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ABSTRACT

Reduced bioavailability in some formulations of phytosterols accounts for the variable
results observed in LDL- C- lowering efficacy among trials. This study examined the
effects of a water-dispersible formulation of free phytosterols (WD-PS) versus
phytosterol esters (PS-esters) on plasma lipid and fat soluble vitamins concentrations in
hypercholesterolemic individuals. Using a double-blind, randomized, crossover study, 47
hypercholesterolemics were provided for 4 wk: WD-PS-enriched yogurt (2g/d), PSesters-enriched yogurt (2g/d), or yogurt alone (placebo), in a random order. Each study
phase was separated by 4 wk washout intervals. Supplementation of WD-PS or PS-esters
similarly decreased serum TC (7.7% and 6.3%, respectively) and LDL-C levels (11.7%
and 11.6%, respectively, p<0.001). The ratio of TC/ HDL-C decreased for WD-PS
(10.6%, p<0.05) but not for PS-esters. Moreover, WD-PS reduced serum TG (13.9%,
p<0.05) as compared to PS-esters (0.6%). The results of the current study confirm the
importance of the formulation of phytosterols in their bioavailability and efficacy.
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CHAPTER 1. INTRODUCTION

Background and rationale
Over 40 years ago, cholesterol lowering efficacy of phytosterols (PS) was identified in
animals and humans (1). Since the beginning of the last decade, along with rising interest
in functional foods, PS have gained much attention and been increasingly incorporated
into various food products as functional food ingredients. Numerous in vitro, in vivo, and
clinical studies have been done to examine the cholesterol lowering effect, mechanism of
action, as well as dose response efficacy of PS. The results of these studies contributed to
prove the efficacy of PS by several scientific and regulatory bodies (2-4) which
recommend incorporating PS, as a cholesterol lowering nutraceutical component to the
diet, to optimize blood lipid concentrations. Indeed, the FDA approved a health claim for
PS about 10 years ago. According to the claim, foods containing at least 400 mg per
serving of free PS, consumed twice a day with meals, corresponding to a daily total
intake of at least 800 mg, as part of a diet low in saturated fat and cholesterol, may reduce
the risk of heart disease.

The Adult Treatment Panel of the National Cholesterol Education Program (NCEP ATP
III) has drawn attention to the value of PS by recommending the addition of PS (2 g/d) to
the diet for primary prevention of cardiovascular disease. Health Canada now permits
health claims for coronary heart disease (CHD) risk reduction, based on cholesterol
lowering for foods delivering a minimum level equivalent to 0.65 g of free PS per
reference amount and per serving of stated size. A combination of PS with diets low in
1

saturated fat and cholesterol can depress LDL-C levels by 20% or more (5). Thus, plant
sterol-enriched products are offering a new avenue in the dietary management of elevated
serum cholesterol concentrations which is less expensive compared to pharmacological
approaches.

Supplementation of PS at the dosage of 1.8 to 2 g/d have been shown to decrease both
total and LDL cholesterol levels by an average of 10% (8 to 15%), yet the results across
studies are inconsistent (5). In an attempt to maximize LDL-C-lowering efficacy,
considering the factors that influence the heterogeneity of response of individuals to PS is
essential. One of the most obvious factors is the proper solubility and bioavailability of
every formulation of PS which influence the ability of PS to have an effect upon lipid
profiles. Therefore, in view of the important influence of the formulation of PS on their
cholesterol lowering efficacy, it may be preferred that every new formulation of PS be
examined on their efficacy.
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CHAPTER 2. REVIEW OF LITERATURE

2.1 Introduction
The following review presents the current knowledge surrounding the cholesterol
lowering efficacy, mechanisms of action, and factors affecting bioavailability and
efficacy of phytosterols for the management of dyslipidemia.

2.2 Plant sterol chemical structure and availability in foods
Phytosterols, encompassing plant sterols and stanols, represent a cluster of plant-derived
sterols which are common and share important attributes. Phytosterols are structurally
similar to cholesterol, but differ in the side chain attached to the steroid ring, where they
have a methyl or ethyl group on the C24 position. Plant stanols are saturated forms of
plant sterols which are less abundant in nature than the unsaturated forms of sterols. More
than 200 different types of PS have been reported, including β-sitosterol, campesterol,
and stigmasterol which are the principal molecular forms of plant sterols and which
contain more than 95% of total PS in the human diet (6, 7). In many foods, β-sitosterol is
the most abundant form in the human diet followed by campesterol which constitutes
approximately 60% and 35%, respectively, of the total dietary PS (8). Major plant sterols
and stanols are identified in Figure 1.

In general, similar to function of cholesterol in vertebrate animals, PS serve to stabilize
plant cell membranes, whereas, due to different structural properties of individual PS,
they have different effects on membrane stability (9).

3

Figure1. Chemical structure of cholesterol and common plant sterols and stanols

Dietary intake of PS in a western diet ranges from 150-400 mg /d, while for vegetarians it
could be as high as 1 g/d (1, 6). All vegetable foods contain appreciable quantities of PS.
The most concentrated source of phytosterols is vegetable oil and smaller unit amounts
are found in nuts, breads, and whole vegetables.
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2.3 Effective dose of plant sterols for cholesterol lowering
Extensive data confirm that consumption of foods enriched with PS significantly reduce
TC and LDL-C concentrations without affecting levels of high-density lipoprotein
cholesterol (HDL-C) or triglycerides (TG) (10).

In human studies, several researchers have reported that a dose of 1.6–2.4 g/d of PS
mainly in the form of PS-ester, lowers TC and LDL-C concentrations equally by 8–15%
(11, 12). The dose response relationship between consumption of PS and the efficacy in
lowering LDL-C has been established in individual studies (13-15) as well as several
meta-analyses (5, 16, 17, 18).

In the first substantial meta-analysis of 18 published clinical trials, Law et al (16)
suggested that regular consumption of 2 g/d of PS, added to an average daily portion of
margarine and compared with margarine alone, lowers LDL–C concentrations by at least
0.50 mmol/L for individuals aged 50-59 yr and 0.39 mmol/L for individuals aged 40-49
yr. At higher doses, no further reduction in LDL cholesterol was apparent (16).
Furthermore, to predict the effect of a given PS dose, Katan et al (5) conducted a
systematic meta-analysis of 41 trials which showed a nonlinear dose-response
relationship between the daily dose of PS and their cholesterol-lowering efficacy. In the
trials assessed, the percentage reduction in LDL-C as a function of dose tapered off at
intakes of about 2 g/day or more maximum effect was estimated at 11.3%, while there
was little additional effect at doses higher than 2.5 g/d. In a meta-analysis by AbuMweis
et al (17), there was evidence of a dose-response effect. The minimum (-0.25 mmol/L;
5

95% CI: -0.32, -0.18) and the maximum (-0.42 mmol/L; 95% CI: -0.46, -0.39) reduction
in LDL-C levels were achieved by the intake of more than 1.5 g/d (study n=8) and less
than 2.5 g/d (study n=13) of PS, respectively. Finally, in the most recent meta-analysis of
eighty-four trials, Demonty et al (18) established a continuous dose-response relationship
that would allow predicting the LDL-C lowering efficacy of different PS doses. On
average, PS consumption lowered LDL-C levels by 0.34 mmol/L (95% CI: -0.36, -0.31),
which corresponded to a relative decrease of 8.8% (95% CI: -9.4,-8.3) for a mean daily
intake of about 2 g PS. The LDL lowering action of PS exhibited a plateau at intakes of 3
g/d.

2.4 Mechanisms by which phytosterols decrease plasma lipid levels
In humans, cholesterol absorption occurs in the small intestine where both dietary
cholesterol (300 mg/d) and biliary cholesterol (1000mg/d) are available for uptake from
the intestinal lumen (19). Three major segments are involved in cholesterol absorption.
The first step takes place intraluminally, where unesterified cholesterol dissolves into the
mixed micelle to facilitate its movement up to the brush border membrane of the
enterocyte (20). The second phase, which involves the transport of cholesterol across the
brush border membrane, occurs by the Niemann-Pick C1 Like-1 (NPC1L1) transport
protein, while the third phase, within the enterocyte, involves the esterification of
cholesterol and its incorporation into chylomicrons for uptake into circulation (20).

Compared to cholesterol which can be absorbed up to 60%, PS are absorbed only in trace
amounts, roughly up to 2% (21). Yet, PS inhibit the absorption of intestinal cholesterol
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and hence reduce circulating cholesterol concentrations. The exact mechanism by which
PS interfere with cholesterol absorption remains to be clarified, but based on
cholesterol’s absorption stages, three proposed mechanisms are suggested (21, 22).

2.4.1 Competing with cholesterol for incorporation into mixed micelles
One of the proposed mechanisms is based on the fact that cholesterol must enter bile-salt
and phospholipid-containing ‘mixed micelles’ in order to pass through intestinal cells and
be absorbed into the bloodstream.

Under the same mechanism as cholesterol absorption, PS must solubilize into intestinal
bile salt micelles to be absorbed from lumen (6). Due to the limited capacity of the mixed
micelle to embody lipophilic molecules, the competitive solubilization between PS and
intestinal cholesterol results in micellar displacement of cholesterol by PS and less uptake
of both dietary and endogenously-produced biliary cholesterol into the enterocyte (9, 23).
The process of micellar solubilisation, as a major factor affecting the absorption rate, has
been studied in vitro and in vivo (21, 24, 25). Ikeda et al (26) designed a series of in vitro
studies to compare the micellar solubility of PS, sitosterol and fucosterol, alone and in
equimolar binary mixtures to 2.0 mM. Results revealed that cholesterol has the highest
solubility followed by fucosterol and sitosterol. However, in binary mixtures, cholesterol
solubility was decreased by sitosterol and to a lesser extent by fucosterol relative to its
solubility alone (26). These findings are consistent with a report from another in vitro
study (27) which demonstrated the importance of the side chain substitution at carbon 24
to sterol solubilization in taurocholate micelles. Results of the study showed that
7

sitosterol, with less hydrophilic property than cholesterol, has a lower capacity but higher
affinity for binding to cholic acid micelles and is predicted to displace cholesterol with a
favorable free energy change. Results from another in vitro study (28) revealed that the
rate of sitosterol movement from the micellar phase to triolein was 3.5-fold less than
cholesterol and this was consistent with the suggested differences in their micellar
affinity. A more recent in vitro study (25) showed that free sitosterol and sitostanol
reduce the concentration of cholesterol in dietary mixed micelles via a dynamic
competition mechanism and hence, decrease its transport towards the intestinal brush
border membrane. The competition mechanism between PS and cholesterol to dissolve
into micelles results in decreasing the rate of cholesterol absorption which consequently
reduces blood cholesterol concentrations.

In general, the displacement of cholesterol from micelles by plant sterols and the greater
displacement with sitosterol and campesterol relative to other PS measured in vitro, are
consistent with the observed inhibitory effects on cholesterol absorption in vivo (24, 26).
The ability of PS to suppress micellar solubilization of cholesterol is one of the essential
factors to decrease intestinal cholesterol absorption and therefore reducing circulating
levels of cholesterol, while partially increasing endogenous cholesterol synthesis (29). It
should be noted that PS have more hydrophobicity and higher affinity for micelles than
cholesterol, and thus their absorption is very poor (7). Indeed, campesterol with highest
absorption levels among PS, 3 times higher than β-sitosterol and stigmasterol (9.4-14.8%,
3.1-4.5%, and ≤4%, respectively), still has a much lower absorption rate than cholesterol
(30%-60%) (6).
8

2.4.2. Modulating the action of key cholesterol intestinal transporters
Cellular cholesterol concentration within the enterocyte is regulated by a number of
processes including uptake of cholesterol from the lumen by Niemann-Pick C1-Like1
(NPC1L1) protein, and secretion of cholesterol back into the intestinal lumen by
adenosine triphosphate-binding cassette G5 (ABCG5) and G8 (ABCG8) transporters,
located on the brush border of intestinal cell (7). PS may modulate the action of these key
intestinal shuttle transporters involved in cholesterol absorption (NPC1L1, ABCG5, and
ABCG8 transporters). Recent evidence suggest that NPC1L1 expression in the small
intestine and in the brush border membrane of the enterocyte, is critical for absorption of
both cholesterol and PS (19, 30). Findings by Altman et al (19) revealed that NPC1L1deficient mice exhibit a substantial reduction in absorbed cholesterol which was
unaffected by dietary supplementation of bile acids (19). Moreover, Davis et al (30)
found that NPC1L1 null mice had not only substantially reduced intestinal uptake of
cholesterol but also decreased absorption of sitosterol and thus dramatically reduced
plasma PS levels. Interestingly, although, the NPC1L1 null mice had
hypercholesterolemia, they were completely resistant to diet-induced
hypercholesterolemia (19, 30). Furthermore, plasma lipoprotein and hepatic cholesterol
profiles in NPC1L1 null mice were similar to those of wild type mice treated with
ezetimibe, the cholesterol absorption inhibitor drug (19, 31). The finding that deletion of
the gene for NPC1L1 in mice results in the prevention of PS and cholesterol absorption,
may suggest that NPC1L1 protein acts as a common pathway for uptake of PS and
cholesterol into the entrocyte which results in reducing the uptake of the latter (7, 20). On
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the other hand, ABC transporters, including ABCG5 and ABCG8, are the group of
membrane proteins responsible for the transport of cholesterol and PS back into the
intestinal lumen (32, 33). Evidence suggests that in sitosterolemia patients, a rare
autosomal recessive disorder, plasma and tissue levels of PS are increased 30-200 fold as
a result of mutations in these transporters (34). In support of these findings, Yu et al (35)
have shown that in the ABCG5 and ABCG8 knockout mice the mean plasma PS
concentrations increased more than 30-fold as a result of lack these transporters. In
another study involving inbred mice, Duan et al (36) found that the jejunal and ileal
ABCG 5 and ABCG8 play a main regulatory role as sterol efflux transporters in response
to high dietary cholesterol and sitostanol. Moreover, results of this study demonstrated
that the absorption efficacy of cholesterol and sitostanol is mostly determined by the net
results of a complex series between influx, through NPC1L1, and efflux, by ABCG5 and
ABCG8, of intraluminal cholesterol and sitostanol molecules crossing the apical
membrane of the enterocyte (36).

2.4.3 Preventing esterification of free cholesterol
Phytosterols are also thought to prevent esterification of free cholesterol into cholesterol
esters and thus preventing its assembly into chylomicrons. Upon entry into the
enterocyte, cholesterol is esterified by the enzyme acyl-CoA, cholesterol acyltransferase
(ACAT) and then incorporated into chylomicrons for subsequent secretion into the
lymphatic system which ultimately reach the liver (7). ACAT has a critical role in
cholesterol absorption, as only esterified sterol compounds are incorporated into
chylomicrons (37). PS have a low affinity for ACAT, and hence are relatively poorly
10

esterified by this enzyme, resulting in less passage to circulation than cholesterol (6).
Nevertheless, it has been suggested that the intracellular esterification of PS could
suppress the activity of ACAT due to higher concentration of free cholesterol, and thus
its assembly into chylomicrons and taken up into the circulation (6, 38, 39).

2.5 Plant sterol formulation and cholesterol lowering efficacy
Attempts to measure biological effects of PS in clinical studies have been impeded by
limited solubility of PS in both water and fat (1).

Esterification of PS with long-chain fatty acids increases fat solubility by 10-fold and
allows great solubility in the oil phase of the fatty foods, providing optimal dispersion
within fat-containing micelles (40). Considering the palatability and ready solubility in
fatty- based foods, such as margarine, PS-esters have been studied more and shown to
have optimal success in LDL-C-lowering efficacy, however, beneficial effects of PS
preparations were also demonstrated in several studies when various methods were used
to increase bioavailability of free PS (46-48). Free PS can also be dispersed in water after
emulsification with lecithin or other emulsifiers and considerably reduce cholesterol
absorption and circulating LDL-C when added to non-fat foods (49, 50).

PS, in free or esterified forms, are added to foods for their properties to reduce
absorption of cholesterol and thereby lower blood cholesterol levels. It is now generally
accepted that free-PS and PS-esters have the same cholesterol lowering efficacy (41),
however, in some results across studies such comparisons have been inconsistent which
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is likely due in large part to study design, food matrix, and formulation of PS (5, 42, 43).
The fact that incorporating PS into the same food matrix did not result in an identical
magnitude in LDL-C reduction in different trials (29), shows that LDL-C lowering effect
of PS is not based only on their food formatting, but also on their availability for
absorption into mixed bile salt micelles. Indeed, reduced bioavailability in some
formulation of PS, which are relatively insoluble substances, appears to account in part
for the variable results observed in these LDL-C lowering clinical trials (44, 45). The
experiments that showed the largest effects of PS used formulations of PS which have
high bioactivity and thus LDL-C lowering efficacy.

Although recent analysis demonstrated that free PS and PS-ester incorporated into foods
have similar cholesterol lowering action (5, 18, 41), some researchers still question the
equivalency of physiological efficacy. Similar to cholesterol, PS-esters must be
hydrolyzed, possibly with cholesterol esterase, to free PS which is then solubilized into
mixed micelles in the intestinal lumen (52). The mechanism of hydrolyzing PS-esters to
free PS in the intestine has been proposed as a rate-limiting process for cholesterol
lowering effect of PS-esters which may prove that free PS are most likely physiologically
active forms (9). Makoto et al (52), showed that serum cholesterol concentrations, as well
as fecal steroid excretion, were significantly higher in rats fed free PS compared to those
fed the control diet or PS-ester diets. Moreover, deposition of cholesterol in the liver was
significantly lower in rats fed free PS than PS-esters. Makoto et al (52) suggested that
hydrolysis of PS-esters in intestinal lumen can be a rate-limiting process which impair a
sufficient inhibition of cholesterol absorption in rats. However, another study examined
12

in the effect of PS formulation on cholesterol lowering efficacy in hamsters, which
supported the comparable efficacy of free PS and PS-esters and showed that esterification
of PS with fatty acid do not impair the ability of free PS to inhibit cholesterol absorption
(53) . A similar observation was also reported in humans, however, direct comparison to
clarify differential hypocholesterolemic effect of free PS and PS-esters is scarce (5, 54,
55). Nissinen et al (54) infused PS-esters and free PS in the duodenum of healthy
humans and showed that PS-esters can be quickly hydrolyzed, 40% during a 60 cmintestinal passage, while free PS experienced partial esterification (30%) and
sedimentation during intestinal passage (54). These two routes may explain the reason
why, in humans, the inhibitory effect on cholesterol absorption is similar for free PS and
PS-esters. In another study, Richelle et al (55) showed that the inhibitory effect on
cholesterol absorption was comparable between free PS and PS-esters, when
normocholesterolemic men consumed a PS-enriched low fat milk beverage for 1 week
(55).

2.6 Effect of food matrix on cholesterol lowering efficacy of plant sterols
The plasma cholesterol-lowering efficacy of PS varies according to the composition and
the food matrix in which they are provided (56). To date, the impact of the food format
on the LDL-C lowering efficacy of PS has been evaluated. Extensive evidence for the
cholesterol-lowering efficacy of PS, incorporated in a variety of fat based food products,
such as margarine and spreads has become available. Moreover, several studies, assessing
the cholesterol-lowering efficacy of dairy products containing plant sterols, suggest that
yogurt-based sterols are effective in reducing cholesterol levels in primary moderate
13

hypercholesterolemia (18, 57). Clifton et al (58) compared efficacy of LDL-lowering
following PS supplementation in different food carriers and showed that in 58
hypercholesterolemic men and women, PS esters-enriched low-fat milk reduced LDL-C
(15.9%) more effectively than PS-enriched yogurt, bread, and cereal (8.6%, 6.5%, and
5.4%, respectively). The results were similar to the cholesterol-reductions observed by
Noakes et al (11) where PS ester were incorporated into fat free/ low fat dairy products.
Overall, the above evidence suggests that dairy products are appropriate foods by which
PS are delivered and, therefore, effectively exert lipid lowering effects.

2.7 Plasma plant sterols in response to plant sterols feeding
Plasma plant sterols cannot be synthesized endogenously and are thus entirely derived
from diet. Consumption of a Western diet results in circulating plant sterol with the major
concentration of campesterol up to 0.009 mmol/L following by sitosterol concentration
for up to 0.006 mmol/L. These concentrations along with the concentrations of all other
PS including stigmasterol and brassicasterol, contribute to less than 1% of total plasma
sterols which comprised mainly of cholesterol by concentrations of 5.17mmol/L (59).

In numerous well-controlled human intervention trials, consumption of plant sterol–
enriched products increased serum plant sterol concentrations. Although the results of
various published clinical data are comparable, some differences also exist. Results from
a meta-analysis, including 41 trials (5), indicated that intakes of 2 g/d of plant sterols
approximately doubles plasma sitosterol and campesterol levels in hyperlipidemic, but
otherwise healthy individuals. It also increases plasma stanols levels, while their
14

concentrations are always a factor of 10 to 100 fold lower than sterols (5). Also, Clifton
(58) observed some increases in plasma β-sitosterol and campesterol levels following
consumption of PS in different matrixes including fat free milk, low fat milk, and bread.
In a study using PS-enriched oil products, Chan et al (60) showed a significant increase in
plasma campesterol, stigmasterol and β-sitosterol concentrations compared with the
controlled products. Another study used the combination of fat free/low fat fermented
milk with 1.6 g/d of PS and showed an increase in plasma β-sitosterol concentrations of
35% compared with a fermented milk control group (61).

Moreover, in an ongoing free-living Dutch cohort study over a 5-y follow-up period
(1999-2003), Fransen et al (62) analyzed baseline and follow-up data on serum plant
sterols, plant stanols and cholesterol concentrations for 80 users of plant sterols or plant
stanols–enriched margarine and 81 matched nonusers. In this study, cholesterolstandardized serum sitosterol concentrations increased by 22% with long-term plant
sterols consumption and decreased by 18% with plant stanols consumption, whereas,
standardized campesterol concentrations increased by 103% with consumption of sterol–
enriched margarine and decreased by 11% with plant stanols margarine use. Finally, in
the most recent clinical literature, Derdemezis et al (63) indicated that the regular intake
of 2 g/d of dietary plant sterols results in an increase in plasma concentrations of
sitosterol and campesterol by 20% to 100% and 40% to 100% respectively, which in
absolute terms, is related to an increase of approximately 0.02 mmol/L in the sum of both
plant sterols. They concluded that even after the intake of plant sterols–enriched foods,
plasma plant sterol concentrations usually contribute to less than 1% of all plasma sterols
15

including cholesterol and it seems unlikely that the small absolute increase of plant sterol
plasma levels outweighs the well established benefits from TC and LDL-C lowering.
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CHAPTER 3. STUDY OBJECTIVES

The objectives of the present study are:

1. To assess the effect of a new formulation of water dispersible PS compared to plant
sterol esters, on plasma lipids concentrations, in moderately hyperlipidemic individuals.

2. To determine the effect of a new formulation of water dispersible PS, compared to
plant sterol esters, on plasma fat soluble vitamins concentrations in moderately
hyperlipidemic individuals.

3. To evaluate the effect of a new formulation of water dispersible PS compared to plant
sterol esters, on plasma plant sterol concentrations and cholesterol synthesis markers
levels in moderately hyperlipidemic individuals.

4. To estimate the effect of a new formulation of water dispersible PS, compared to plant
sterol esters, on plasma markers of hepatic function and inflammation (liver enzymes) in
moderately hyperlipidemic individuals.
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CHAPTER 4. MANUSCRIPT

Water dispersible plant sterol formulation shows improved lipid lowering efficacy
compared to plant sterol esters

Mandana Amir Shaghaghi, Scott V. Harding, and Peter J.H. Jones

This manuscript has been submitted to: Journal of Lipid Research

Funding for the study was provided by: Naturalis S.A., Inc, Chile
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3.1 Abstract
Despite repeated demonstration of cholesterol-lowering efficacy of phytosterols (PS),
issues surrounding reduced PS bioavailability of some dietary formulations remain to be
elucidated. The objective of this study was to determine the efficacy of a water
dispersible formulation of a free plant sterol (WD-PS) versus plant sterol esters (PSesters). Forty-seven hypercholesterolemic subjects completed a free living, double-blind,
randomized, crossover study and were provided with either a single-dose daily regimen
of PS-enriched yogurt (2g/d of PS from WD-PS or PS-esters) or only yogurt (placebo) for
4 wk. Yogurts enriched with WD-PS or PS-esters induced similar decreases in serum
total (7.7% and 6.3%, respectively) and LDL cholesterol levels (11.7% and 11.6%,
respectively), as percentage relative to the control (p<0.001; all). However, ratios of total
to HDL cholesterol and non-HDL to HDL cholesterol decreased (p<0.05) with WD-PS
(10.6% and 15.2%, respectively) but not with PS-esters (7.0% and 10.8%, respectively)
compared with control. Over the treatment period, consumption of WD-PS significantly
reduced serum TG levels (13.9%) compared to consumption of PS-esters (0.6%). Both
WD-PS and PS-esters contributed effectively to LDL cholesterol lowering, however, the
formulation of WD-PS appeared to yield additional lipid lowering effects on preventing
cardiovascular diseases by improving serum TG and the ratio of TC to HDL-C.

Key words:
Water dispersible plant sterols, Esterified plant sterols, Cholesterol absorption
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3.2 Introduction
According to World Health Organization, cardiovascular diseases (CVD) are the leading
causes of death globally (1). Lowering of LDL-C is central in the prevention of CVD and
can be achieved through dietary modification and therapy (2). Hence, due to the
established cholesterol-lowering effect of PS, several regulatory bodies recommend
intake of 2 g/day of PS as a component of a modified diet, to optimize blood lipid levels
(2-4). The major mechanism of action responsible for the cholesterol-lowering property
of PS is the inhibition of intestinal cholesterol absorption (5). The competitive
solubilisation between cholesterol and PS in bile salt micelles purportedly decreases
intestinal cholesterol absorption and thus reduces circulating levels of cholesterol, while
partially increasing endogenous cholesterol biosynthesis (6). However, owing to the
chemical structure of PS and their poor solubility and bioavailability, these compounds
must be properly formulated to achieve optimal health benefits. Indeed, PS have
crystalline properties, a high melting point, and low solubility in water and fats which
complicate their incorporation into food matrices and limit their practical applications (7,
8). Therefore, creating a more soluble PS type product may increase solubility and bioefficacy.

In principle, different approaches may fabricate delivery systems for PS, but these can be
broadly categorized as esterification or emulsification depending on the underlying
approach. Traditionally, the most common process is to convert PS to their esterified
forms, with vegetable oil fatty acids, for subsequent integration into fat-based foods such
as margarine and spreads (8). Furthermore, research in the nutraceutical industry has
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shown that the bioactivity of PS can be greatly enhanced by incorporating them within
various emulsion-based delivery systems. For instance, formulating free PS with lecithin
considerably reduces cholesterol absorption and circulating LDL-C, while less effect was
seen with PS in crystalline forms (9, 10). Moreover, Lin et al (11) indicated that natural
phytosterol glycosides, purified from soy lecithin, reduced cholesterol absorption by
37.6%, compared to the 30.6% reduction observed simultaneously with PS-esters.

Ultimately, in a meta-analysis of eighty-four trials, Demonty et al (12) confirmed that the
dose-dependent LDL-C–lowering efficacy of PS had no noticeable relationship with
various treatment characteristics, including fat-based vs. non fat-based formats and/or
free-PS vs. PS-esters forms. Indeed, esters of PS similar to those of the free forms have
been shown to induce a similar LDL-C–lowering effect when provided at the same free
sterol equivalent dose (13-15), however, for some results across studies such comparisons
have failed. Decreased bioavailability of free PS, owing to the difficulty of formulating,
solubilizing, and delivering these relatively insoluble substances is one of the main
causes for the inconsistency among the results of these studies (7, 16). Therefore, based
on the critical importance of the form of PS in its bioactivity and efficacy, new
formulations should be assessed for value if they differ greatly from previously tested
forms.

The objective of the present study was therefore to examine the effects of a new
formulation of a water dispersible PS (WD-PS) preparation, compared with a
conventional PS-esters form, on serum lipids and fat soluble vitamins concentrations. In
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addition, the safety parameters, defined as reported adverse events and/or undesirable
changes in clinical chemistry parameters including liver enzymes, was examined during 4
wk consumption of the new formulation of WD-PS. Our primary null hypothesis was that
the effect of the new preparation of WD-PS on blood lipid levels would be the same as
traditional forms of PS-esters. Thus, we expected plant sterols to have a similar effect on
plasma total and LDL cholesterol levels when they are provided either as WD-PS or PSesters.

3.3 Materials and methods
3.3.1 Treatment preparation
Plain yogurt (4% MF, Dairyland, Saputo, Canada) was used as a food carrier for both PS
(WD-PS and PS-ester) and also as the control. PS-esters were esterified with rapeseed
fatty acids. The WD-PS with the targeted composition and particle size, using the patent
application WO 2010/095067, was prepared and provided by Naturalis S.A., (Santiago,
Chile). In brief, WD-PS is a stable, non-decanting, readily-dispersible phytosterol
dispersion that does not require high shear mixing or homogenization to be suitably
formulated into food products and was incorporated into the yogurt mix through gentle
agitation (17).

The composition of WD-PS and PS-esters PS is shown in Table 1. PS-esters contained
more campesterol and stigmasterol compared with WD-PS. WD-PS and PS-esters were
suspended and flavored in the metabolic kitchen of the Richardson Centre for Functional
Foods and Nutraceuticals. No organoleptic differences were detected between the PS22

enriched (WD-PS and PS-esters) and the placebo yogurts. In addition, the suspension was
stable throughout the refrigerated shelf-life of the finished yogurt for up to 4 wk.

3.3.2 Study population
Hypercholesterolemic individuals were recruited by advertisements, placed in local
Winnipeg newspapers, via educational sessions, and on the Richardson Centre for
Functional Foods (RCFFN) website. Every subject approved and signed an informed
consent form and this study was approved by the Biomedical Research Ethics Board at
the University of Manitoba.

Potential study subjects were initially screened by questionnaire regarding personal
health information, medical conditions, and disease history. If subjects were determined
to be potentially eligible they underwent blood screening at the first visit where a 10ml
fasting blood sample was taken to test for general lipid profiles including TC, HDL-C,
LDL-C, and TG levels. Inclusion criteria included baseline LDL-C above 2.8 mmol/L,
TG below 4.5 mmol/L, a body mass index (BMI) between 20 and 30 kg/m2, and age 1975 yr. Subjects were excluded if they took statins, nicotinic acid, or fibrates. Subjects
who were diagnosed to have diabetes mellitus, sitosterolemia, heart disease, liver disease,
kidney disease, or who had recently undergone major surgeries were also excluded from
the study.
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3.3.3 Experimental protocol
The study was a free-living, randomized, crossover trial consisting of three 29 d
treatment phases each separated by 4 wk washout intervals. Subjects were assigned to
receive the treatments, WD-PS-enriched yogurt, PS-esters-enriched yogurt, or yogurt
without PS (placebo), in a random order. During each treatment period, subjects were
instructed to consume their normal diet and consume their supper meal in conjunction
with the treatment under supervision, on a daily basis to monitor compliance.

3.3.4 Blood sampling and analysis
Twelve-hour fasting blood samples were collected on days 1, 2, 28 and 29 of each of the
3 phases of the trial. Blood samples obtained on days 1 and 2 were used to measure
baseline values for different study measurements, whereas blood samples obtained on the
last 2 days were used to measure final values. Blood samples were collected and
centrifuged for 20 min at 3000 rpm. The separated aliquots were frozen at -80oC until
analysis. Plasma TC, TG, HDL-C, and liver enzymes levels were analyzed using a
VITROS 350 chemistry autoanalyser (Ortho-Clinical Diagnostics, Markham, ON,
Canada). Plasma LDL-C concentrations were calculated using the Friedewald equation
(18). Plasma CRP was analyzed using an Adiva 1800 clinical chemistry system ( Siemens
Healthcare Diagnostic, ON, Canada).

3.3.5 Plasma cholesterol precursor and plant sterol analyses
Plant sterols and precursor sterols concentrations in serum were measured using capillary
gas–liquid chromatography GC (Bruker 430; Billerica, MA, USA) based on previously
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established methods (19). Briefly, 5α-cholestane as an internal standard (Sigma-Aldrich
Canada Ltd, Oakville, ON, Canada) was added to each plasma sample (100µg/0.5 mL
plasma). Samples were saponified with 0.5 M methanol-KOH for 2 h at 100°C, and the
unsaponifiable portion extracted with petroleum ether. The extracted non-saponifiable
materials were used to determine PS concentration levels. Samples were derivatized with
500 µl TMS reagent (pyridine–hexamethyldisilazane–trimethylchlorosilane; 9:3:1). After
preparation samples were injected into the GC equipped with a flame ionization detector
and an auto-injector system. Separation was achieved on a 30 m capillary column with an
internal diameter of 0.25 mm and film thickness of 0.25 μm (SAC-5, Supelco, SigmaAldrich Canada Ltd., Oakville, ON, Canada). The column temperature was set at 130°C
for 2 min then increased to 270°C (rate: 30°C/min) for 10 min and was augmented again
to 290°C (rate: 10°C/min). After 8 min the temperature was increased to 310°C (rate:
20°C/min) for 2 min, (total time was 30 min). The injector and detector temperatures
were set at 295°C and 300°C, respectively. The carrier gas (helium) flow rate was set for
1 ml/min with the inlet splitter set at 100:1. Peaks of interest were identified using
authentic standards (Sigma-Aldrich Canada Ltd, Oakville, ON, Canada).

3.3.6 Assessment of cholesterol synthesis
As described above, plasma markers of cholesterol synthesis (desmosterol, lathosterol)
were measured by GC. Subsequently, based on the previously established methods, a
surrogate method was used to determine cholesterol synthesis (20, 21). Briefly, the ratio
of absolute amount of lathosterol to cholesterol (μmol/mmol of cholesterol) was used to
determine cholesterol biosynthesis (22-24).
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3.3.7 Plasma fat-soluble vitamin and carotenoid analyses
An isocratic high-performance liquid chromatography HPLC (1100 HPLC, Agilent
Technologies, Palo Alto, CA, USA) method was used for simultaneous determination of
plasma α-tocopherol, γ-tocopherol, retinol, lutein, lycopene, and β-carotene. The
extraction procedure was as described by Gueguen et al (25). In brief, an internal
standard, a solution of retinol acetate and β-apo-8’-carotenal in methanol, was added to
200 uL serum to quantify vitamin and carotenoid levels, respectively. Serum samples
were deproteinized with ethanol and extracted twice with hexane. Duplicates of each
sample were prepared, then resulting extracts injected onto a C18 reversed-phase column
(Zorbax EclipseXDB, Agilent Technologies, Palo Alto, CA, USA) with column guard
eluted with methanol-acetonitrile-tetrahydrofuran (75:20:5, v/v/v). Full elution of all the
analytes was realized isocratically within 38 min. The detection wavelengths were set at
290 nm and 450 nm for α and γ-tocopherol and the carotenoids analyses, respectively.

3.3.8 Statistical analyses
Statistical analysis was performed using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). For
all data, baseline and endpoint values were reported as averages of days 1 and 2, and days
28 and 29, respectively. Results are expressed as mean + standard error of the mean
(SEM). Baseline, endpoint, absolute change, and percentage change values were
compared using a crossover analysis of variance (ANOVA) followed by a Dunnett’s
multiple comparison test, with treatment and phase as fixed factors, and subject as a
random factor in the model. The effect of potential sources of bias was examined
including starting lipid values, treatment order, response to specific treatment, and
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seasonal effect through the trial. No bias was identified, which indicated that the sample
size was representative of the multiple possible responses to be found within the
population. Baseline values were inserted into the model as covariates for serum lipid
measurements. To standardize plasma PS, as well as serum fat-soluble vitamins and
carotenoids, serum concentrations of each compound were divided by plasma TC or
LDL-C concentrations, respectively. For serum lipid levels, a two-tailed paired Student’s
test was used to compare baseline and endpoint within each treatment. Statistical
significance was set at p<0·05 for all analyses.

3.4 Results
3.4.1 Subject characteristics
Fifty-three participants were initially recruited while 25 males and 22 females completed
the entire trial. Reasons for the inability to complete the trial included not being able to
consume yogurt (n=2), relocation to another city (n=1), and personal reasons (n=3).
Baseline characteristics of the subjects who completed the study are shown in Table 2.
All participants exhibited good tolerance to the experimental treatments and no side
effects were reported. The subjects reported no change in physical activity, and no
significant differences were observed in body weight after the consumption of the three
treatments.
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3.4.2 Serum lipid concentrations in response to PS treatments
Baseline and endpoint plasma lipid concentration responses to each treatment are shown
in Table 3. No significant differences at baseline among the three treatments in any of the
lipid parameters assessed were observed.

Supplementation of both WD-PS and PS-esters improved serum lipoprotein profiles. In
particular, reductions (p< 0.001) were observed in endpoint total and LDL cholesterol
levels compared with control. Although no treatment effects were observed in HDL-C
levels at endpoint across the three treatments, ratios of TC to HDL-C and non-HDL-C to
HDL-C showed significant reductions (10.5%, 15.2%, p<0.05, respectively) for the
supplementation of WD-PS, but not for supplementation of the PS-esters compared to
control (Table 3). Plasma TG concentrations failed to as a function of treatment between
endpoints. Over the treatment period, however, TG levels were reduced (13.9%, p<0.05)
from baseline due to consumption of WD-PS-enriched yogurt, compared to PS-estersenriched yogurt, but not compared to control (Table 3).

Finally, compared with the control product, consumption of the WD-PS-enriched yogurt
and PS esters-enriched yogurt similarly lowered (p<0.001 for all) TC concentrations on
average by 7.7 % and 6.2%, respectively. Likewise, consumption of WD-PS and PSesters in yogurt lowered (p<0.001 for all) LDL-C on average by 11.7% and 11.6%,
respectively (Table 3). No differences were observed in baseline to endpoint of body
weights across the three treatments. Furthermore, initial BMI was not associated with
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subsequent reductions in TC and LDL-C levels in response to PS-esters and/or
dispersible PS supplementation.

3.4.3 Plasma carotenoid and vitamin levels in response to treatment
Table 4 provides the fat-soluble vitamin and carotenoid concentrations at the end of each
phases, as well as the serum fat-soluble vitamin and carotenoid concentrations, expressed
relative to LDL-C levels. Neither intervention, WD-PS and/or PS-esters, had an effect on
neither fat-soluble vitamins nor carotenoid levels. Although supplementation of WD-PS
and PS-esters slightly decreased serum α-tocopherol and γ-tocopherol concentrations, no
significant differences were observed for these two vitamins relative to control.
Moreover, after α-tocopherol and γ-tocopherol concentrations were corrected for LDL-C
levels, no significant differences were found across treatments (Table 4). Likewise,
consumption of both WD-PS and PS esters-enriched yogurts were followed by slight
reductions in concentrations of all plasma carotenoids.

3.4.4 Plasma plant sterol concentrations in response to treatments
Plasma PS concentrations and PS concentrations expressed relative to TC are provided in
Table 5 at the end of each phases. Plasma concentrations of β-sitosterol were increased
(p<0.001) for both WD-PS and PS-esters relative to control. Similarly, endpoint adjusted
β-sitosterol by TC levels were increased (p<0.001) after both the WD-PS and PS-ester
phases, compared to control. Plasma stigmasterol levels similarly increased (p<0.001)
after consumption of the WD-PS-enriched yogurt compared to control yogurt. Likewise,
the endpoint adjusted stigmasterol, to TC, were increased (p<0.05) for WD-PS phase, not
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for PS-esters, compared to control. For plasma campesterol there was a trend (p=0.12)
towards increased concentration in the WD-PS phase compared to control. Nonetheless,
after adjusting for TC, plasma levels of campesterol increased (p<0.05) for WD-PS phase
compared to control. No effects of WD-PS or PS-esters were observed on the cholesterol
synthesis markers desmosterol and lathosterol.

3.4.5 Clinical chemistry measures as a function of treatment
Clinical chemical parameters analyzed include AST, ALT, ALKP, GGT, LDH, and CRP
levels (Table 6). Although variations were found in the parameters, these differences
were of no statistical or clinical significance. No treatment effect was observed with any
of these parameters.

3.5 Discussion
In the present study, supplementation of WD-PS resulted in a reduction of plasma TC and
LDL-C concentrations compared to control; supporting the notion that proper
solubilization of new formulation of PS is essential for proper efficacy. In addition,
consumption of WD-PS-enriched yogurt, but not PS-esters, effectively lowered TC/HDLC and Non-HDL/HDL-C ratios, compared to control. Considering the importance of the
TC/HDL-C ratio, as a better index in identifying individuals associated with greater risk
of subsequent coronary heart disease events than TC or LDL-C levels alone (10), the
lower TC/HDL-C ratio observed gives an indication of the potential benefits of food
fortified with the new formulation of WD-PS in improving plasma lipid profiles in the
hyperlipidemic individuals studied.
30

In accordance with the plasma plant sterols and cholesterol precursor concentrations data,
the percent cholesterol synthesis rates did not increase with supplementation of WD-PS
or PS-esters, as compared to the placebo phase. Additionally, supplementation of WD-PS
or PS-esters failed to adversely influence fat soluble vitamin or carotenoid levels before
or after adjustment for LDL-C levels, as compared to the placebo. Furthermore, this study
reaffirms that yogurt can be utilized as an efficacious PS delivery vehicle to favorably
shift cholesterol concentrations.

Long term consumption of PS has been shown to decrease plasma fat soluble and
carotenoid concentrations (26, 27). In the present study no reduction in the concentrations
of plasma fat soluble vitamins or carotenoids was observed after consumption of WD-PS
or PS-esters compared to control. The present results are in agreement with those of
Raeini-Sarjaz et al (28) who showed no effect of sterol (1.9 g/d) or stanol esters (1.8 g/d)
enriched diets on serum retinol, α - and γ-tocopherol, vitamin D and K concentrations, or
their change relative to baseline. Similarly, Hallikainen and Uusitupa (29) reported no
changes in serum retinol concentrations after 8 wk of consumption of 2.3 g/d stanol
esters, while serum β-carotene and α-tocopherol concentrations were reduced. Therefore,
we can conclude that the 2 g/d dose of WD-PS or PS-esters appear to provide minimal
reductions in other plasma fat-soluble components.

In the present study, consumption of PS–enriched yogurt (WD-PS and PS-esters)
increased plasma sitosterol levels while no changes were observed in plasma campesterol
levels. This finding is inconsistent with existing knowledge that an increase in PS intake
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promotes plasma concentrations of sitosterol and campesterol by 20% to 100% and 40%
to 100%, respectively (13, 30, 31).

Furthermore, in the present study consumption of WD-PS or PS-esters showed no
increase in cholesterol synthesis biomarkers. Similar to this result, Gremaud et al. (10)
observed that lecithin-solubilized stanols, in an oil-water emulsion, decreased cholesterol
absorption without a corresponding increase in cholesterol synthesis. It should be noted
that the increases in cholesterol synthesis, as in this present study, were less extensive
compared to effects seen previously (31) which used PS in traditional matrices, such as
margarine. The difference in magnitude of the change in cholesterol synthesis may also
be due to the dose of PS consumed or to the frequency of PS consumption, either of
which could potentially alter cholesterol synthesis to a greater or lesser degree (32).

In summary, our findings demonstrate that consumption of WD-PS enriched yogurt by
mild-to-moderately hypercholesterolemic subjects decreased TC/HDL-C and nonHDL/HDL-C ratios, and TG levels to a greater extent than PS-esters consumption.
However, both WD-PS and PS-ester- enriched yogurt favorably modify blood lipid
profiles without altering plasma liver enzymes and/or CRP concentrations. Hence, our
study supports the fact that there may be added advantages of a more highly solubilized
WD-PS form over traditional PS-esters in terms of overall lipid level management.
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3.8 Tables
Table 1: Composition of plant sterols

WD-PS

PS-esters

Beta-sitosterol

70%-80%

<80%

Campesterol

<15%

<30%

Stigmasterol

<2%

<30%

Sitostanol

<15%

<15%

Campestanol

<5%

<5%

Other sterols

<3%

<3%

Note: WD-PS, water dispersible plant sterol; PS-esters, esterified plant sterol
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Table 2: Baseline characteristic of subjects
Anthropometric and serum lipid
measurements

Mean

SEM

Age (years)
Body wt (kg)
Height (cm)
BMI (kg/m²)
Total cholesterol (mmol/l)
LDL-cholesterol (mmol/l)
HDL-cholesterol (mmol/l)
TG (mmol/l)
CRP (mg/l)

50
80.4
168.2
28.2
6.0
3.8
1.4
1.7
1.5

2.1
2.7
1.4
0.7
0.2
0.2
0.1
0.1
0.3

Blood Pressure:
Systolic (mmHg)
Diastolic (mmHg)

121
78

2.4
1.8

Liver Enzymes:
AST (U/l)
ALT (U/l)
LDH (U/l)
ALKP (U/l)
GGT (U/l)

22.9
38.2
529.7
76.9
37.4

2.0
4.7
10.7
3.0
3.4

Note: ALKP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, asparagine aminotransferase; GGT, g-glutamyltransferase;
LDH, lactate dehydrogenase; CRP, C-reactive protein
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Table 3: Plasma lipid concentrations in response to each treatments
Parameters
Total Cholesterol
Start
End
Change
Change (%)
Change relative to control (%)
LDL-Cholesterol
Start
End
Change
Change (%)
Change relative to control (%)
Non-HDL Cholesterol
Start
End
Change
Change (%)
Change relative to control (%)
HDL-Cholesterol
Start
End
Change
Change (%)
Change relative to control (%)
Triglycerides
Start
End
Change
Change (%)
Change relative to control (%)
TC/HDL-C
Start
End
Change
Change (%)
Change relative to control (%)
NHDL/HDL-C
Start
End
Change
Change (%)
Change relative to control (%)

Control

WD-PS yogurt

PS-esters yogurt

5.85±0.15
6.04±0.15
0.20±0.08
3.85 ± 1.25

5.98±0.15
5.73±0.13**
-0.26±0.07**
-3.85 ± 1.12**
-7.69 ± 1.46

5.89±0.14
5.72±0.13**
-0.18±0.08**
-2.41 ± 1.35*
-6.25 ± 1.93

3.67±0.14
3.82±0.15
0.17±0.08
5.5 ± 2.1

3.84±0.14
3.58±0.13**
-0.27±0.06**
-6.22 ± 1.46**
-11.72 ± 2.52

3.75±0.13
3.50±0.12**
-0.25±0.07**
-6.05 ± 1.91**
-11.56 ± 2.94

4.40±0.15
4.60±0.15
0.20±0.09
5.69 ± 1.96

4.58±0.15
4.30±0.13
-0.28±0.07
-5.44 ± 1.42**
-11.13 ± 2.34

4.48±0.14
4.32±0.13
-0.17±0.07
-3.03 ± 1.56*
-8.72 ± 2.60

1.44±0.06
1.44±0.05
-0.01±0.04
1.18 ± 1.85

1.40±0.05
1.43±0.05
0.03±0.02
2.65 ± 1.79
2.66 ± 1.79

1.41±0.05
1.40±0.05
-0.02±0.02
-0.05 ± 1.58
-0.04 ± 1.58

1.70±0.12
1.80±0.13
0.09±0.09
13.16 ± 7.71

1.68±0.11
1.62±0.12
-0.05±0.05 Ϯ
-0.76 ± 3.40Ϯ
-13.92 ± 8.63 Ϯ

1.63±0.11
1.80±0.13
0.17±0.06
13.74 ± 4.49
0.58 ± 9.05

4.32±0.19
4.46±0.19
0.13±0.11
5.16 ± 3.61

4.50±0.18
4.21±0.16*
-0.30±0.09**
-5.39 ± 1.53*
-10.55 ± 3.75

4.41±0.17
4.33±0.18
-0.09±0.06
-1.85 ± 1.34
-7.01 ± 3.97

3.32±0.19
3.46±0.19
0.13±0.11
8.47± 5.83

3.5±0.18
3.21±0.16
-0.29±0.09**
-6.74 ± 1.94*
-15.21 ± 5.90

3.41±0.17
3.32±0.18
0.09±0.06
-2.36 ± 1.74
-10.82 ± 6.23

Note: Concentrations are expressed as mmol/l, except for the ratios.
Treatment effects were examined by one-way ANOVA. Values are mean±SEM; N=47.
(*p<0.05, **p<0.001) Comparisons of WD-PS and PS-esters with Control are
significant.
Ϯ

p<0.05 Comparison of WD-PS with PS-esters is significant, but not significant from

Control.
Change and percentage change are based on individual data.
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Table 4: Endpoint plasma carotenoid and vitamin levels in response to treatment
Control

WD-PS

Wk 4

Wk 4

Absolute
change

Wk 4

Absolute
change

α-Tocopherol

63.87±2.64

62.66±2.51

-1.22±3.28

62.36±4.11

-1.51±3.28

α-Tocopherol-LDL

10.54±0.43

10.9±0.45

0.37±0.51

10.79±0.63

0.25±0.51

γ-Tocopherol

9.62±0.65

9.87±0.72

0.25±0.84

9.61±0.41

-0.30±0.84

γ-Tocopherol/LDL

1.60±0.11

1.73±0.13

0.13±0.13

1.62±0.07

0.03±0.13

Retinol

3.40±0.19

3.88±0.18

-0.02±0.19

3.89±0.26

-0.00±0.19

Retinol/LDL

0.65±0.03

0.67±0.03

0.02±0.03

0.67±0.04

0.03±0.03

Lutein

0.36±0.02

0.36±0.02

0.00±0.02

0.32±0.02

-0.04±0.02

Lutein/LDL

0.06±0.00

0.06±000

0.00±0.00

0.06±0.00

-0.00±0.00

β.Carotene

0.63±0.07

0.62±0.05

-0.01±0.05

0.59±0.06

-0.04±0.05

β.Carotene/LDL

0.10±0.00

0.10±0.00

0.00±0.01

0.10±0.00

0.00±0.01

Lycopene

0.69±0.05

0.62±0.04

-06±0.07

0.63±0.07

-0.06±0.07

Lycopene/LDL

0.12±0.00

0.11±0.00

-0.01±0.01

0.11±0.01

0.01±0.01

Note: Concentrations are expressed as µmol/l

PS-esters

Values are mean± SEM; N=47.

Corrected values to LDL are expressed as µmol/mmol.
Treatment effects were examined at the end of the three different phases by one-way ANOVA.
Absolute change was calculated for each subject as follow: [Wk 4 (WD-PS, PS-esters)]-[Wk 4 (control)].
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Table 5: Plasma plant sterol, stanol, and cholesterol precursor concentrations at the end of each treatment phases
Control
Wk 4

WD-PS
Absolute change

Wk 4

Desmosterol

2.80±0.37

2.95±0.35

0.15±0.33

3.06±0.29

0.26±0.33

Brassicasterol

0.18±0.14

0.22±0.09

0.03±0.15

0.19±0.09

0.01±0.15

Lathosterol

3.69±0.36

4.03±0.37

0.34±0.27

3.86±0.36

0.18±0.27

Campesterol

6.47±0.62

7.04±0.7

0.58±0.37

6.75±0.37

Stigmasterol

0.11±0.06

0.65±0.28

0.54±0.26**

0.30±0.15

0.25±0.37
change
0.18±0.26

β sitosterol

3.52±0.47

6.06±0.62

2.55±0.46**

5.51±0.56

2.00±0.46**

Stigmastanol

0.35±0.14

0.58±0.46

0.23±0.41

0.49±0.33

0.14±0.41

Desmosterol/Cholesterol

0.46±0.06

0.51±0.06

0.05±0.06

0.54±0.05

0.07±0.06

Brassicasterol/Cholesterol

0.02±0.02

0.04±0.02

0.13±0.02

0.03±0.02

0.01±0.02

Lathosterol/Cholesterol

0.61±0.06

0.70±0.06

0.09±0.05

0.67±0.06

0.06±0.05

Campesterol/Cholesterol

1.07±0.10

1.23±0.12

0.15±0.06*

1.17±0.11

0.10±0.06

Stigmasterol/Cholesterol

0.02±0.01

0.12±0.05

0.10±0.05*

0.06±0.03

0.04±0.05

β sitosterol/Cholesterol

0.58±0.08

1.05±0.10

0.47±0.14**

0.96±0.10

0.37±0.13**

Stigmastanol/Cholesterol

0.06±0.02

0.10±0.08

0.04±0.07

0.08±0.06

0.03±0.07

Wk 4

PS-esters
Absolute change

Ratios (µmol/mmol)
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Note: Concentrations are expressed as µmol/l

Values are mean±SEM; N=47

Treatment effects were examined at the end of the three different phases by one-way ANOVA.
Absolute change was calculated for each subject as follow: Wk 4 (WD-PS, PS-esters)]-[Wk 4 (control)].
**p<0.001 compared with the control *p<0.05 compared with control.
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Table 6: Liver function test parameters and C- reactive protein levels in response to
treatments
Control

WD-PS

PS-esters

Absolute

Absolute

Wk 4

Wk 4

AST (U/l)

20.6±1.33

22.5±1.72

1.9±1.30

21.3±1.48

0.7±1.30

ALT (U/l)

35.2±2.71

38.1±3.54

2.9±3.13

40.5±4.54

5.4±3.13

LDH (U/l)

504.5±7.9

509.7±9.9

5.2±11.02

514.8±13.17

10.4±11.02

ALKP (U/l)

80.3±6.39
6

73.7±2.52
2

-6.6±6.93

72.8±2.62

-7.5±6.93

GGT (U/l)

35.3±2.84

36.8±3.08

1.6±1.51

36.6±2.82

1.5±1.51

CRP (mg/l)

1.75±0.35

1.50±0.29

-0.26±0.44

1.60±0.31

-0.15±0.44

change

Wk 4

change

Note: Values are means±SEM.
ALKP, alkaline phosphatase; ALT, alanine aminotransferase; AST, asparagine
aminotransferase
GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; CRP, C-reactive protein
Absolute change was calculated for each subject as follow: Wk 4 (WD-PS, PS-esters)][Wk 4 (control)].
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CHAPTER 4. SUMMARY OF FINDINGS AND GENERAL CONCLUSION

The purpose of this study was to assess the LDL-C lowering efficacy of a new
formulation of water dispersible plant sterol, compared to plant sterol esters, in treatment
of dyslipidemia. The following section outlines key points of the findings, discusses their
implication, and gives suggestions for future research in this area.

In reviewing the data on two different formulations of PS (WD-PS vs. PS-esters), it was
shown that supplementation of WD-PS not only helps to regulate circulating total and
LDL-C levels equally to PS-esters, but is also associated with additional benefits for
optimizing lipid profiles. More specifically, supplementation of WD-PS lowered ratios of
TC to HDL-C and also NHDL-C to HDL-C while consumption of PS-esters did not
effectively alter any of these two ratios. In addition, it was shown that consumption of
WD-PS resulted in a decrease of TG levels compared to PS-ester.

Accurate risk assessment requires a complete lipid profile because it will identify more
high-risk individuals than evaluating LDL-C levels alone (50). Although lowering LDLC remains to be the first line therapy for primary and secondary prevention CHD, the
latest guidelines of the third Adult Treatment Panel guidelines of the US National
Cholesterol Education Program (ATP III) recommend a full fasting lipoprotein profile to
include total cholesterol, LDL-C, HDL-C, and triglyceride levels, as the initial lipid
measurement in all individuals for CHD risk assessment (64).
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As in risk assessment, there is much evidence to suggest that elevated triglycerides are
predictive of CHD risk (65, 66), however, it is often accompanied by other metabolic
disturbances including reduced levels of HDL-C, and elevated TC and TC/HDL-C ratio
which amplify CHD risk. While the interaction with these predictive parameters of CHD
risk makes it difficult to assess the independent risk conferred by TG levels, combined
elevations of TG and LDL-C levels may confer greater risk than isolated increases in
either one (50, 67).

More recently, the ratio of TC/HDL-C as an index combining the proportion of
atherogenic to antiatherogenic lipids and lipoproteins, has been considered not only as the
best predictor of CHD risk in epidemiologic studies (50), but also as having value as a
therapeutic target and recognized as a predictor for cardiovascular risk in patients on
LDL-C–lowering therapy (47, 67). Global cardiovascular risk assessment described in the
2009 recommendations from the Canadian Cardiovascular Society, set target lipid levels
to better stratify intermediate risk patients (68). In the guidelines, reaching LDL-C goals
remains to be the first line therapy. TC/HDL-C ratio and triglyceride levels are also
defined as important in risk stratification in primary prevention of CHD with the defined
optional target as TC/HDL-C <4 and TG <1.7 mmol/L).

Thus, based on the demonstrated importance of T-C/HDL-C ratio (46, 69, 70) as a better
index to predict the risk of heart disease than traditional lipid testing indicators, TC alone
or LDL-C levels; the lower T-C/HDL-C and NHDL-C/HDL-C ratios observed after
consumption of WD-PS may confirm that this new formulation is a more highly
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advantageous form of PS for hypercholesterolemia than PS-esters. Moreover, the lower
TG levels observed after consumption of WD-PS, compared to PS-esters, gives an
indication of the potential improved benefits of food fortified with WD-PS in prevention
of CHD in moderate to hyperlipidemic individuals.

Moreover, in most jurisdictions, public health recommendations for healthy eating
suggest reduction in the total amount of fat consumed by all individuals. Accordingly,
current community preference lies in the direction of reduced fat intake that may reduce
consumption of high fat fortified food with plant sterol including margarines, while WDPS is not require to be incorporated in fat based foods. Thus, it is expected that long-term
compliance of fat free foods fortified with WD-PS remains significant.

In conclusion, these findings demonstrated that the consumption of yogurt fortified with
the new formulation of WD-PS in moderate to hypercholesterolemic subjects, in the
context of free-living, favorably modulates certain indicators of CHD risk. In particular,
TC and LDL-C levels were improved by a comparable degree for WD-PS and PS-esters.
However, TG levels, as well as TC/HDL-C and non-HDL-C/HDL-C ratio concentrations
were decreased as a result of supplementation of WD-PS, but not for PS-esters. In view
of these findings, it is possible to support the use of a new formulation of WD-PS as an
effective nutraceutical means of improving lipid profiles, which may offer a greater level
of heart disease protection compared to PS-esters in moderate to hypercholesterolemic
population.
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Appendix2. Medical examination form
Phase

Study Physician

Pre-study
Date of Visit
____/____/__
MM
DD

Investigator
Dr. Peter Jones

Subject Code

YR

COMPLETE PHYSICAL EXAMINATION
A. Vital Signs
Body Weight:_________ lbs _____ _____ kg

Height: ______ ____cm

Respirations:___________

Blood Pressure (seated): _______/_______ mmHg
systolic diastolic

Heart Rate:________bpm

Race/Ethnic Origin:
 Caucasian
 African-American/Canadian

 Asian

 Other:__________

B. Body Systems (Check the appropriate box if organ system was examined. If not done, write N/D in the box)
Normal

Abnormal

*Details of abnormal finding

1) Ears, Nose, Throat
2) Eyes
3) Dermatological
4) Musculoskeletal
5) Lymph Nodes
6) Neurological
7) Cardiovascular
8) Respiratory
9) Endocrine
10) Urogenital
11) Gastrointestinal
(complete section C)
C. Gastrointestinal Cont…
Bowel Habits:

Frequency__________/Day

Urination: Frequency_________/Day
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Consistency_____________

Nocturia_________/Night

Medications:

Hospitalizations:

Family History:

D. Medical History
YES

NO

Have you taken a glucose lowering medication or a medication affecting
lipid metabolism (cholestyramine, colestipol, niacin, colfibrate, gemfibrozil,
probucol, HMG-CoA reductase inhibitors, and high-dose dietary
supplements, plant sterols or fish oil capsules) within the past 3 months?
Do you take systemic aspirin, NSAIDS. antibodies, corticosteroids,
androgens or phenytoin within the past 3 months?
Are you on anticoagulant therapy?
Do you smoke?
Do you consume large amounts of alcohol? (more than 2 drinks per day or
12 drinks per week)
Do you follow a specific diet?
Do you have major food allergy?
Do you have lactose intolerance?
Have you had major surgery in the last 6 months?
Do you have diabetes mellitus?
Do you have kidney disease?
Do you have liver disease?
Do you have heart disease?
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Do you have gastrointestinal, pancreatitis or biliary disease (onset within
past three months)?
Have you had cancer? If yes, occurrence of therapy within past 1 year?
Do you have anemia, bleeding disorder or significant blood loss/donation?
Do you have uncontrolled thyroid disease or hypertension? (Subject will be
accepted if she is on a stable dose of a thyroid or blood pressure medication
that has no known effects on blood lipid metabolism.)
Do you have a history of eating disorders?
E. Additional Physician Notes

Based on the medical examination and medical history, is the subject eligible to participate
in the study protocol (circle one):
YES

NO

Physician’s Signature:_____________________________________
Date:___________________________
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Appendix 3. General information sheet

July 26, 2010

Unofficial General Information Sheet

Efficacy of a Plant Sterol-Fortified Dairy Product on Plasma Lipid and Plant Sterol
Concentrations in Humans

Study Objective:
The purpose of the study is to evaluate the relative lipid-lowering efficacy of
consumption of two different plant sterol (PS) preparations (dispersible free PS compare
to PS esters). In particular the study will assess if improved matrixing and dispersion of
PS in an emulsion will increase it efficacy in cholesterol lowering. It has been shown that
the consumption of PS favourably alter blood cholesterol level. It is anticipated that
consumption of the free dispersible PS enriched dairy products (new formulation) will
more improve lipid profile, as well as other health-related markers.
Study Design:
The study will consist of 3 treatment phases (30 days each) separately by one month break
period. . The 3 phases of treatments will include:
1) Study meal with placebo (regular dairy product).
2) Study meal with free PS dairy product (1.95g/d of PS).
3) Study meal with PS ester-fortified dairy product (1.95g/d of PS).
While participating in the treatment phase, you will be required to come to the RCFFN centre
to consume your supper time meal (1 meal) along with your assigned treatment under the
supervision of the research staff. The meal will reflect a standard North American diet
including foods such as chicken, spaghetti, and chili. You will follow your normal eating
routine for the other 2 meals of the day.
At the end of each phase, during the month of break period, you will return to your normal
eating and will not have to come to the centre.
We ask you not to consume alcohol or caffeinated beverages throughout the phase.

Study Measurements:
1) During days 1, 2, 29 and 30 of each of the three phases of the trial, fasting blood samples
(approximately 2 tablespoons will be taken on each blood draw day) will be obtained for
assessment of blood fat levels and blood fat metabolism. Each blood test will take
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approximately 5 minutes. The total amount of blood drawn during each phase of the study
will be approximately 18 tablespoons.
2) On day 1 and 30 of each phase you will be asked to give a urine sample.
3) At the end of each phase you will be asked to fill out a 3-day food diary.
Thank you for considering volunteering for our study.
Please contact Dr. Peter Jones for further information (204-298-5483).
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Appendix3. General subject screening form

General Subject Screening Form
To be filled out by participant:
Circle appropriate YES/NO responses
Name:
Date of Birth:
Sex:

Month
Male:

Caucasian

YES

Day
Year
Female:
Postmenopausal: YES
NO
NO
for Spice trial only

Contact Information
Street Address
Postal Code
City
Home Phone:
Cell Phone:
Email:
Medical History
Diabetes mellitus
Thyroid disease
Kidney disease
Liver disease
Heart disease
Hypertension
Other

YES
YES
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO
NO
NO

If Yes to Other, please specify:
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Cholesterol lowering medication?
(in the last 3 months)
Other medications

YES
YES

NO

NO
If Yes, specify:

Are the doses of these
medications stable? YES…NO

Vitamin, Mineral supplement
Herbal, food supplement
Laxatives
Fiber
Allergies (food such as corn)
Vegetarian
Any metallic bone components
Lifestyle
Smoker?
If Yes, how many per day?
Drink Alcohol?
If Yes, how many drinks/week

YES
YES
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO
NO
NO

If Yes, specify:
If Yes, specify:

If Yes, specify:

YES

NO

YES

NO

To be filled out by a study coordinator:
Screening Information
Weight
lbs:
Height
‘
2
BMI (kg/m )
Waist circumference (inches)
Hip circumference (inches)
Blood pressure
Systolic
Screening code
(initials:mm:day:year; eg TR:07:22:10)

“

kg:
m:

Diastolic

Is subject fasted for blood sampling?
YES
NO
Do you have a nutrition study preference?
(a) Spice/Herb (free-living)
(c) Healthy oils (full-feeding)
(b) Plant sterol cholesterol lowering (1 meal/day)
(d) Barley fiber (fullfeeding)
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Appendix4. Consent form

September 13, 2010

RESEARCH SUBJECT INFORMATION AND CONSENT FORM
Title of Study: Efficacy of Plant Sterol-Fortified Dairy Product on Plasma Lipid and
Plant Sterol Concentrations in Humans
Investigator:

Peter Jones, PhD
Richardson Centre for Functional Foods and Nutraceuticals
University of Manitoba
196 Innovation Drive, Smartpark
Winnipeg, Manitoba R3T 6C5
Phone: (204) 474-9787

Sponsor:

Naturalis S.A
Avda. Pdte. Edo. Frei Montalva, 6000.
Quilicura Santiago, Chile
8700548
Phone: 56-2-4433522

You are being asked to participate in a research study. Please take your time to review
this Information and Consent Form and discuss any questions you may have with the
study staff. You may take your time to make your decision about participating in this
clinical trial and you may discuss it with your regular doctor, friends and family. This
consent form may contain words that you do not understand. Please ask the study doctor
or study staff to explain any words or information that you do not clearly understand.
Purpose of study
The purpose of the study is to evaluate the lipid-lowering efficacy and safety of
consumption of two plant sterol (PS) formulations compared to a placebo product. It has
been shown that the ingestion of PS result in a favorable modification of lipid profiles.
Therefore, it is anticipated that consumption of these PS enriched dairy products will
improve lipid profile, as well as other health-related markers.
If you want to take part in this clinical study you will need to first do a genetic test. The
purpose of this genetic test is to identify carriers of the genetic factor which leads to
phytosterolemia. Phytosterolemia is a rare condition which causes a build-up of plant
sterols in the body which can lead to heart disease. Not all carriers develop
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phytosterolemia, but they may be at risk for cholesterol, heart valve and certain blood
problems. Therefore, carriers of the gene need to be identified so they can receive
necessary counselling or treatment. The genetic testing will require cheek swab samples
from all participants.
Study procedures
You will be also asked to have a fasting (nothing to eat or drink 12 hours before the test)
blood sample of approximately two teaspoons taken to measure your blood fat levels. If
you meet eligibility requirements, you will be invited back for further screening where a
fasting blood sample of four teaspoons will be taken to do a complete blood count, and
biochemistry profile. We will also carry out a genetic test to identify if you have the
disorder termed phytosterolemia. Phytosterolemia is a rare condition which causes a
build-up of plant sterols in the body which can lead to heart disease. Therefore,
individuals with phytosterolemia need to be identified and excluded from the study.
Prior to beginning the study, you will undergo a physical examination to determine
whether you are eligible to participate. During the physical examination, the physician
will measure your vital signs and ask you some questions regarding your medical history.
An electrocardiogram (EKG) may be performed at the discretion of the physician in
charge. Pregnancy tests will be performed for all pre-menopausal female subjects at
screening visits and at the beginning of each phase, if it is positive at screening or during
the study they will be asked to stop taking study treatment immediately and be withdrawn
from the study. Any change in your health status at any point during the study needs to be
reported to the study investigators.
The study will consist of 3 phases of 30 days during which you will consume your supper
time meal (1 meal) at the centre along with your assigned treatment under supervision.
You will follow your normal eating routine for the other 2 meals of the day. We ask you
not to consume alcohol or caffeinated beverages throughout the phase. At the end of
each phase, a washout period of 4 weeks will be followed during which you will consume
your habitual diets. The 3 phases of treatments will include:
1) Study meal with placebo (regular dairy product).
2) Study meal with free PS dairy product (a novel formulation for dispersible
free sterols in aqueous media produced by Harting SA company). The study
treatment will provide 1.95g/d of PS.
3) Study meal with PS ester-fortified dairy product (a commercially available
PS-ester preparation). The study treatment will provide 1.95g/d of PS.
This study is with a double –blinded design which means neither you nor the clinical staff
will know which variation of the treatments you will be receiving. You will receive all 3
treatments, however, it will be unknown the order you will be given in what phase. In an
emergency, this information will be made available.
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During days 1, 2, 29 and 30 of each of the three phases of the trial, fasting blood samples
(approximately 2 tablespoons will be taken on each blood draw day) will be obtained for
assessment of blood fat levels and blood fat metabolism. Each blood test will take
approximately 5 minutes. The total amount of blood drawn during each phase of the
study will be approximately 18 tablespoons. The total blood volume required for this trial
will be approximately 3.5 cups.
On day 1 and 30 of each phase you will be asked to give a urine sample. In addition,
you will be asked to fill out a 3-day food diary at the end of each phase.

Risks and discomforts
In the event that you are identified as possessing phytosterolemia through the genetic test,
this information could in the future affect your position if an insurance company or
employer were to request it. We however, would never divulge such information without
your written approval. All the results, including the genetic test result, will be kept
confidential and will only be used for research purposes. The information will not be
recorded in your hospital chart, should there be one.
There may be anxiety if in the future you are found as possessing phytosterolemia.
Genetic counselling will always be available to you to discuss the result of the genetic
test. .As with any clinical trial, there may be as yet unknown or unforeseen risks of taking
part.
The PS formulated with the proposed preparation procedures and at the proposed dose
level, has been shown to have no known direct negative side effects on health in existing
animal and human experiments. Some known risks, although rare, are associated with
placing a needle into a vein. These include the possibility of infection, perforation or
penetration of the needle through the vein, and bleeding, pain, or bruising at the site. In
case you feel any discomfort during the experimental trial a physician, Dr. Kesselman,
will be available to contact at any time. Dr. Kesselman can be reached at (204) 954-4486.
Benefits
You may not benefit from participation in this research; however, the study should
contribute to a better understanding of the effect of PS formulations on health. It is also
anticipated that oral intervention with these PS products will provide positive effects on
lipid lowering efficacy and other health-related markers. In addition to the above, you
will also receive your individual results and the average results of the entire group when
they become available.
Costs
All clinic and professional fees, diagnostic and laboratory tests that will be performed as
part of this study are provided at no cost to you. There will be no cost for the study
treatment that you will receive. The study cost and honorariums will be covered by
Naturalis S.A, the study sponsor.
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Payment for participation
You will receive up to a maximum of $600 at completion of this study for your time and
inconvenience of the study schedule. This amount will be divided into 3 equal portions
and 1 portion given after each phase. If you withdraw early from the study, you will
receive an appropriate pro-rated fraction of this amount.
Alternatives
You do not have to participate in this study. The study coordinators, physician and
principal investigator will answer any questions you have about the experimental group
of this study. You should be aware that medications exist as an alternative to treatment of
lowering lipid and blood cholesterol levels.
Confidentiality

Medical records that contain your identity will be treated as confidential in accordance
with the Personal Health Information Act of Manitoba. The RCFFN staff involved with
your care may review/copy medical information that may reveal your identity. With your
permission, the study doctor will also write to your Family Doctor to tell him/her that you
are taking part in a study or to obtain further medical information. The Biomedical
Research Ethics Board at the University of Manitoba may also review your researchrelated records for quality assurance purposes. If the results of the trial are published,
your identity will remain confidential. Personal information such as your name, address,
telephone number and/or any other identifying information will not leave the RCFFN.
Unless you have provided specific authorization or where the law permits or a court
order has been obtained, your personal results will not be made available to third parties
such as employers, government organizations, insurance companies, or educational
institutions. This restriction also applies to your spouse, other members of your family
and your physician.
You will be assigned a subject code. The coding system of the study for subject
identification will be the initials of each subject followed by a three-digit number. The
three-digit number will be based on chronological order of subject selection. The
identification codes corresponding to the study subjects will be on the written documents
which will only be available to the RCFFN staff.
Study samples will be stored in the freezer at the RCFFN. Only the study coordinators
and the principal investigator will have access to the samples. Your DNA samples used
for genetic testing during screening and blood samples will not be used for any additional
analyses, nor stored for any longer than 2 years, nor shared with any other group, other
than is indicated in the protocol, without your specific consent.
Voluntary participation/withdrawal from the study
Your decision to take part in this study is voluntary. You may refuse to participate or you
may withdraw from the study at any time. Your decision to not participate or to withdraw
from the study will not affect your other medical care.
77

Your participation in this study may be terminated without your consent by the study
coordinators, physician or principal investigator. The study staff will withdraw you if
he/she feels that participation is no longer in your best interest, or if you fail to follow the
directions of the study staff.
If you decide to participate, you will agree to cooperate fully with the study visit
schedule, and will follow the study staff’s instructions.
We will tell you about new information that may affect your health, welfare, or
willingness to stay in this study.
Should you wish to withdraw your participation from the study, you must inform the
study coordinators so that your file can be officially close.
Medical care for injury related to the study
In the event of an injury that occurs to you as a direct result of participating in this study,
or undergoing study procedures you should immediately notify the study physician, Dr.
Kesselman at (204) 954-4486 or go to your nearest emergency room to receive necessary
medical treatment. You are not waiving any of your legal rights by signing this consent
form nor releasing the investigator or the sponsor from their legal and professional
responsibilities. If any health abnormalities are identified in the clinical tests conducted
during this experiment, Dr. Kesselman will be contacted, who will inform you of the
results.
Questions
You are free to ask any questions that you may have about your treatment and your rights
as a research subject. If any questions come up during or after the study or if you have a
research-related injury, contact the study doctor and the study staff.
Investigator:
Study Physician

Dr. Peter Jones
Dr. Edward Kesselman

Tel No.
Tel No.

204-474-9787
204-954-4486

For questions about your rights as a research subject, you may contact:
The Biomedical Research Ethics Board, University of Manitoba at 789-3389
Do not sign this consent form unless you have a chance to ask questions and have
received satisfactory answers to all of your questions.
Consent
I agree to allow the study doctor to inform my family doctor that I am participating in this
study or to obtain information regarding my medical history.
Yes
No
1. I have read and understood this Information and Consent Form, and I freely and
voluntarily agree to take part in the clinical trial (research study) described above.
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2. I understand that I will be given a copy of the signed and dated Information and
Consent Form. I have received an explanation of the purpose and duration of the
trial, and the potential risks and benefits that I might expect. I was given sufficient
time and opportunity to ask questions and to reflect back my understanding of the
study to study personnel. My questions were answered to my satisfaction.
3. I agree to cooperate fully with the study doctor and will tell him if I experience any
side effects, symptoms or changes in my health.
4. I am free to withdraw from the study at any time, for any reason, and without
prejudice to my future medical treatment.
5. I have been assured that my name, address and telephone number will be kept
confidential to the extent permitted by applicable laws and/or regulations.
6. By signing and dating this document, I am aware that none of my legal rights are
being waived.
Signature:

Date/Time:

Printed name of above:
________________________________________________________________________
______

For Clinical Study Coordinator: I confirm that I have explained the purpose,
duration etc of this clinical trial, as well as any potential risks and benefits, to the subject
whose name and signature appears above. I confirm that I believe that the subject has
understood and has knowingly given their consent to participate by his/her personally
dated signature.
Signature:

Printed name of above:

Date/Time:

Study role:

ALL SIGNATORIES MUST DATE THEIR OWN SIGNATURE
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Appendix 5: Sensory evaluation for flavored PS enriched-yogurt

Date: Aug 26, 2010
Sensory Acceptance Test
Title: Sensory Evaluation Report for Acceptance Testing of Flavored
Plant Sterol Enriched- Yogurt

Prepared by: Mandana Amir Shaghaghi
Approved by: Dr. Peter Jones

1. STUDY TITLE:
Efficacy of a Plant Sterol-Fortified Dairy Product on Plasma Lipid and Plant Sterol
Concentrations in Humans

2. PURPOSE:
To determine if the flavored water dispersible sterol enriched- yogurt product (WD-PSYogurt) will be scored equal to or better than two other yogurt products (1. favored
yogurt “without enhancement” (F-Yogurt) 2. Flavored sterol esters-enriched yogurt (PSesters- Yogurt)) based on consumer acceptability of products through ranking evaluations
@ 5% specific significance level.
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3. MATERIALS AND METHODS:
Based on preliminary descriptive sensory test, 5 most favorite flavored yogurt samples
(lemon, vanilla, grape, orange and apple) were prepared. A ranking test was used to
determine the actual use (eating) of each flavored for WD-PS-Yogurt product (B.M.
Watts et al, 1989).
Ten panelists from Richardson Center for Functional Foods and Nutraceuticals performed
the evaluation (in-house panel). Three samples were presented for each flavored yogurt
(100g yogurt +20 g WD-PS, 100g yogurt +3.37g PS-esters, and 100 g yogurt). All 3
treatments from each flavor were simultaneously presented to each assessor. The
assessors were instructed to assign the most acceptable texture a rank value of (1), the
sample with the next most acceptable texture a rank value of (2), and the sample with
least acceptable texture a rank value of (3). Panelists were asked to not give the same
rank to two samples.

3. RESULTS:
The ranked values assigned to each sample, for every favored yogurt, were tabulated (as
shown in Tables 1-5). The samples were tested for significant differences by comparing
the rank totals using the Friedman Test Tables (Appendix 1) (B.M. Watts et al, 1989 page
123).
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3.1 Apple flavored yogurt
The ranked values given to each sample of apple flavored yogurts by all 10 panelists
were shown in Table 1.
Based on the Friedman Test Table (Appendix 1), the tabulated critical value at p=0.005
for 10 panelists and three samples, is 11 (B.M. Watts et al, 1989 page 123).
Differences between rank total pairs (Table1):
C-A= 25-15= 10
C-B=25- 20=5 B-A= 20-15=5
Table 1: Tabulated Ranking for Acceptance Test Data for Apple Flavored yogurt

panelist
1
2
3
4
5
6
7
8
9
10
Rank
Total

Yogurt Varieties for each Flavor
A
B
C
1
2
3
1
3
2
2
1
3
2
1
3
2
1
3
1
2
3
2
3
1
1
3
2
1
3
2
2
1
3
15

20

25

Note: Highest rank=1 (most acceptable texture)
Lowest rank=3 (least acceptable texture)

A: F- Yogurt
B: PS-ester-Yogurt
C: WD-PS-Yogurt

Based on the difference between rank total pairs, there were no significant different
between the texture acceptances of PS-ester-Yogurt, F-Yogurt, and WD-PS- Yogurt.
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3.2 Grape flavored yogurt
The ranked values given to each sample of Grape flavored yogurts by all 10 panelists
were shown in Table 2.

Table 2: Tabulated Ranking for Acceptance Test Data for Grape Flavored yogurt

panelist
1
2
3
4
5
6
7
8
9
10
Rank
Total

Yogurt Varieties for each Flavor
A
B
C
1
2
3
2
1
3
1
3
2
2
1
3
3
1
2
1
2
3
1
3
2
3
1
2
2
1
3
1
3
2
17

18

26

Note: Highest rank=1 (most acceptable texture), Lowest rank=3 (least acceptable
texture)

Difference between rank total pairs:
C-A= 26-17= 9
C-B=26- 18= 8
A-B= 18- 17=1

There were no significant different between the texture acceptances of PS-ester-Yogurt,
F-Yogurt, and WD-PS- Yogurt in the grape flavored yogurt.
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3.3 Lemon flavored yogurt
The ranked values given to each sample of lemon flavored yogurts by all 10 panelists
were shown in Table 3.

Table 3: Tabulated Ranking for Acceptance Test Data for Lemon Flavored yogurt

panelist
1
2
3
4
5
6
7
8
9
10
Rank
Total

Yogurt Varieties for each Flavor
A
B
C
3
2
1
2
1
3
3
2
1
3
1
2
1
3
2
2
1
3
1
2
3
1
3
2
2
3
1
3
2
1
21

20

19

Note: Highest rank=1 (most acceptable texture)
Lowest rank=3 (least acceptable texture)

A: F- Yogurt
B: PS-ester-Yogurt
C: WD-PS-Yogurt

Differences between rank total pairs:
C-A= 19-21= -2
C-B=19-20= -1
B-A= 20-21= -1
No significant different between the texture acceptances of PS-ester-Y and F-Yogurt and
WD-PS-Yogurt and F-Yogurt has been found.

3.4 Orange flavored yogurt
The ranked values given to each sample of orange flavored yogurts by all 10 panelists
were shown in Table 4.
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Differences between rank total pairs:
C-A= 25-17= 8
C-B=25- 18=7
B-A= 18-17=1

Table 4: Tabulated Ranking for Acceptance Test Data for Orange Flavored Yogurt

panelist
1
2
3
4
5
6
7
8
9
10
Rank
Total

Yogurt Varieties for each Flavor
A
B
C
1
2
3
2
1
3
3
1
2
2
1
3
1
2
3
2
1
3
2
1
3
1
3
2
1
3
2
2
3
1
17

18

25

Note: Highest rank=1 (most acceptable texture)
Lowest rank=3 (least acceptable texture)

A: F- Yogurt
B: PS-ester-Yogurt
C: WD-PS-Yogurt

No significant different between the texture acceptances of PS-ester-Y and F-Yogurt and
WD-PS-Yogurt and F-Yogurt has been found.

3.5 Vanilla flavored yogurt
The ranked values given to each sample of Vanilla flavored yogurts by all 10 panelists
were shown in Table 5.
Differences between rank total pairs:
C-A= 22-23= -1
C-B=22-25 =-3
B-A= 25-23=2
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Table 5: Tabulated Ranking for Acceptance Test Data for Vanilla Flavored yogurt

panelist
1
2
3
4
5
6
7
8
9
10
Rank
Total

Yogurt Varieties for each Flavor
A
B
C
1
2
3
1
3
2
1
3
2
3
2
1
1
3
2
1
2
3
2
1
3
1
2
3
1
3
2
2
3
1
24

24

22

Note: Highest rank=1 (most acceptable texture)
Lowest rank=3 (least acceptable texture)

A: F- Yogurt
B: PS-ester-Yogurt
C: WD-PS-Yogurt

There were no significant different between the texture acceptances of PS-ester-Yogurt,
F-Yogurt, and WD-PS- Yogurt in the grape flavored yogurt. Interestingly, vanilla
flavored WD-PS-Yogurt had the most preferable texture among the three.

4. CONCLUSION:
In general, the in-house panel found the texture of flavored WD-PS-Yogurt and PS-esterYogurt less acceptable than the texture of F-Yogurt. However, no significant difference
has been found. It appears that all 5 flavors (lemon, vanilla, grape, orange and apple) can
be included in the making plant sterol enriched-yogurt for the purpose of increasing
variety, regardless of the formulation of Plant sterol (WD-PS/PS-ester sterol).

Reference:
Watts, B.M., Ylimaki, L. E., Jeffery, L.E., Elias, L.G., (1989). Basic Sensory methods for
food evaluation: Ottawa, Ont, IDRC.
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Appendix 6: Standard operation procedure (SOP1)

Date: Sept 10, 2010

Standard Operation Procedure
Title: Mixing Yogurt with Water Dispersible Sterol
(WD-PS)
Version: H

SOP Number:
YOG- NDS-02

STUDY TITLE
Efficacy of a Plant Sterol-Fortified Dairy Product on Plasma Lipid and Plant Sterol
Concentrations in Humans
1. PURPOSE
1.1 This Standard Operation Procedure (SOP) will detail the process of preparing
flavored yogurt and mixing it with WD-PS.
2. SCOPE
2.1 This procedure applies to all RCFFN metabolic kitchen personnel responsible for
preparing favored yogurt mixed with WD-PS.
3. RESPONSIBILITIES
3.1 Graduate student/ Clinical coordinators are responsible for training the kitchen staff.
3.2 Graduate student is responsible for Quality Control Check for adequacy of plant
sterol in yogurt (2 g in 100 yogurt)
3.3 Graduate student is responsible for updating this SOP, if necessary.
4. REFERENCES (NOT APPLICABLE)
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5. DEFINITIONS (NOT APPLICABLE)
6. EQUIPMENT
6.1 Hobart mixer HL600
6.2 Digital scale
7. MATERIALS
7.1 Pasteurized plain yogurt 4% MF (Natures Treat, Dairyland, Canada)
7.2 NDS 10%
7.3 Oil ‘flavor’ (LORANN GOURMET)
7.4 Food colour (CLUB HOUSE)
7.5 Sweetener (SPLENDA)
8. PROCEDURE
To make 12 kg flavored plant sterol-enriched yogurt (2g plant sterol in 100 g yogurt):
8.1 Pour 10 kg of yogurt in the sterile mixer bowl
8.2 Add 2 kg WD-PS
8.3 Add 80 g sweetener
8.4 Add 1 teaspoon (5 ml) flavor *
8.5 Add 1.5 teaspoon (6.6 ml) colour **
8.5 Mix for 3 minutes on the 1st speed
8.6 Keep refrigerated for maximum two weeks
9. ATTACHMENTS (NOT APPLICABLE)
10. FORMS (NOT APPLICABLE)

-------------------------------------------------------------------------------------------* Approximately 1 drop of flavor for 100g yogurt
** Approximately 1.5 drops of colour for 100g yogurt
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11. REVISION HISTORY
Version
H
F
E
D
C
B
A

Change Description

Date Adopted

updated SOP format
sensory test 2
quality control check for adequacy of plant sterol in
yogurt (2 g/ 100 yogurt)
minor changes on the amount of sweetener and flavor
based on the result of the test
sensory test 1
method established
document initiated

7 Sept, 2010
26 Aug, 2010
6 Aug, 2010
2 Aug, 2010
30 July, 2010
27 July, 2010
26 July, 2010

12. APPROVALS
Prepared by: Mandana Amir Shaghaghi

Date: 8 September 2010

Approved by: Dr. Peter Jones

Date: 9 September 2010
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Appendix7: Standard operation procedure (SOP2)

Date: Sep 10, 2010

Standard Operation Procedure
Title: Mixing Yogurt with plant sterol
ester (PS-ester)
Version: H

SOP Number:
YOG- PSE-01

STUDY TITLE
Efficacy of a Plant Sterol-Fortified Dairy Product on Plasma Lipid and Plant
Sterol Concentrations in Humans
1. PURPOSE
1.1 This Standard Operation Procedure (SOP) will detail the process of preparing
flavored yogurt and mixing it with PSE.

2. SCOPE
2.1 This procedure applies to all RCFFN metabolic kitchen personnel responsible for
preparing favored yogurt mixed with PS-ester.

3. RESPONSIBILITIES
3.1 Graduate student/ Clinical coordinators are responsible for training the kitchen staff.
3.2 Graduate student is responsible for Quality Control Check for adequacy of plant
sterol in yogurt (2 g in 100 yogurt)
3.3 Graduate student is responsible for updating this SOP, if necessary.

4. REFERENCES (NOT APPLICABLE)
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5. DEFINITIONS (NOT APPLICABLE)
6. EQUIPMENT
6.1 Water bath VWR1227
6.2 Hobart mixer HL600
6.3 Digital scale

7. MATERIALS
7.1 Pasteurized plain yogurt 4% MF (Natures Treat, Dairyland, Canada)
7.2 PSE
7.3 Oil ‘flavor’ (LORANN GOURMET)
7.4 Food colour (CLUB HOUSE)
7.5 Sweetener (SPLENDA)

8. PROCEDURE
To make 10.328 kg flavored plant sterol-enriched yogurt (2g plant sterol in 100 g):
8.1 Melt 337 PSE at 60°C in the water bath (3 minutes)
8.2 Pour 10 kg of yogurt in the sterile mixer bowl
8.3 Add melted PS-ester
8.4 Add 80 g sweetener
8.5 Add 1 teaspoon (5 ml) flavor *
8.6 Add 1.5 teaspoon (6.6 ml) colour **
8.7 Mix for 3 minutes on the 1st speed
8.8 Keep refrigerated for maximum two weeks

9. ATTACHMENTS (NOT APPLICABLE)
10. FORMS (NOT APPLICABLE)

-------------------------------------------------------------------------------------------* Approximately 1 drop of flavor for 100g yogurt
** Approximately 1.5 drops of colour for 100g yogurt
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11. REVISION HISTORY
Version
H
F
E
D
C
B
A

Change Description

Date Adopted

updated SOP format

7 Sept, 2010
26 Aug, 2010
6 Aug, 2010

sensory test 2
quality control check for adequacy of plant sterol in
yogurt (2 g/ 100 yogurt)
minor changes on the amount of sweetener and
flavor based on the result of the test
sensory test 1
method established
document initiated

2 Aug, 2010
30 July, 2010
27 July, 2010
26 July, 2010

12. APPROVALS
Prepared by: Mandana Amir Shaghaghi

Date: 8 September, 2010

Approved by: Dr. Peter Jones

Date: 9 September, 2010
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