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Abstract

Phytosterols (PSs) have been recently added to various mediums. Nevertheless, matrices with functional properties, such as medium-chain
triglycerides (MCTs), should be precisely examined for supplementary advantages. The objective of this study was to identify the existence of
combined biological actions of a functional oil enriched in PSs within MCTs and high-oleic canola (HOC), relative to a control (olive oil), in
overweight, hyperlipidemic men using a rigorously controlled dietary intervention. Twenty-three overweight, hyperlipidemic men consumed
both types of 0il in a randomized, crossover trial for 6 weeks each. Fasted plasma samples were collected on the first and last 2 days of each study
period. Body weight decreased —1.22 + 0.35kg (P = .0019)and —1.68 + 0.47 kg ( P = .0016) after the 6-week study period in the olive oil and
functional oil groups, respectively. The end points for total cholesterol and low-density lipoprotein cholesterol (LDL-C) in the functional oil
group (P = .0006) were lower than in the olive oil group ( P = .0002). Total cholesterol values decreased from comparable baseline to end point
of4.71 £ 0.16 mmol/L (P <.0001) in the functional oil phase and 5.14 £ 0.19 mmol/L (P = .0001) in the olive oil phase (P = .0592). In
addition, LDL-C demonstrated a similar drop, to an end point of 3.12 + 0.16 mmol/L (P <.0001) and 3.54 + 0.18 mmol/L (P = .0002), for
the functional oil and olive oil groups, respectively, with significant changes (P = .0221). High-density lipoprotein cholesterol levels did
not change in either treatment. Triacylglycerol end points decreased in functional oil and olive oil groups (P = .0195 and .0105, respectively)
to the same extent from baseline. Results indicate that PSs mixed within an MCT- and HOC-rich matrix lower plasma LDL-C, without
significantly changing the high-density lipoprotein cholesterol concentrations, in hyperlipidemic, overweight men, and may therefore decrease
the risk of cardiovascular events.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction A potential oil to blend PSs with would be medium-chain
triglyceride (MCT) oil. It has been shown to induce beneficial
increases in energy expenditure and decreases in body fat
[5-9] and thus potentially help reduce obesity. In addition, an
experiment demonstrated that PSs in an MCT matrix could
reduce TC more than PSs in a conventional oil containing
long-chain triglycerides [10]. Although there are concerns
regarding hypertriglyceridemic effects of MCT [11,12],
2 studies [13,14] used MCT in obesity prevention, blended
with PS for their hypocholesterolemic properties, and demon-
strated favorable effects on blood lipids concentrations.
Another possibility of a novel matrix could be an oleic
acid-rich oil, given that it may be beneficial for the
prevention of hyperlipidemia through lowering both TC
and TG concentrations. Therefore, we hypothesized that
the consumption of PSs in a mixture of MCT oil and high-
* Corresponding author. Tel.: +1 514 398 7841; fax: +1 514 398 7739. oleic canola (HOC) oil would prevent undesirable increases
E-mail address: peter.jones@mcgill.ca (P.J.H. Jones). in blood lipid concentrations. The objective of this study

Numerous trials have established the ability of plant
sterols (PSs) to reduce total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) [1]. In addition,
high-density lipoprotein cholesterol (HDL-C) and triacyl-
glycerol (TG) concentrations remained unaltered [1]. Plant
sterols should be consumed with a meal to stimulate biliary
flow to obtain an optimal LDL-C—lowering effect, and,
indeed, various types of food vehicles can be used [2]. Plant
sterols are generally given in a fat medium because this
increases PS solubility and improves its consumption [1-4].
Most studies have used margarines and mayonnaise sources
of PS [1-4]; however, other fat sources, especially those
with functional properties, should be considered.
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Table 1
Macronutrient composition of the study diet (12552 kJ/d)
Composition  Protein Carbohydrates ~ Fat Fiber (g)
(% energy) (% energy) (% energy)
Day 1
Breakfast 4.6 16.5 13.7 9
Lunch 39 144 11.8 6
Supper 4.8 16.2 14.1 8
Total % 13.3 47.1 39.6 23
energy
Day 2
Breakfast 3.8 18.3 132 4
Lunch 2.7 14.9 12.0 7
Supper 44 16.6 14.1 11
Total % 10.9 49.8 393 22
energy
Day 3
Breakfast 4.9 16.6 13.3 4
Lunch 4.5 14.0 12.7 10
Supper 4.8 16.2 13.0 10
Total % 14.2 46.8 39.0 24
energy

was therefore to identify the existence of combined bio-
logical actions of a functional oil enriched in PSs within
MCTs and HOC, relative to a control oil in overweight,
hypercholesterolemic men using a rigorously controlled
dietary intervention.

2. Subjects and methods
2.1. Subjects

Thirty-two hyperlipidemic, overweight men were recruit-
ed from the surrounding community of Montreal through
newspaper advertising. Subjects were 18 to 45 years of age,
with a body mass index between 25 and 33 kg/m” and plasma
LDL-C of more than 3 mmol/L. Before enrollment, subjects
were required to provide a medical history and to undergo a
complete physical examination. Subjects were excluded if
they had used oral hypolipidemic therapy or had diabetes,
hypertension, hypothyroidism, or other known metabolic
disorders. Fasting blood samples were collected for serum
biochemistry and hematology to test LDL-C levels and
normality of other parameters. Before study entry, subjects
received a complete description of the protocol, and informed
consent was obtained from participants. The study protocol
was reviewed and accepted by the Human Ethical Review
Committee of the Faculty of Agriculture and Environmental
Sciences of McGill University.

2.2. Experimental design and diets

A randomized, single-blind, crossover study consisting of
2 independent phases of 6 weeks each and an intermediary
washout period of 4 to 8 weeks was conducted. The
experimental diets consisted of prepared meals, which were
precisely weighed by the kitchen staff at the Mary Emily
Nutrition Clinical Research Unit of McGill University.

Diets were based on a 3-day rotating menu. Subjects were
required to consume at least 1 of the 3 meals at the clinic
under supervision of the clinical staff. Diets were served as
3 isoenergetic meals per day (Table 1) and provided ~45%
of energy as carbohydrates, ~15% as protein, and ~40% as
fat, of which 75% was delivered as treatment fat. The
remaining 25% of total fat was found in the standard food
items, identical in both diets. Treatment fat, either as
functional or control oil, was directly incorporated. The
control oil, extra-virgin olive oil, was included into the
meals to improve participants’ blinding. The functional oil
(Delta SL, Bunge North America) consisted of 3 major
components: 45% to 47% HOC interesterified with 45% to
47% MCTs, and 6% to 10% of sterol esters were physically
blended in after the interesterification. Each meal contained
comparable amounts of fat derived from the test oil. Nonfat
and nonsterol constituents were identical across diets. The
nutrient intake of the diet was adjusted to tailor each
individual’s specific energy requirements using the equa-
tion of Mifflin et al [15] to control energy balance, to
which an activity factor of 1.7 was added to compensate for
energy expended in physical activity (PA). Patients were
asked to maintain a constant level of PA throughout the
entire study; however, the direct energy cost of PA was not
measured. The different energy densities of MCT and long-
chain triglyceride, 34 and 38 kl/g, respectively, were
accounted for in the calculation of energy intake to ensure
that functional and extra-virgin olive oil diets were isoener-
getic. During the first week of phase 1, energy intake was
readjusted to correct energy balance. Energy intake was fixed
thereafter and was identical during both dietary phases. Body
weight was monitored daily upon arrival at the clinic. No
extra food was allowed between meals except for decaffein-
ated, energy-free carbonated beverages, and herbal teas,
which were provided by the clinic. The nutrient content of the
diets was determined using Food Processor (ESHA Research,
Salem, OR).

2.3. Plasma analyses

Blood samples were collected after an overnight fast on
days 1, 2, 41, and 42 of each experimental phase. Samples
were collected in duplicate to decrease the day-to-day
variability. Blood samples were then centrifuged at 1500 rpm
for 20 to 25 minutes, and plasma, serum, and red blood
cells were immediately separated into 0.5- to 1-mL aliquots
and stored at —20°C for future analysis. Plasma lipid
aliquots were sent to and analyzed at the Lachine Clinic
(Montreal, Canada). An enzymatic colorimetric test (enzy-
matic kit, Roche Diagnostics, Indianapolis, IN) was used
for TC and TG [16,17]. The TC determination was based on
A*-cholestenone after enzymatic cleavage of the cholesterol
ester by cholesterol esterase, conversion of cholesterol by
cholesterol oxidase, and subsequent measurement by the
Trinder reaction of the hydrogen peroxide formed [18]. This
determination is based on the work by Roeschlau et al [16],
using a lipoprotein lipase derived from microorganisms.
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Table 2

Changes in blood lipids in hypercholesterolemic men after 6 weeks of consuming diets rich in either olive or functional oil

Olive oil (n = 23)

Functional oil (n = 23) Between-group P

Baseline +SEM End point +SEM Baseline +SEM End point +SEM Baseline P End point P
Weight
Average 86.34 2.38 85.12 2.36 86.33 221 84.65 2.20 9875 3477
Difference 1.22 0.35 1.68 0.47 2123
TC
Average 5.73 0.18 5.14 0.19 5.68 0.21 4.71 0.16 7075 .0006"
Difference 0.60 0.13 0.97 0.17 .0592
LDL-C
Average 4.00 0.18 3.54 0.18 3.95 0.19 3.12 0.16 .6917 .0002*
Difference 0.46 0.1 0.83 0.15 .02217
HDL-C
Average 0.97 0.07 0.93 0.04 091 0.04 0.89 0.03 .1063 1533
Difference 0.04 0.04 0.02 0.02 .3607
TG
Average 1.69 0.15 1.48 0.13 1.81 0.14 1.53 0.11 22170 4309
Difference 0.22 0.09 0.27 0.10 .6254

 Significant differences observed.

Determination of HDL-C in plasma was done using
polyethylene glycol-modified enzymes and the dextran
sulfate technique [19]. The low-density lipoprotein sub-
fraction was indirectly quantified using the equation by
Friedewald et al [20].

2.4. Statistics

Descriptive analysis of the data was expressed as mean +
SEM. Data for blood lipid concentrations for each phase
were analyzed using a paired ¢ test to determine significant
changes between baseline and end point. An unpaired ¢ test
was used to establish differences between the 2 diets at
baseline and at end point. The data were merged for
analysis on SAS statistical software (SAS Institute, Cary,
NC). P < .05 was used to determine significance.

3. Results

Thirty-three subjects were recruited; however, only
23 subjects completed the study. Five subjects dropped
out during the first phase because of medical problems
not related to the study (n = 1), because they disliked
the meals (n = 2), or the time commitment required for
the study (n = 2). In the second phase, additional subjects
dropped out because of transportation problems (n = 4) and
personal problems (n = 1). The 28% dropout rate was seen
because of the lengthy and intensive study protocol. Subjects
were young (mean age, 37 years), overweight (mean body
mass index, 28 kg/m?), hyperlipidemic men. All individuals
tolerated the diet without any reported adverse events.
Subjects could not differentiate between the oils.

The weights of the subjects at baseline, the average of
the first 2 days, were similar for both oils (Table 2). Both
the functional and control oil groups lost weight (—1.68 +
0.47 kg, P = .0016; —1.22 £ 0.35 kg, P = .0019, respec-
tively) after 6 weeks.

The end point for TC after functional oil feeding was
lower (P = .0006) than that after the control oil phase,
whereas the baseline TC data of 2 groups were not different
(P = .7075) (Table 2). The TC values decreased (P <.0001)
from 5.68 + 0.21 to 4.71 + 0.16 mmol/L, baseline to end
point; therefore, a —17.0% change in the functional oil
phase. A similar development was seen (P = .0001) with
the control oil from 5.73 + 0.18 mmol/L at baseline to
5.14 £ 0.19 mmol/L at end point, but this was to a lesser
extent (—10.4%). Functional oil consumption resulted in
9.5% lower (P = .0002) LDL-C concentrations compared
with control oil, although the baseline values for control
oil and functional oil were similar (P = .6917). Low-
density lipoprotein cholesterol concentrations decreased
(P < .0001) from baseline 3.95 £ 0.19 mmol/L to end
point 3.12 £ 0.16 mmol/L by —21.0% with the
functional oil. The control oil also showed a decrease
(P = .0002) from 4.00 = 0.18 to 3.54 £ 0.18 mmol/L, a
change of —11.5% in LDL-C. The magnitude of changes
of TC did not differ between oils (P = 0.0592); however,
LDL-C changes were statistically different (P = .0221).
Values for high-density lipoprotein did not exhibit statis-
tically significant difference in baseline (P = .1063) and
end points (P = .1533) in the functional oil group
compared with the control oil group. Triacylglycerol
values decreased significantly during consumption of
functional oil (P = .0195) and olive oil (P = .0105)
from baseline. However, there were no differences seen
between the baseline (P = .2170) and end point
(P = .4309) data for TG values for functional oil vs
control oil.

4. Discussion

Results from this study suggest that a functional oil
containing PSs within an MCT and HOC mixture provides
an effective means of favorably modulating blood
lipid profiles in overweight, hypercholesterolemic men.
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Functional oil contained 1.3 g/4184 kJ/d of diet of PSs
mixed with MCT and HOC oil, in a high-fat diet over
6 weeks. Published results [1-3] indicate that addition of
1.5 to 3 g/d of PSs to the diet causes a 7% to 16% decrease
in TC and an 8% to 15% reduction in LDL-C concen-
trations. Studies have shown that consuming higher doses of
PS does not necessarily produce larger LDL-C—lowering
effects [21]. An above-average decrease in TC and LDL-C
concentrations in functional oil was probably due to the fact
that diets were strictly controlled in conjunction with a high
rate of compliance of participants in a suitable matrix. Oil-
based products enriched with PS have shown to lower TC
and LDL-C; however, oils with functional properties such as
MCT have often been overlooked.

The MCTs that were included in the mixture may provide
a further benefit of increased energy expenditure, thus
potentially assisting in weight loss. This property of MCTs
is thought to be mainly due to the fact that they are
metabolized differently in comparison to long-chain trigly-
cerides. Medium-chain triglycerides undergo direct trans-
port to the liver via the portal vein, then are oxidized for
energy, whereas long-chain triglycerides are absorbed by the
intestinal lymphatic ducts and transported, as chylomicrons,
through the thoracic duct, to reach the systemic circulation.
Several studies report that MCTs are cholesterol neutral
[22,23]; however, others reported hypercholesterolemic
effects of MCT [12,24] because of high saturated fat
content. Nevertheless, the functional oil in the present study
did not increase TC and LDL-C, but on the contrary
decreased concentrations. A recent study concluded that
mixed micelles containing MCT lipolysis products have a
reduced solubilizing capacity for cholesterol, therefore
amplifying the effectiveness of PSs in displacing cholesterol
[10]. This property enhances the benefits of MCT in
cholesterol-lowering PS products. In addition, previous
studies on similar functional oil formulations [13,14] have
shown comparable results. First, Bourque et al [13]
examined the effect of a diet supplemented with a functional
oil composed of MCTs (50% of fat), PSs (22 mg/kg body
weight), and n-3 fatty acids (5% of fat) in overweight
women. The results demonstrated a significant reduction in
mean plasma TC concentration by 9.1%. Low-density
lipoprotein cholesterol was also significantly lower by
16% on functional oil. Subsequently, St-Onge et al [14]
evaluated the effects of a similar functional oil as Bourque
et al in normolipidemic, overweight men for 4 weeks
compared with olive oil. The TC and LDL-C concentrations
decreased significantly by 12.5% and 13.9% when subjects
consumed functional oil, respectively, compared with 4.7%
and no change for olive oil, respectively [14]. The difference
in comparison to our study is the magnitude of changes for
TC and LDL-C in functional oil and olive oil, which were
higher in the present study. This might be due to the
different type of population used, men vs women, normo-
lipidemic vs hyperlipidemic, and the different doses of
MCTs and PSs used in formulations. In addition, the current

study was 6 vs 4 weeks [13,14]; the longer time might
have further promoted the efficacy of PS in reducing blood
lipid concentrations of subjects. Consequently, it can be
inferred that the dose of PS of 1.3 g/4184 kJ/d in an MCT
and HOC mixture was successful in optimizing TC
reduction, including LDL-C lowering in hyperlipidemic,
overweight men.

Triacylglycerol concentrations decreased similarly after
feeding both the PS-containing functional oil and olive oil,
indicative perhaps of the general characteristics of the diet
provided by the clinic, as observed in past studies of a
similar design [4]. The low simple sugar, alcohol-free,
regular 3 meals per day cycle with reduced caffeine intake
likely played an additional role in lowering circulating TG
concentrations. In addition, previous research has shown
that monounsaturated fatty acid-rich diets are associated
with improvements in various endothelial functions and may
have favorably affected TG concentrations in both control
oil and functional oil groups. Furthermore, PSs have been
shown not to affect TG concentrations [2]. Reduction of TG
in the functional oil group addresses the question concerning
MCT tendency to raise blood TG in humans [11] and shows
that hypertriglyceridemia did not occur with the functional
oil formulation. However, in a previous study on humans,
the amount of MCTs consumed in test diets was higher than
that in the present study. On the contrary, some reports have
reported unchanged TG concentrations after MCT feeding
[22,23,25]. In the current study, TG concentrations de-
creased in the functional oil group to an equal extent as
observed in the control group, which might be due to the
TG-suppressing effect modulated by other components such
as the HOC or the lack of MCT-raising effect of TG.

Other factors may have contributed to the observed blood
lipid changes, including the fact that the test diet fed was
generally higher in fiber content (23 g/d); subjects subse-
quently lost weight during the trial. The absolute changes in
weight after 6 weeks were not significantly different
between the 2 oils; therefore, weight loss was not likely a
factor on lipid concentration differences. Finally, the PA of
subjects was not measured in the study; however, it can be
assumed that there were no differences because HDL-C did
not vary for either control or functional oil.

In summary, a functional oil mixture of PS in MCT and
HOC demonstrated beneficial effects on plasma lipids by
substantially lowering TC and LDL-C concentrations in
comparison to a more conventional olive oil. Functional
foods, which have added benefits over and beyond their
basic nutritional value, such as the present oil, could
contribute to a management strategy for hyperlipidemia.
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