1ts degree of saturation:and.that'thé recommendation for the
general public to decrease their saturated fat intake and
increase their polyunsaturated fat intake without specifying

the source is to be questioned.




SUMMARY AND CONCLUSIONS

Thevpresent study investigated the effects of lard
or sunflower oil on serum lipid patterns and cholesteroi
turno?er_in eight healthy young men when lard or sunflower
oil were fed at approximately 40 pefcent of calories. Also
included 1n the study was a prefactory 1Bok af the effect of
dietéry protein source on serum lipids. The study, a 39-day
metabolic trial, included an iﬁitial stabilization period.
when a mixed fat diet was fed, a 21-day experiﬁehtai pefiod
in which either lard or sunflower oil was fed, and a seven-
day follow-up period when the mixed fat diet again was fed.

There was a mean decrease of 15 mg/100 ml in serum -

vtotal éholesterol during the mixed fat stabilization perilod

(Days 4 to 10), and a further significant decrease of 56 mg/
100 ml over the 2l-day experimental.period when the sunflow-
er oil dlet was fed. The decrease in serum choleéterol'in
response to sunflower oil was similar to that observed by
Keyes et al (1957a) and Suzuki et al (1971) who observed
considerable decreases in serum cholesterol when sunflower
0l1l was the sole source of dietary fat. Conversely, on the

lard diet, serum cholesterol increased 26 mg/100 ml of serum,

- a response also found by Keyes et al (1957a), Koranyi et al

(1961) and Suzuki et al (1963) to diets rich in lard. The
observed change in serum total cholesterol on the lard and
sunflower oll dlets was greater than that predicted by the

equation of Keyes et al (1965c) which relates changes in
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serum cholesterol to changes in dietary fatty acid composi;:
tion. Similar discrepancies between observed and predicted
changes in serum cholesﬁerol have been noﬁéd by.Losiér
(1972), Le Blanc (1973) and King (1974). These discrepan-
cies suggest that it may not be justifiable to attéch too
much functional significance to regression equations such
as those derivedvby Keyes et al (1965¢). These findings
also suggest that attention should be focused on the source
of dietary fat rather than its fatty acid content.

| Reﬁefsion_to the mixed fat diet (Days 32 to 39)
was accompanled by a significant increase in serum total
cholesterol for the subjects ﬁhb had been on the sunflower
oil diet and a decrease in serum cholesterol for those who
had been on the lard diet.

The rather marked changes in serum total choles—
terol were accompanied by similar changes in serum free and
-esterified cholesterol. Hence, the proportions of free and
esterified Cholésterol remained relatiﬁely constant for each.
subject. Free cholesterol compfised approximately MO_per— -
cenf of the total for subjects on the sunflower oil diet
and approximately 36 percent for those on the lard diet.

Although there were slight differences, the over-

all pattern of respdnse of serum choleSterol; lipid phosphor-

" us and triglyceride levels_to_dietéry fat source was similar.

Serum levels of all three pafametefs deéfeased on.the sun?
flower oil diet and increased on fhe-lard diet. When the

mixed fat diet was refed (Days 32 to 39), the patterns of




response observed on‘the experimental fats wefeAréversed.
The response of serum lipid phosphorus during the study co-
incides with the reports of McGandy et al (1970), Le Blanc.
(1973) and King (1974) that lipid phosphérus fbllows a
similar pattern to serum cholesterol.

Examination of the fatty acid patterns of thé
serum phospholipids indicated that dietafy“fat sourée had
little effect on the fatty acid patterns of the phosphé-
lipids. A similar observation has been reported by Ahrens
et al (1957), although King (1974) and Le Blanc (1973) found
that the'fatty acid patterns of the serum phospholipids re—
flected the fatty acid patterns of the diet when high or low
eruclc acid rapeseed oil was fed. |

Little is known of the turnover of plasma Eholes;
terol in response to changes in dietary fat SOurce; Thirty-
two days prior to the étart of the study, each subject was
-Ainfused‘with}SO microcuries of tritium-labelled cholesterol
‘and the.decline of labelled cholesterol in the Serum was
monitored throughout the study. The decline of labelled
cholesterol per milliliﬁre of blood was twice as great on
the sunflower o0il diet as on the lard diet. However, there.
was no change in the slopes of the specific activity-time
curves for the two test fats. These findings suggest that
thefe was no dilution of the label on the two diets and that
syntheéis and absorption of cholesterol remained essentially
constant throughout thé study. Avigan and Steinberg (1965)

and Moore et al (1968) also found no difference in the rate




of decline in the specific activity-~time curve when dietary
‘saturated fats were replaced by poiyunsaturated fats. How-
ever, Wood et al (1966) observed a more rapid initial de-
crease in the rate of fall in plasmé cholesterol specific
activity whep a diet high in polyunsaturated fatty acids
replaced a dlet high in saturated fatty acids.

There have been variable reporps in the literature
on the effect of protein source on serum cholesterol. In
the present study, the effect of replacement of soy protein.
by an equivalent amount of beef protein was studied during
the final seven days of the study when the mixed fat diet
was again fed. Protein source was fouﬁd te have no effeet
on any of the serum lipid parameters measured. Anderson gg
al (1971) also reported'no changes in serum cholesterol or
serum triglycerides when a diet'high in animal protein. was
replaced by one high in vegetable protein, although they re-
ported a small but significant increase in serum 1ipid
phosphorus.

The results of the present study emphasize the im-
portance of dletary fat on serum lipid parameters. ThlS
study has highlighted the fact that the source of fat is an
important factor to be considered when it is desirable to
effect changes in serum lipids. The data presented herein
suggest that diets rich in lerd will increase serum lipid
levels, whereas diets rich in sunflower oil will result in a
deciine in serum lipid levels. The present study and obser-

vations of others (Losier, 1972; Le Blanc, 1973; King, 197k
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Keyes et al, 1957 and 1957a; and Hegsted et al, 1965) have
shown that fats rich in polyunsaturated fats will lower
serum lipid levels but the magnitudes of change appear to

be dependent on thé source of fat rather than the amount of

linoleic acid per se. In contrast to the present study,
Losier (1972) found that a diet rich in beef tallow, a fat
containing a greater proportion of saturated fatty acids

than lard, actually resulted in a decrease in serum choles-

terol. Hence, 1t would appear that more attention should

be focused on the actual sources of fat ih the diet because
dietary fats do not appear to effect changes in sérum 1ipids

on the basis of fatty acid composition alone.
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APPENDIX TABLE 1
CREAM OF WHEAT

175 ml water
30 gm cream of wheat
1/8 tsp salt

1. Measure salt and water into a large cereal bowl.
2. Place in microwave oven for 90 seconds.

3. Remove and stir immediately.

i, Place'in mlcrowave dven again for 90 seconds.
5. Stir.

6. Place in microwave oven again for 15 seconds.
7. Stir. Serve immediately. —

Yield: 1 serving

- 125,

Stir.




APPENDIX TABLE 2 ' :
ROLLED OATS

150 ml water

30 gm rolled oats (Robin Hood)
30 gm oil or fat mix

1/8 tsp salt

. Measure salt and water into large cereal bowls.
. Sprinkle in cereal.

. Stir. -

1
2
3
L, Place in microwave oven for 30 seconds.
5. Remove and stir.

6. Place in oven for another 60-70 seconds.
7. Serve

Yield: 1 serving




APPENDIX TABLE 3
SCRAMBLED EGG

100 gm egg albumin (reconstituted 6:1)
1 drop yellow food coloring
fat

1. Reconstitute egg albumin and water by mixing in blender
for a short time. '

2. Weigh reconstituted albumin into individual containers.
3. Put a -portion of the fat allowance in frying pén.

L, Stir oceasionally while cooking.

Yield: 1 serving




Utensil:
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ABLE 4

SPAGHETTI WITH TOMATO SAUCE

Method:

1.

1 foil container 8"x4%L"x2" for each serving

Place the following ingredients in a small saucepan:

10.0 gm
gm
gm
gm
gm
gm

gm
gm
gm
gm
gm
gm

gm

Combine ingredients, chopping large tomatoes if necessary.

liquid fat

STALEY CONSISTA STARCH
drained AYLMER canned whole tomatoes

tomato juice (
tomato paste
sliced mushroo

dehydrated oni
salt

ground oregano
dried sweet ba
black pepper
garlic powder

BONTRAE vegeta
flavour like b

Place over medium high heat.

from can of whole tomatoes)

ms (canned)
on flakes

sil leaves

ble protein crumbles with a
eef - frozen

Bring to a boil slowly

Reduce heat and simmer, stirring constantly for 10

Pour contents of saucepan into foil container.

While tomato sauce is cooling, cook the pasta.

To prepare CATELLI pasta:

Bring 500 ml water and 2 gm salt to a rolling boil
in a small saucepan.

CATELLI spaghetti pasta.

Empty conte
Rinse pasta wi

Add 50 gm (dry weight)

Cook for 10 minutes (un-
nts of saucepan into a

th cold water.

Add cooked spaghetti to cooled tomato sauce, separating
strands and mixing with the sauce.

Cool, cover (with cardboard and foil 1id), label and

3.
while stirring.
ul
minutes.
5.
6l
covered).
sieve,
8!
9-
freeze,
T0 reheat:
Preheat

oven to 325°F.

Loosen edges of foil container.
Place frozen, covered spaghetti in oven for 30

minutes,

Remove cover and serve.
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APPENDIX TABLE 5
SCALLOPED POTATOES

1 - 6% oz package Idahoan scalloped potatoes is sufficient
- for 3 servings.

(preparation time: 3-5 minutes)

Utensil: 1 foil container 5"x4"x1%" for each serving

Method:

1.
2.

.

.

N U1 =W
. *

0~
o L]

Preheat oven to 325°F (well ahead of actual preparation).

Empty contents of paper package containling dry sauce mix
into a sieve and sift out dehydrated onlons and set
aside. Keep the rest of the dry sauce mix separate.

Measure 10 gm liquid fat into a small foll contailner.
Add 20 gm dry sauce mix and stir into a paste.
Add 1 cup boiling water.

Add 2 gm dehydrated onion (sifted earlier). Stir to
disperse fat-starch mixture and dissolve large lumps.

Add 40 gm dried potatoes. Stir.
Place uncovered in oven for 40 minutes. Serve at once.
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APPENDIX TABLE 6
CHILI

Utensil: 1 small foil container 5"xU"x1%" for each serving

Method:

1. Place in a small saucepan and heat 30 gm liquid fat.
2. Saute 8 gm chopped onion until soft. .
3. Remove saucepan from heat and stir in 4 gm STALEY
CONSISTA STARCH. '
4, Add the following ingredients and replace on heat:
150.0 gm drained AYLMER canned tomatoes
25.0 gm tomato paste
25.0 gm tomato julce
25.0 gm water '
50.0 gm drained canned light red kidney beans
1.0 gm salt
0.2 gm coarsely ground pepper
2.0 gm chill powder
gm BONTRAE protein crumbles with a flavour
like beef - dried
5. Bring to a boil slowly, stirring constantly, reduce heat
and simmer (stirring constantly) for 5 minutes or until
fat has reabsorbed. '
6. Place in contalner. Allow to cool, cover, label and

freeze,

To reheat:

Thaw chili thorough%y.
Preheat oven to 3257F.
Locsen cover slightly.
Heat thawed chili for 30 minutes.
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APPENDIX TABLE 7
BEEF STEW

Utensil: 1 small foil container 5"x4"x1%" for each serving

‘Method:
1. Place the following ingredients in a small saucepan:

25 gm TVP beef chunks

100 ml tomato Juice

150 ml water
.2 gm dehydrated onion flakes
1 oxo beef cube

1/4 tsp kitchen bougquet

1/4 tsp Worcestershire sauce

2. Mix together:

30 gm liquid fat
6 gm cornstarch until smooth

3. Add starch mixture to hot hydrated TVP mixture.

4, Bring to a boil slowly, simmer for an additional 10
minutes, stirring constantly.

5. Empty contents of the saucepan into foll contalner.

6. Wailt until stew is cold, then cover with foil%, label
‘and freeze.

To reheat:

Preheat oven to 325°F.

Weight out 50 gm frozen peas¥** and 50 gm diced
carrots¥#¥

Heat frozen stew (contalner covered with foil)
for 30 minutes.

Add peas and carrots. Stir to combine.

Cook (covered) in oven for an additional 20
minutes. ‘

#¥Foil only, not cardboard 1id
#¥Rinse peas and carrots with lukewarm water to get rid of
excess 1ce and then weigh.
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APPENDIX TABLE 8
OATMEAL COOKIES

215.0 gm sifted pastry flour
3.0 gm salt
190.0 gm quick cooking rolled oats

150.0 gm liquid fat

150.0 gm brown sugar
4,5 gm baking soda
L.0 ml vanilla

50.0 ml boilling water

l. Preheat oven to 350°F.

2. Place sifted flour and salt in a large bowl and combine
well.

3. Mix in rolled oats.

4. Combine liquid fat, brown sugar and vanilla in a small
bowl.

5. Dissolve baking soda in boiling water and stir into oil
mixture. Mix well. :

6. Add wet ingredients to dry ingredients and combine well.
7. Weigh out individual cookies - 25 gm each.

8. Place on ungreased cookie sheet and flatten with a fork
into a round cookie.

9. Bake at 350°F for 15 minutes or until golden brown.

Yield: 30 cookies
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APPENDIX TABLE 9
PINEAPPLE-CARROT DELIGHT

Utensil: 1 Pyrex cake pan 8"x8"x2" (square)

Method:

1. Preheat oven to 325°F. Lightly oil and line the bottom
of the 8-inch cake pan with waxed paper and set aside.

2. Place the following ingredients in a large mixing bowl:

140 gm sifted all purpose flour (sift before
weighing)
8 gm double acting baking powder (i.e. CALUMET
or BLUE RIBBON)
3 gm salt
3 gm cinnamon

Mix together well with a spoon.

3. Reconstitute egg albumin by placing 12 gm egg albumin
in a small bowl and adding 80 ml water. Blend well with
an electric mixer.

k. When smooth add 100 gm granulated white sugar and
110 gm liquid fat. Mix at medium speed for 2 minutes or
until light.

5. Add liquid ingredients to dry and blend. When batter is
smooth add 100 gm grated raw carrots and 80 gm diced
pineapple® (canned, drained well). Blend until smooth,
and carrots and pineapple are evenly distributed.

6. Pour into prepared cake pan. Sprinkle topping even%y
over cake. Place in centre of oven and bake at 325°F
for L45-50 minutes. Cake 1s done when toothpick inserted
in the centre of cake comes out clean. Remove cake from
oven and place cake pan on a cake rack. Let cool for
5 minutes only. Run a knife around the edges of the
cake. Place a cake rack on top of the cake pan and in-
vert. Immedliately remove waxed paper. Place cake rack
on the bottom side of cake and invert so that the cake
is now right side up. Cook cake thoroughly before
cutting. »

Topping:

1. Mix together with a fork 45 gm brown sugar (golden
vellow) and 1.5 gm cinnamon.

2. Add 10 gm llquld fat and combine well.
#Pineapple - Use only pineapple which is packed in its own

juice. Do not use sweetened pineapple. Drain
well. Pat with paper towels if necessary.




APPENDIX TABLE 10

ALLOCATION OF FAT ON EXPERIMENTAL DIETS, MENU I

Lard Diet

+ 25 gm Lard
+ 10 gm Lard

+ 14 gm Lard

+ 10.5 gm Lard

25 gm Lard Spread

Breakfast

120 gm Apple Julce
Rolled Oats

100 gm Egg Albumin
1 slice Bread

Jam or Jelly
Sugar

Lunch

Scalloped Potatoes
50 gm Peas

1 slice Bread

1 fresh Pear

Dinner

Rice

50 gm Cabbage

15 gm Green Pepper
2 slices Bread

120 gm canned Peaches

Plus

150 gm Skim Milk/meal

1 Carrot-Pineapple Square

2 Oatmeal Coogkiles
1 7-Up

Sunflower 01l Dlet

+ 4+

+

4+ 6.5 gm Sunflower 01l

EN

25 gm Corn 01l Margarine

25 gm Sunflower 01l
5.16 gm Sunflower 0il

10 gm Sunflower 0il

13 gm Sunflower 01l




APPENDIX TABLE 11
ALLOCATION OF FAT ON EXPERIMENTAL DIETS, MENU II

Lard Diet Sunflower 011 Diet
Breakfast
. 120 gm Orange Juice
+ 16 gm Lard Cream of Wheat + 16 gm Sunflower 01l

+ 10 gm Lard 100 gm Egg Albumin 4+ 5.16 gm Sunflower 0il
' 1 slice Bread : ’
Jam or Jelly
Sugar

Lunch

Spaghetti with Tomato
Sauce

50 gm Lettuce + 13 gm Sunflower 0il
50 gm Tomatoes
1 slice Bread
1 fresh Apple

Dinner
Beef Stew
50 gm Peas
50 gm Carrots
+ 23 gm Lard Mashed Potatoes + 15 gm Sunflower 0Oil
75 gm Creamed Corn
2 slices Bread

120 gm canned fruit
cocktail

Plus
150 gm Skim Milk/meal

25 gm Lard Spread 25 gm Corn 0il Margarine
1 Carrot-Pineaprle Square
2 Oatmeal Cookles
1 7-Up
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APPENDIX TABLE 20 .

GENERAL INSTRUCTIONS FOR SUBJECTS ON
CHOLESTEROL TURNOVER STUDY

Meals will be served in Room 313, Home Economics
Bullding, seven days a week, at the following times
(which may be adjusted to the timetables of individual
subjects):

‘Breakfast 7:30 a.m. - 8:30 a.m.
Lunch- 11:00 a.m. - 1:30 p.m.
Dinner 5:30 p.m. - 6:30 p.m.

Remember to inform the persons preparing meals if you
expect to be early or late for lunch or dinner.

All of the food must be eaten, since 1t will have been
carefully weighed or measured. Bread is convenient for
use in "mopping up" food which may adhere to dishes.

Only food or drink served or specified by the director
of the project will be permitted. Condiments will be
provided with meals. Smoking 1s allowed. Water may be

drunk ad libitum, as may coffee or tea, so long as

nothing (e.g. sugar, milk, cream, lemon juice, etec.) is
added other than what is provided by the investigators.
Nothing else is to be consumed during the period you are
on the study.

Welgh yourself daily before breakfast. A scale and form
for recording weight will be available, An effort will
be made to maintain a constant weight for you by ad-
justing the intake of certain food items.

Blood Samples

1.

Fasting blood samples will be taken before breakfast six
times during the study (October 3rd, 10th, 17th, 24th

~and 3lst, and November T7th) in Room H504, Duff Roblin

Building.

Do not consume any food for eight hours before blood
sample is to be taken. (Clear coffee, tea or water are
permitted.) DO NOT drink coffee or smoke a cigarette
for one hour before the time blood sample is to be taken.

Collection of Feces

1.

Four three-day feces collection periods will be conducted
during the study (October 7th-9th, 14th-16th and 28th-30th,
and November Uth-6th).
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Collection of Feces (cont'd)

2. Collect all feces in the containers provided. The con-
tainers may be obtained in Room 400, Home Economics
Building.

3. All containers are color coded, each subject being
assigned a color. In addition, there will be a square
white label to be used for the collection code:

A,B,C - October Tth, 8th and 9th respectively
D,E,F - October 14th, 15th and 16th respectively
P,Q,R ~ October 28th, 29th and 30th respectively
X,Y,Z - November 4th, 5th and 6th respectively.
The subjects should fill in the collection code as re-

quired. A marking pencil will be provided for this
purpose. v

4, It is not necessary to use a new container each time
but subjects may do so if they prefer. However, sub-
Jects should begin each day's collection with a new
container.

5. Place containers (with samples) in the freezer in
Room 400, If not within reach of the Home Economics
Department, keep in as cool a place as possible.

6. During the study, subjects will be glven capsules con-
taining PEG (polyethylene glycol), which serves as a
reference point for chemical determinations.

The success of this metabolic study depends largely on you -
on your co-operation in eating all the food that you are
given (AND NOTHING ELSE) and in making careful collections
of feces. We will greatly appreciate such co-operation on
your part in carrying out this study. If you have any
questions, please don't hesitate to ask. :

Thank‘you.
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APPENDIX TABLE 21
COMPOSITION OF SCINTILLATION FLUID

;
5.0 gm PPO™

0.3 gm POPOP

1.0 1litre scintillation grade toluene

2
3

Diphenyloxazole, Amersham/Searle Corp., 2636S Clearbrook
Drive, Arlington Heights, Illinois 60005.

1,4-bis~ 2-(5-phenyl azdyl) benzene, Packard Instruments
Corp., Inc., 2200 Warrenville Road, Downers Grove,
Illinois 60515. ‘

Fisher Scientific Company, Winnipeg, Manitoba.
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