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ABSTRACT

This project was to compare the effects of consuming diets incorporating soybean oil, canola
oil, and palm oil on blood serum lipid patterns and fecal fat excretion in healthy human adults.
The project was composed of three studies that were run concurrently. Each study was
composed of a 4-day pre-trial period and two, 14-day experimental periods arranged according
to a cross-over design. During the pre trial period, subjects were allowed to eat self-selected
diets. During the experimental period, subjects were asked to cat constant, laboratory
controlled diets in which sources of dietary fat varied. Thirty healthy, young adult subjects were
fed a laboratory controlled diet incorporating soybean oil, canola oil, and palm oil. Test oils
provided approximately 20% of the total dietary calories from all sources. Total dictary fat from
all sources was approximately 30% of consumed calories. The highest serum total cholesterol,
LDL cholesterol, VLDL cholesterol, and triglyceride values occurred when palm oil diets were
caten. However, feeding on palm oil diets resulted in the same HDL cholesterol content as
with soybean oil or canola oil dicts. Soybean oil diets produced numerically lower blood serum
total cholesterol, LDL cholesterol, and triglycerides, and numerically higher HDL cholesterol
and VLDL cholesterol than did those with canola oil. Fecal fat excretion was numerically lower
with soybean oil diets than with canola oil diets. The highest fecal fat excretion occurred when
palm oil diets were eaten. (Korean J Nutrition 30(9) : 1073~1083, 1997)
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Introduction

Coronary heart disease(CHD) is one of the most
frequent causes of death in the developed and de-
veloping nations. Despite substantial success in reduc-
ing CHD mortality in the past two decades, the
discase is still responsible for more than 50,000
deaths annually in the United States. About 20% of
hospital discharges for acute CHD are for premature
discase, i. e., in patients under 55 years of age”. The

incidence of cardiovascular disease(CVD) has been in-
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creasing rapidly in Korea® and the mortality rate
from this disease reached 29.9% in 19907

Because coronary heart disease is a multifactorial
disease, many risk factors can be associated with it.
Several inherited and lifestyle factors appear to in-
fluence the risk of suffering from this disease. Those
considered to be most significant include genetic
background, cigarette smoking, sex, obesity, hyper-
cholesterolemia, hypertension, diabetes mellitus, phy-
sical inactivity, and, of course, diet”. Dietary changes
have been stressed in prevention programs because
of the theoretical causes and practices by which these

alterations can be made.
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Epidemiological studies have identified various fac-
tors associated with both the increased and decre-
ased incidence of coronary heart discase. Among
these factors, dietary practices have been among the
first considered. Positive and negative significant
correlations between coronary heart disease incid-
ence and intake of fat, carbohydrates, and protein
have been found. Because the principle component
of plaque is lipid, types and levels of dietary fat and
cholesterol were the first, and still remain the most
frequently investigated, dietary factors.

Currently, in the United States and in the world
as a whole, soybean oil is the most popular plant oil
in terms of total production and usage in human
foods. The current leadership position of soybean oil
is now being threatened by two other plant oils :
palm oil and rapeseed oils(including canola)™. Palm
oil represents the second largest volume of vegetable
oil produced in the world”. Consumption of canola
oil is being urged on the basis of health promotion
characteristics thought to be related to its high con-
centrations of oleic acid, a monounsaturated farty
acid. Concurrently, health values of plant oils like
soybean oil that are rich sources of polyunsaturated
fatty acids are being ecither dismissed or downgraded.
The objective of this project was to compare the ef-
fects of consuming diets incorporating soybean oil,
canola oil, and palm oil on blood serum lipid pat-
terns and fecal fat excretion in healthy human adults.

Materials and Methods

1. Study design

The project was composed of three studies that
were run concurrently. Each study was composed of
a 4-day pre-period and two 14-day experimental
periods arranged according to a cross-over design
(Table 1). During the pre-period, subjects were ask-
ed to keep complete collections of stools but were al-
lowed to eat self-selected diets. During the ex-
perimental periods, subjects were asked to eat con-
stant, laboratory controlled diets(Table 2) in which
source of dietary fat was varied. They also had to
continue keeping complete collections of stools and
giving fasting blood samples. Test fats provided ap-
proximately 20% of total dictary energy from all

Table 1. Experimental design

Period # Days Diet type Test fat source”
Study A
Pre- 4 Self-selected -
1 14 Laboratory controlled” Soy
2 14 Laboratory controlled  Canola
Study B
Pre- 4 Self-selected -
1 14 Laboratory controlled  Soy
2 14 Laboratory controlled  Palm
Study C
Pre- 4 Self-selected -
1 14 Laboratory controlled  Canola
2 14 Laboratory controlled ~ Palm

1) See Table 2
2) 20% of total Calories

Table 2. Basal diet

Food item Amount{g/day)
Breakfast
Orange juice 261
Milk(skim) 287
Bread"
Soybean oil 139
Canola oil 137
Palm oil 139
Lunch
Bread"
Soybean oil 139
Canola oil 137
Palm oil 139
Milk(skim) 287
Chicken soup 45
Tomato juice 249
Potato chips 37
Fruit cup(diced peaches) 29
Supper
Bread"
Soybean oil 139
Canola oil 137
Palm oil 139
Spaghettio's 214
Egg 54
Fruit punch 257
Yogurt 136

1) Bread made with soybean, canola or palm oil
Jelly and life savers are optional for calorie adjustment

sources. Total dietary fat from all sources was about
30% of total calories. Eggs were included to keep to-
tal cholesterol intake at approximately 300mg/day.
These levels met the current US. Dietary Guide-
lines/Goals. Test fats that were used in each study



were as follows : Study A-soybean oil and canola oil,
Study B-soybean oil and palm oil, Study C-palm oil
and canola oil. Test oils were incorporated into a
bread product(Table 3). The fatty acid composition
of the test oils is shown in Table 4. Soybean oil,
canola oil, or palm oil provide linoleic acid(C18 : 2),
oleic acid(C18: 1), and palmitic acid(C16: 0), res-
pectively, as their major fatry acids.

2. Subjects

Thirty healthy adult subjects participated in the
three studies. All subjects were required to eat only
food provided by the studies, preferably in the Ruth
Leverton Hall diet laboratory(one meal/day had to
be eaten there although other meals could be carried
out). Subjects maintained normal daily activities with

the exception of eating controlled diets, making com-

Table 3. Bread recipe

Ingredient Amount Method

Whole wheat flour ~ 568g Combine dry ingredients in
mixed bowl.

Unenriched flour 596g

Sugar 170g

Salt 578

Baking powder 57g

Fggs, beaten 270g Combine eggs, milk, fat.

Milk 1818g Add to dry ingredients.

Fat'(melted, cooled) 170g Mix(low speed) only until
ingredients are moistened.
Spread into greased baking pan.
Bake at 400°F., 35 minutes.

1) Soybean 0il(320 loaves) or Canola 0il(320 loaves) or
Palm 0il(320 loaves)

Table 4. Typical fatty acid composition of test oils(%)

Fatty acid Fat
Soybean oil Canola oil Palm oil

Lauric(12 : 0) - - 0.1
Myristic(14 : 0) 0.1 0.1 1.0
Palimitic(16 : 0) 10.6 4.1 44 .4
Palmitoleic(16 : 1) 0.1 0.3 0.2
Margaric(17 : 0) 0.1 0.1 0.1
Stearic(18 : 0) 4.0 1.8 4.1
Oleic(18 : 1) 23.2 60.9 39.3
Linoleic(18 : 2) 53.7 21.0 10.0
Linolenic(18 : 3) 7.6 8.8 0.4
Arachidic(20 : 0) 0.3 0.7 0.3
Gadoleic(20 : 1) - 1.0 -
Behenic(22 : 0) 03 03 0.1
Erucic(22 : 1) - 0.7 -

Linoceric(24 : 0) - 0.2

Korean J Nutrition. 30(9) : 1073~1083, 1997 /1075

plete fecal collections, and donating blood samples
during the studies. All subjects were determined to
be healthy and received medical clearance from the
University Health Services. All signed a required con-
sent form before participation. This project was re-
viewed and given approval from the University of
Nebraska Institutional Committee on Investigations

Involving Human Subjects.

3. Sample collections and laboratory analysis

Fasting blood samples were drawn at the beginn-
ing and after each experimental period in studies A,
B, and C by technicians at the University of Neb-
raska-Lincoln Health Center. Serum total cholesterol,
LDL cholesterol, HDL cholcgtcrol, VLDL cholest-
erel, triglyceride, and phospholipid contents were an-
alyzed by Roche Biomedical Laboratories, Inc., Kan-
sas City, MO. )

Complete fecal collections were made daily by
cach subject for the duration of the study. Fecal col-
lections were made in opaque polyethylene freezer
containers. Feces were divided into period lots rep-
resenting food eaten during periods by the appear-
ance of fecal dye(brilliant blue) which was given oral-
ly at the beginning of each period. Feces were weigh-
ed, composited, homogenized into period lots, and
freeze dried. Fecal fat excretion was analyzed for us-
ing the AOAC modification of the Goldfisch meth-
od for fat extraction.

4. Statistical analysis

Statistical analysis of data was completed by use of
the Statistical Analysis System(SAS). The Analysis of
Variance procedure was performed to detect possible
variation resulting from dietary treatment. To deter-
mine possible differences between mean responses,
Duncan's Multiple Range test was performed.

Results and Discussion

1. Serum lipids

Mean fasting serum lipid values are shown on
Tables 5 through 7. Mean fasting serum total cho-
lesterol concentrations for subjects consuming self-
selected, soybean oil, and canola oil diets in study A
were 186+12, 201414, and 203+ 16mg/dl, respec-
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Table 5. Mean fasting serum lipid values for humans consuming diets incorporating soybean oil and canola oil, Study A”

Serum lipids Diet treatment

(mg/dl) Pre- Soybean Canola
Total cholesterol 186+12 201414 203+16 NS?
LDL cholesterol 115+ 9 128+11 136+14 NS
HDL cholesterol 47+ 5 45+ 4 41+ 3 NS
VLDL cholesterol 24+ 6 28+ 9 26+ 6 NS
Triglyceride 121419 132423 144424 NS
Phospholipid 200+ 10 200+10 222+10 NS
1) Mean+S.E.

2) Not significant at p<0.05 by Duncan's multiple range test

Table 6. Mean fasting serum lipid values for humans consuming diets incorporating soybean oil and palm oil, Study B"

Serum lipids Diet treatment

(mg/di) Pre- Soybean Palm
Total cholesterol 184413 18116 194+ 11 NS?
LDL cholesterol 113+10 118+11 124411 NS
HDL cholesterol 49+ 7 47+ 7 47+ 6 NS
VLDL cholesterol 21+ 5 22+ 6 22+ 5 NS
Triglyceride 105+18 122418 124+19 NS
Phospholipid 231+11 238412 237 +11 NS
1) Mean+S.E.

2) Not significant at p<{0.05 by Duncan's multiple range test

Table 7. Mean fasting serum lipid values for humans consuming diets incorporating canola oil and palm oil, Study C"

Serum lipids Diet treatment

(mg/dl) Pre- Canola Palm
Total cholesterol 191418 188+20 200+16 Ns?
LDL cholesterol 120+£17 120+19 130+17 NS
HDL cholesterol 46+ 4 42+ 4 42+ 4 NS
VLDL cholesterol 25+ 4 26+ 5 27+ 5 NS
Triglyceride 126+13 133+15 137+18 NS
Phospholipid 237+16 235+18 246114 NS
1) Mean+S.E.

2) Not significant at p<0.05 by Duncan's multiple range test

tively. Total cholesterol levels in study B during self-
selected, soybean oil, and palm oil periods were 184
+13, 181+16, and 194+1lmg/dl, respectively.
These in study C during self-selected, canola oil, and
palm oil periods were 191+18, 188420, and 200+
16mg/dl, respectively. Mean serum total cholesterol
concentrations did not differ significantly among
treatments. As with mean serum total cholesterol
concentrations, highest total cholesterol occurred
when palm oil diets were eaten. Serum total cho-
lesterol concentrations were numerically lower for
soybean oil than for canola oil. Although alterations
in total cholesterol appear to be relatively small, ac-
cording to the Lipid Research Clinic's report® a 1
percent fall in total serum cholesterol(approximately
2mg/dl) is associated with a 2.4 percent decrease in

the risk of coronary heart disease. Many studies have
reported that polyunsaturated fatty acids have a hy-
pocholesterolemic effect in humans and animal mod-
els. Palm oil, which is very rich in palmitic acid, in-
creased the serum cholesterol concentration more
than safflower oil, but the degree of the elevation
was moderate compared with that of olive oil”.
Dietary fiber provided by the basal diet was lower
in this study than is customarily used in studies of
this type. In other studies conducted in this labora-
tory using considerably higher amounts of dietary fib-
er diets of canola oil produced lower serum total cho-
lesterol and lower LDL cholesterol levels than did
diets of soybean oil'”. It may be that effects of
dietary fiber on blood serum lipid levels are in-
fluenced by the degree of saturation of dietary far'®.



Mean fasting low density lipoprotein(LDL) cho-
lesterol concentrations in study A for pre-, soybean
oil, and canola oil were 115+9, 128+11, and 136
14mg/dl, respectively. In study B, LDL levels for
pre-, soybean oil, and palm oil were 113+10, 118+
11, and 124-+11mg/dl, respectively. In study C the
LDL cholesterol concentrations for pre-, canola, and
palm oil were 120+17, 120£19, and 130+£17mg/
dl, respectively. Mean low density lipoprotein(LDL)
cholesterol concentrations did not differ significantly
among treatments. As with mean serum LDL cho-
lesterol concentrations, highest LDL cholesterol lev-
els occurred with palm oil diets. Serum LDL cho-
lesterol concentrations were numerically lower for
soybean oil than for canola oil. This was also true
with serum total cholesterol concentrations.

A considerable body of experimental evidence has
shown that blood cholesterol concentration can be
modulated in individuals by alterations in the fatty
acid content of the fat in their diets'””. An increase
in saturated fatty acids in the diet in expetiments gen-
erally leads to an increase in blood total cholesterol
content and LD cholesterol. Some saturated fatty a-
cids are more effective than others'®'?, however, and
there is a marked variation among individuals in the
response observed'®. The effects of saturated fats on
plasma cholesterol are seen only with saturated fatty
acids having chain lengths of 12, 14, and 16 carbon
atoms ; all increase total cholesterol mainly by in-
creasing the concentration of LDL'. This was true
in this study.

The mechanisms whereby saturated fatty acids
raise LDL levels are not completely understood. A
strong probability, however, is that they interfere
with LDL receptor-mediated clearance of LDL".
The serum cholesterol-raising action of saturated fat-
ty acids is manifest largely in the LDL fraction.
These fatty acids generally do not raise triglyceride
concentrations, as might be expected if they were to
stimulate the synthesis of VLDL, the precursor of
LDL. Isotope-kinetic studies of LDL apolipoprotein
B-100(apoB) in humans indicate that the LDL-rais-
ing action of saturated fatty acids is due mainly to im-
paired removal of LDL from the circulation'®. In ac-
cord, in laboratory animals, diets high in saturated

fatty acids seemingly suppress LDL-receptor-medi-
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ated clearance of LDL'??. Nonetheless, saturated fat-
ty acids theoretically could act by a second mechan-
ism, namely, by enhancing synthesis of apoB-con-
taining lipoproteins. Research in humans and animals
does not yield unequivocal evidence that the only
mechanism for the increase in LDL levels is reduced
clearance through the LDL-receptor pathway. Act-
ion of saturated fatty acids on synthesis of lipopro-
tein will therefore remain a possibility until excluded
by definitive experiment.

One difficulty with the concept that saturated fatty
acids suppress the activity of LDL receptors is that
this putative action does not fit into known schemes
whereby synthesis of LDL receptors is down-re-
gulated. The major regulator of LDL-receptor syn-
thesis is the amount of cholesterol within a cell?”*?,
or, more likely, the amount of an oxygenated sterol
derived from cholesterol”®. Clearly, experimental evi-
dence shows that factors that increase the cellular
content of cholesterol, and hence oxysterols,
suppress LDL-receptor synthesis. If dietary saturated
fatty acids likewise suppress LDL-receptor synthesis,
perhaps they exert their action by redistributing cho-
lesterol among various cellular compartments to fa-
vor its inhibitory action on receptor synthesis. If this
mechanism is in operation, saturated fatty acid diets
might be expected to reduce the abundance of
mRNA for LDL receptors, as occurs with cholesterol
diets®®. A reduced mRNA for LDL cholesterol re-
ceptors was found with feeding of saturated fatty ac-

ids to baboons™

in one investigation but not in
another with African green monkeys™. Additional
rescarch, therefore, is needed to determine with cer-
tainty whether saturated fatty acids alter transcription
of the LDL-receptor gene.

An alternate mechanism for the cholesterol-raising
action of saturated fatty acids has been postulated by

29 from in vitro studies with human blood

Loscalzo
cells. The activity of the LDL receptor may be low-
ered by saturated fat if these fatty acids are in-
corporated into cell membrane phospholipids, pos-
sibly by reducing binding or internalization of cir-
culating LDI.. ;

Monounsaturated fatty acid has been considered
neutral in its influence on total cholesterol levels. All

studies nonetheless indicate that oleic acid lowers
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plasma cholesterol when substituted for palmitic acid
2 By convention, however, palmitic acid is desig-
nated a cholesterol-raising fatty acid, whereas oleic
acid is called neutral because it affects total cho-
lesterol levels similarly to the effect of carbohydrates.
If LDL-receptor activity is the prime variant, oleic
acid presumably allows for the natural expression of
receptor activity, whereas palmitic acid actively
reduces the activity. But Mattson™ and Chan® re-
ported that the experimental diets were equally ef-
fective in lowering total and LDL cholesterol and
apolipoprotein B concentration in plasma. This in-
dicates that dietary oleic acid, linoleic acid, and
linolenic acid were equally hypocholesterolemic in
normolipidemic men. Neither oleic acid nor linoleic
acid had striking effects on lipoprotein levels of hy-

pertriglyceridemic  patients®. 3

However, the Mata
study showed that a monounsaturated-rich diets res-
ulted in a less atherogenic total cholesterol and LDL
cholesterol than polyunsaturated-rich diets. There
are some unexpected and inexplicable ano-malies in
these studies, however, that need to be resolved be-
fore clear conclusions can be drawn.

For many years, linoleic "acid was considered a cho-
lesterol-lowering fatty acid. This concept grew out of
carly studies of Kinsell™” and Ahrens® which showed
that vegetable oils rich in linoleic acid lower the
serum cholesterol level when substituted for dietary
saturated fatty acids. Once the concept was establish-
ed that linoleic acid reduces total cholesterol and
LDL cholesterol concentrations, the question natura-
lly arose as to the mechanism for this action.

A mechanism whereby polyunsaturates might low-
er LDL levels is by inhibition of hepatic synthesis of
apoB-containing lipoproteins. Decreased synthesis of
VLDL-apoB, for example, would ultimately reduce
the formation of LDL apoB. High intake of po-
lyunsaturates may decrease serum triglyceride con-

% and can decrease production of

centrations
VLDL-apoB*. This change apparently occurs in
some individuals, but in many others polyunsaturates
have little or no effect on VLDL levels. LDL-low-
ering by linoleic acid, therefore, probably cannot be
due primarily to an inhibition of hepatic secretion of
VLDL particles.

Other evidence suggests that substitution of lino-

leic acid for saturated fatty acids causes an increase in
LDL-receptor activity. In accord, polyunsaturates
enhance the fractional clearance rate for LDL when
they are substituted for saturates in the diets of hu-

7)

mans®. Although some individuals may show a

reduced conversion of VLDL to LDL on polyunsa-

*¥, this too could be the result of enhanced

turates
direct removal of VLDL remnant via VLDL re-
ceptors. Studies with laboratory animals® further in-
dicate that exchange of linoleate for saturated acids
raises receptor-mediated uptake of LDL. These ob-
servations, however, do not prove that linoleic acid
actively stimulates LDL-receptor activity, analogous
to HMG CoA reductase inhibitors*”. In fact, when
linoleic acid is fed in large quantities to monkeys,
there is no evidence for an increase in mRNA abu-
ndance for LDL receptors™. The effects of linoleic
acid, therefore, could be entirely passive, which is to
say, saturated fatty acids may actively suppress ac-
tivity or function of LDL receptors by mechanisms
yet to be determined, whereas linoleic acid is neutral.,
If 5o, linoleate would have no greater effect on LDL-
receptor function than oleic acid. Ventura*” found
that both dietary fish oil and safflower oil increased
LDL receptor activity in rat livers, although fish oil
produced a greater effect than safflower oil*”. Po-
lyunsaturated fat may increase the secretion of bile a-
cids and cholesterol in bile*® thereby causing up-re-
gulation of hepatic LDL receptors.

One final mechanism for the observed effect of
dietary fat on plasma LDL must be considered. LDL
modified by oxidation is rapidly removed from the
plasma by scavenger receptors. If dietary unsaturated
fat leads to more oxidation products in LDL, more
LDL may be scavenged, which could lower the LDL
level in plasma. There is, however, no experimental
evidence for such a mechanism. To the contrary,

Drevon*?

reported that LDL from subjects sup-
plemented with fish oil or with corn oil showed sim-
ilar susceptibility to copper-catalyzed lipid perox-
idation in vitro.

The notion that linoleic acid has unique LDL-low-
ering properties was called into question by Mattson
and Grundy”. They compared three diets that were
relatively high in palmitic acid, linoleic acid, or oleic
acid. Each diet used a different fat : palm oil, high-



linoleic safflower oil, or high-oleic safflower oil.
These diets were all liquid formula dicts having 40%
of calories as fat. In this investigation, substitution of
oleic acid for palmitic acid resulted in a lowering of
LDL cholesterol levels. The LDL cholesterol con-
centration, however, was not lower on the high-
linoleate diet than on the high-oleate diet. This unex-
pected finding suggested that the unique cholesterol-
lowering property of linoleic acid may not extend to
LDL cholesterol levels. Mensink and Katan®
found that oleic acid and linoleic acid have essential-

) also

ly identical effects on LDL cholesterol levels. Two

preliminary reports*™*”

suggested the same identity
of LDL response to dietary oleic and linoleic acid. In
addition to comparisons of linoleate with oleate, stu-
dies by Brussaard™, Weisweiler, and Grundy™
have cast doubts on claims that linoleic acid is more
hypocholesterolemic than carbohydrate. Thus, lino-
leic acid may not uniquely lower the LDL cho-
lesterol level as was previously thought. The sig-
nificance of this in terms of CHD risk has been de-
bated®”. However, it appears that among all treat-
ment oils, soybean oil(high in linoleic acid, 18 : 2 n-
6) is the most capable of depressing serum total and
LDL cholesterol values and clevating serum HDL
cholesterol values at the same time. Reduced serum
total and LDL cholesterol, along with increased
HDL cholesterol, correspond to a decreased risk of
CHD.

Mean serum high density lipoprotein(HDL) cho-
lesterol levels in study A were 47+5 at pretreatment
stage, 45+ 4 with soybean oil, and 41+ 3mg/dl with
canola oil. Mean values in study B were 49+7mg/dl
at pretreatment, 47+7, with soybean oil and 47+
6mg/dl with palm oil. Mean values in study C were
46+4mg/dl at pretreatment, 42+4mg/dl with
canola oil, and 42+4mg/dl with palm oil. In this
fraction of total cholesterol, soybean oil diets result-
ed in numerically higher HDL cholesterol values
than with canola oil. Palm oil produced the same
HDL cholesterol concentration as soybean oil or
canola oil. In populations consuming diets high in sa-
turated fatty acids, levels of both LDL and HDL
tend to be high®”. In metabolic ward investigations,
HDL cholesterol concentrations typically are the
highest when the diet is rich in both total fat and sa-
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turated fatty acids™®?

. Concerning the type of sa-
turated acid, similar levels of HDL cholesterol are ob-
tained whether the predominant fatty acid is palmitic
acid or stearic acid”. A high level of HDL cho-
lesterol in populations consuming diets high in sa-
turates, nevertheless, does not protect individuals
from CHD if LDL cholesterol concentrations are
concomitantly increased®”. This is one argument that
dietary alterations of HDL levels do not modify coro-
nary risk, whether they raise or lower HDL con-
centrations. Nonetheless, even in those populations
having relatively high concentrations of both LDL
and HDL, individuals with the lowest concentration
of HDL are those at greatest risk for CHD™.

Feeding of canola oil did not lower HDL cho-
lesterol levels when substituted for palm oil in this
study. Dietary monounsaturated fatty acids do not
reduce HDL cholesterol levels when substituted for
saturated fatty acids?”. Since exchange of oleic acid
for saturated acids reduces concentrations of LDL
cholesterol, the result of this exchange is a decrease
in LDL/HDL ratio. This favorable modification of
the lipoprotein ratios theoretically should decrease
coronary risk and low rates of CHD in populations
consuming a lot of oleic acid provide support for
this concept™.

Diets of soybean oil, which is rich in linoleic acid,
resulted in higher HDL cholesterol concentrations
than did canola oil in this study. In contrast to this
study, high intake of n-6 polyunsaturates reduce

29)55)

HDL cholesterol concentrations™”. Some workers

postulate that decreased intake of polyunsaturates

*® A review of the litera-

will not evoke this change
ture suggests that HDL cholesterol levels are reduc-
ed about 1% for every 2% of total calories in which
polyunsaturated fatty acids substitute for saturated or

monounsaturated fatty acids’™*®

. In large populat-
ions, however, even a small reduction in HDL cho-
lesterol levels could produce a slight increase in
CHD risk.

Mean blood serum very low density lipoprotein
(VLDL) cholesterol concentrations in study A were
24+6, 28+9, and 264+ 6mg/dl when subjects were
fed the control, soybean oil, and canola oil diets,
respectively. Mean values obtained in study B were

21+5, 2246, and 22+ 5mg/dl with pretrial diets,
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soybean oil, and palm oil diets, respectively. Mean
values obtained in study C were 25+4, 26+5, and
27+5mg/dl for self-selected diets, canola oil, and
palm oil diets, respectively. Mean blood serum
VLDL cholesterol concentrations did not differ sig-
nificantly among treatments. Numerically lower ser-
um VLDL cholesterol values were obtained with
canola oil in comparison to the values of either soy-
bean or palm oil. In blood, VLDL is converted to
IDL, which is taken up by the liver via LDL re-
ceptors, or metabolized further to LDL, mainly by
the activity of hepatic lipase. However, it is difficule
to explain why canola oil produced relatively higher
levels of blood serum LDL cholesterol and lower lev-
cls of blood serum VLDL cholesterol. The pro-
duction of VLDL is dependent on TG synthesis in
the liver. As de novo synthesis of fatty acids in hu-
man liver is normally low, VLDL production de-
pends on the balance between influx of free fatty ac-
ids to the liver and their oxidation within the liver.
Mean serum triglyceride levels in study A were
121419, 132423, and 144+24mg/dl when sub-
jects received diets containing self-selected foods, soy-
bean oil, and canola oil, respectively. Mean values ob-
tained in study B were 105418, 122418, and 124+
19mg/dl when subjects received diets containing self-
selected foods, soybean oil, and palm oil. Mean
values obtained in study C were 126+13, 133+15,
and 137+ 18mg/d!l when subjects received diets con-
taining self-selected foods, canola oil, and palm oil,
respectively. Again, mean serum triglyceride levels
did not differ significantly among treatments. As
with mean triglyceride levels, the highest serum tri-
glyceride levels occurred with palm oil diets. Serum
triglyceride levels were numerically lower for soybean
oil than for canola oil. Diets high in oleic acid did
not increase serum TG levels in either normotrigly-
ceridemic or hypertriglyceridemic subjects, when
they are compared to saturated fatty acids'®*.
Linoleic acids have been reported to reduce serum
TG in some patients with hypertriglyceridemia®*®.
When TG lowering does occur in response to dietary
linoleic acid, perhaps high intake of n-6 polyunsat-
urates reduces hepatic synthesis of VLDL TG*, Alt-

ernativelv. serum TG conraining nolvnincatmirated far-

lipase than those high in saturated fatty acids ; this
too could account for some TG lowering.

Mean phospholipid contents of blood in study A
were 200410, 20010, and 222+ 10mg/dl with in-
take of self-selected, soybean oil, and canola oil diets,
respectively, Mean values in study B were 231+11,
238+12, and 237+ 11mg/d! for self-selected, soy-
bean oil, and palm oil diets, respectively. Mean valu-
es in study C were 237416, 235+ 18, 246+ 14mg/
dl for selfselected, cancla oil, and palm oil diets,
respectively. There were no significant differences in
phospholipid content among soybean oil, canola oil,
and palm oil diets. The reladonship between phos-
pholipids and atherosclerosis involves the transportat-
ion of cholesterol. Phospholipids aid in solubilization
of lipids in the bloodstream as components of lipo-

proteins.

2. Fat excretion

Mean fecal fat excretions for subjects are found in
Table 8. Mean fecal fat excretions for subjects con-
suming soybean oil and canola oil in study A were 8.
97+£1.98 and 9.35+1.80g/day, respectively. Mean
values for subjects consuming soybean oil and palm
oil in study B were 10.05+2.14 and 10.50+3.84g/
day, respectively. Mean values for subjects consum-
ing canola oil and palm oil in study C were 11.86-+
2.25 and 12.03+£1.80g/day, respectively. Mean fe-
cal fat excretion did not differ significantly among
treatments. As with mean fecal fat excretion, highest
fecal fat excretion occurred when palm oil diets were
caten. Fecal fat excretion was numerically lower for
soybean oil than for canola oil. This might imply
that decreases in fat absorption and/or reabsorption
of cholesterol might cause a hypocholesterolemic ef-

Table 8. Mean fecal fat excretion(g/day) for humans con-
suming diets incorporating soybean oil, canola
oil, and palm oil”

Fecal fat(g/day)

Diet treatment

Soybean Canola

Study A 8.91-:1.98 935+1.80  NS?
Soybean Palm

Study B 10.05+2.14 10.50+3.84 NS
Canola Palm

Study C 11.86+2.25 12.03+1.80 NS

1) Mean+S.E.
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fect for palm oil. However, palm oil did not produce
lower serum cholesterol values than soybean oil or
canola oil diets in the present study. It is unlikely
that absorption would cause a cholesterol lowering
effect with palm oil. However, endogenously pro-
duced cholesterol excreted in the bile is also present
in the intestine of both humans and animals. Serum
triglyceride values were higher on the palm oil diet,
which may be reflective of greater intestinal absor-
ption. Because only total, not fractionated, fat ex-
cretion was measured, it is difficult to obtain a clear
relationship between intestinal absorption and serum
lipid patterns.

In conclusion, soybean oil diets produced num-
erically lower blood serum total cholesterol, LDL
cholesterol, and triglyceride, and numerically higher
HDL cholesterol and VLDL cholesterol than did
canola oil. The highest serum total cholesterol, LDL
VLDL
values were obtained when palm oil dicts were fed.

cholesterol, cholesterol, and triglyceride
However, palm oil diets resulted in the same HDL
cholesterol content as those values achieved by soy-
bean oil or canola oil diets. Fecal fat excretion was
numerically lower for soybean oil diets than for diets
of canola oil. The highest fecal excretions were ob-
tained when palm oil diets were consumed. In gen-
eral, oils rich in polyunsaturated fatty acids produced
more favorable responses in decreasing cardiovascular
discase than did those containing large amounts of
monounsaturated or saturated fatey acids.
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