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Active ingredient for cholesterol:
Vitasterol® S-8O Esterified IP 
produced by VITAE CAPS, S.A.

High cholesterol is a leading cause of 
heart disease and stroke, because 
cholesterol clogs arteries, causing 
arteriosclerosis.

Recent research from the World Health
Organization highlights the importance of raised
blood cholesterol as a risk factor for cardio-
vascular diseases. The World Health Report 2002
estimates that around 8% of all disease burden in
developed countries is caused by raised blood
cholesterol, and that over 50% of cardiovascular
disease in developed countries is due to blood
cholesterol levels in excess of the theoretical 
minimum (3.8 mmol/l). 

More recently the INTERHEART case-control
study estimated that 45% of heart attacks in
Western Europe and 35% of heart attacks in
Central and Eastern Europe are due to abnormal
blood lipids, and that those with abnormal lipids
are at over three times the risk of a heart attack
compared those with normal lipids. 

Trend data from MONICA Project (Geneva)
show that the prevalence of cholesterol of 6.5
mmol/l and above varies substantially across the
populations sampled. These data were collected
using standardized methods between 1989 
and 1997 for the 35-64 years age range in 36
populations in European countries, New Zealand,
Australia, United States, Canada, China and
Russia. (Graphic 1)

People could prevent or reduce high
cholesterol with physical activity and
healthy diet, but it is also reduced taking
something in diet such as sterol esters and
sterols.

Sterols and sterol esters are present in our
daily diet, they are natural components of 
vegetable oil  such as soy and sunflower. They
belong to the same family as cholesterol with
similar characteristics, including ß-Sitosterol,
Campesterol and Stigmaterol. The efficacy of these
plants to reduce cholesterol levels in blood are
based on their ability to inhibit the absorption of
cholesterol produced in the small intestine either
internally or through the diet. 

Since first works written
by Pollak in 50s, free sterols
lowering effect of cholesterol
in humans has been demon-
strated. At a later stage, it has
found that sterols esterified
with fatty acids  have higher
effectiveness because they are
more soluble and can be
hydrolysed in the normal
digestive process.

To date, over 40 clinical 
trials have been conducted
involving over 2000 individu-
als at study sites in Europe,
North America, Latin America,

Africa, Asia and Australia. These studies have
shown that consuming sterols and sterol esters
decrease cholesterol levels by an average of 

5-15% and LDL cholesterol by an average of 
10-20%.

In July 2000, the European Parliament and
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Graphic 1: Percentage of adults aged 35-64 with blood cholesteral levels > 7.8 mmol/l, 
latest available date, MONICA Project Populations

EU approved food categories Other applications
Yoghurt Juices
Milk Breakfast cereals
Cheese Bakery products
Soy drinks Supplements
Rye bread Snack bars
Spicy Sauces
Yellow fat spreads
Salad dressings
Milk based fruit beverages

Vistasterol® S-80 IP Free Sterols (wt %)
Composition
(Listed as Free Sterols)
ß-Sitosterol 45
Campesterol 25
Stigmasterol 23
Brassicasterol 1
Campestanol 0
Sitostanol 0
Other sterols and stanols 3
Total 97

Structures of sterols
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the Council authorised  the placing on the market
of “yellow fat spreads with added sterol esters” as
a novel food under Regulation (EC) No 258/97 of
the European Parliament and of the Council. After
that, many applications have done at European
Commission to use sterol and sterol esters. Vitae
Caps have EU authorisation in most of EU food
approved categories. 

Vitasterol® S-80 esterified IP is the
result of VITAE CAPS, S.A. high investment
efforts to launch ingredients which
enhance people’s health. Other ingredients
produced at VITAE CAPS, S.A. are natural
source Vitamin E IP (Vitapherole®) and soy
IP isoflavones (Vitaflavon®).

Vitasterol® S-80 IP is a concentrated form
of sterols from IP seeds and contains mainly: 
ß-Sitosterol, Campesterol and Stigmasterol.

Vitasterol® S-80 esterified IP is obtained
by esterification of  free plant sterols with fatty
acids from vegetable oil. The esterification process
achieves that sterols will be more soluble in oils,
being a better vehicle for the absorption of sterols
to the small intestine. 

Sterol esters possess a lot of 
properties: anti-inflammatory, anti-
cancer, anti-artherogenicity, and anti-
oxidation activities apart from the
most recognized one, lowering low
density lipoprotein (LDL) cholesterol

Structures of sitosterol sterol ester

Cholesterol and Sterol Absorption Efficiency

Cholesterol and Sterol Absorption Efficiency

Vitasterol® S-80 IP - Characteristics

Vitasterol® S-80 esterified IP

Vitasterol®, S-80 Esterified IP
Properties
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and maintaining good heart health.
People usually consume sterol esters every

day, however the amount is not enough to have a
relevant effect on blood cholesterol, in order to
reduce cholesterol, human should take 1,3 g/day
of plant sterols, human should take at least 1,3
g/day and at the most 3 g/day of plant sterols. 

The main sterol existing on human cells is
cholesterol. In addition to be an important 
structural component in cells membranes, it is
necessary to synthesize hormonal steroids, bile
and vitamin D. Even though it is indispensable, an
excessive amount in blood is harmful. It accumu-
lates in wall arteries inducing their narrowing and
reducing the nutrition’s contribution to tissues. 

Scientific researches have proven that sterols
prevent endogenous cholesterol absorption 
produced by our body as well as consumed in
diet. This property come from the resemblance of
cholesterol and sterol esters structure. When bile
salt liver’s, containing cholesterol, try to get
micelles before being inhibited by the intestine. If
there are sterol ester in these salts, they compete,
as they are more soluble, they displace cholesterol
and it is secreted in the faeces. 

Cholesterol could come from the bile

(endogenous) or from food (exogenous), when
Vitasterol® S-80 esterified IP is taken in food,
sterols are delivered to the small intestine where
they meet with endogenous cholesterol trans-
ported by bile salts and exogenous one. In the
gut, they try to compete to get micelles, however
as sterol esters are more soluble, cholesterol is not
absorbed and is excreted. Unlike cholesterol,
sterol esters are not soaked up in the blood. Even
if intake of sterol esters is increased, they will be
faster eliminated than cholesterol through the
bile.

Vitasterol® S-80 esterified IP must be taken
by people with cholesterol problems, but not by 
children younger than five years of age, lactating
women and pregnant women. 

No secondary effects have been found, except
the reduction of serum carotene levels in some 
of the studies. Nonetheless it would not 
happen, if people take a diet enriched with 

vegetables and fruits.

A wide range of food applications for sterols
and sterol esters have been approved by the
European Commission: yoghurt, milk, cheese, soy
drinks, spicy sauces, yellow fat spreads and rye
bread. However US Food and Drug
Administration goes ahead allowing more uses in
everyday consumer products such as health
drinks, health bars, pasta and noodles, salty
snacks, processed soups, puddings, soy milk, ice
cream and cream substitutes, adult confections,
vegetarian meat analogs, cheese and cream, edible
vegetable oil, adult ready-to-eat breakfast cereals,
baked goods and fruit/vegetable juices.

An example of applications is the following:

Food type Number of subject duration Diary dose Reference

Phytosterols- 85 subjects with 2 2x10 g/day with Randomised, placebo-controlled, double-blind clinical Lee et al, 2003
enriched diabetic patients or without  8% trial in two parallel groups over 12 weeks.
margarines 12 weeks phytosterol-esters After 4 weeks, total and LDL cholesterol were 

significantly in the phytosterol group by 5.2% and 
6.8%, respectively, compared to baseline (p<0.05). 
After 8 and 12 weeks, these reductions became 
smaller and were no significant any more compared 
to baseline or between the groups, but a repeated 
measurement analysis demonstrated a significant
difference for both variables between the two groups 
(each p<0.05). HDL cholesterol was significantly 
increased in the phytosterol group compared to the 
placebo group after 8 and 12 weeks, but there was 
no overall difference in the repeated measurement 
analysis between the two groups.

Margarine 42 healthy male 30 g/day in 2 Randomised double groups Kozlowska-
enriched with students servings The subjects consuming margarine with sterols   Wojciechowska
plant sterols showed a significant (11%) decrease in LDL-C et al, 2003

(P<0.001). After the consumption of margarine 
with sterols, the adhesion and aggregation time of 
blood platelets was significantly prolonged after 
collagen-epinephrine activation.

Plant 42 healthy adults Sterol content of Randomised,  placebo-controlled, double-blind Temme et al, 2002
sterol-enriched 4 weeks the enriched crossed over study.
spreads spread 8.3%             Serum total and LDL-cholesterol concentrations             

25 g/day lowered by 7% (18 mg/dl) and 10% (16 mg/dl), 
respectively, with the plant sterol enriched compared 
to the control spread. Serum HDL-cholesterol 
concentrations lowered did not significantly differ 
between the two spreads. Apolipoprotein B 
concentrations lowered by 8% (0.08 g/day) with 
the plant sterol enriched spread, while concentrations 
of apolipoprotein A-I did not change.                                              

Plant 50 healthy subjects 20 g/day butter, Parallel butter phase, double-blind, randomised, Cleghorn et al,
sterol-enriched 11 weeks butter with 25 g crossover polyunsaturated spread phases. 2003
spreads polyunsaturated Replacing butter with a standard polyunsaturated fat 

spread, 25 g with spread reduced mean plasma total cholesterol
2 g of plant sterols concentrations by 4.6% and low density lipoprotein

cholesterol by 5.5%. Replacing butter with a 
polyunsaturated spread containing plant sterols 
reduce plasma total cholesterol by 8,9% and low 
density lipoprotein cholesterol by 12,3% 

Stanol and sterol 34 hypercholesterolaemic Placebo, 2.01-2.04 g Randomised double-blind with three test margarines. Hallikainen et al,
esters enriched subjects plant sterols and Stanol esters and Sterol esters margarines reduced 2000
margarines 4 weeks each margarine      esters          significantly and equally serum total and LDL

cholesterol concentrations as part of a low-fat diet.
cholesterol concentrations as part of a low-fat diet.

Product Sterol ester content Free sterol content Product Quantity
Milk type products 1,6 g 1 g 250 ml
Yellow fat spreads 1 g 1 g 12,5 g
Yoghurt type products 1,2 g 1 g 100 g-150g

How can Vitasterol® S-80 esterified IP work to
decrease blood cholesterol?

Vitasterol® S-80 esterified IP applications

Table 2: Some examples of recent clinical trials are summarized
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Food type Number of subject duration Diary dose Reference

Phytosterol 58 Healthy man and 1.6 g/day of   Randomised, incomplete crossover, single-blind study. Clifton PM et al 
ester-enriched women phytosterols Serum total and LDL cholesterol levels were 2004
low-fat foods: 3 weeks each product as sterol esters significantly lowered by consumption of phytosterol- 
bread, breakfast enriched foods:milk (8,7% and 15,9%) and yoghurt . 
cereal, milk and (5,6% and 8,6%). Serum LDL cholesterol levels fell  
yoghourt significantly by 6,5% with bread and 5.4% with

cereal. They were both significantly less efficacious 
than sterol-enriched milk (P<0.001). Plasma 
sitosterol increased by 17-23% and campesterol by 
48-52% with phytosterol-enriched milk and bread. 
Lipid-adjusted beta-carotene was lowered by 5-10% 
by sterols in bread and milk respectively. Plant sterols 
in low-fat milk was almost three time more effective 
than in bread and cereal.

Low-fat 26 Healthy men Placebo, 2.2 g Double-blind, randomised, crossover study. Richelle et al. 
2004

milk-based 1 week for each product plant sterols, 2.2 g Both plant sterols reduced beta-carotene and alpha  
beverage with plant sterol esters tocopherol bioavailability and cholesterol absorption 
plant sterols in normocholesterolemic men. 

Low-fat 39 Healthy subjects 300 ml/d of placebo 2 Studies: one single blind crossover and another one Noakes et al. 2005
milk-based with 4 phases of 3 weeks and 300 ml/d with fully randomised, double blind.
sterol esters, 40 Healthy subjects 2 g sterol esters In study one, sterol ester milk and spread were equally 
low-fat yoghurt 3 phases of 3 weeks 2 portions of 150 g efficacious in lowering total and LDL-cholesterol as 
with sterol and of placebo, cholesterol as compared to placebo by 6%-8% and 
stanol esters 1,8 g sterol esters 8%-10%, respectively. Sterol ester enriched milk an 

yoghurt and 1.7 g the combination of sterol ester enriched milk plus 
plant stanol spread both lowered lipid-adjusted serum beta-carotene                           

concentration by 10%-14% (P<0,02). In study two, 
the sterol ester and stanol ester enriched yoghurts 
reduced LDL-cholesterol significantly compare to 
placebo by 0,27+/-0,05 mmol (6%) and 
0,23+/-0,05 mmol/l (5%), respectively.

Salad dressings 53 Men and women Placebo, 3.6 g Randomised parallel trial. Judd et al. 2002
enriched with 3 weeks plant sterol esters Plasma LDL cholesterol (LDLC), HDL cholesterol  
plant sterol esters (HDCL), and triglycerides (TG) responses of men and                              

women to the study diets were similar and not affected 
by the type of salad dressing they consumed. 
Switching from a self-selected baseline diet to a 
controlled diet with no plant sterol esters resulted in 
a significant reduction of LDLC of 7.9%, HDLC of 
3,1%, and TG of 9.2%. Daily consumption of 3.6 g 
plant sterol esters resulted in further decreased in 
LDLC of 9.7% and TG of 7.3% with no effect on 
HDLC.

Orange juice 72 midly Placebo orange juice Placebo-controlled, double-blind, randomised study. Devaraj et al. 2004
hypercholesterolemic  and plant sterol Sterol orange juice supplementation significantly
subjects fortified orange decreased total (72%), LDL (12,4%), and 
8 weeks                            juice (2 g/d) non-high-density lipoprotein (HDL) cholesterol 

(7.8%) compared with baseline and compared 
with placebo orange juice (P<0.01). 
Apolipoptotein B levels were significantly decreased 
(9.5%) with sterol orange juice. There were no 
significant changes in HDL cholesterol or triglycerides 
with the sterol orange juice

Bread, 78 subjects from Placebo food items, Randomised, double-blind, placebo-controlled feeding Tikkanen MJ et al
meat products 25-75 years bread, meat products, Reduction in serum total cholesterol was 8% in the 2001
and jam 15 weeks jam with 1,25 to active treatment group and 3% in the placebo group  
enriched with 5 g/day and that of LDL cholesterol was 13% in the active 
sterols treatment group and 5% in the placebo group.

NOTES
Alvin B, Jones P, Abumweis, S (2004) Plan sterols:

factors affecting their efficacy and safety as functional
ingredients. Lipids in Health and Disease, 3:5.

Amundsen AL, Ose L, Nenseter MS, Ntanio FY
(2002) Plant sterol ester-enriched spread lowers plasma
total and LDL cholesterol in children with familial hyper-
cholesterolemia. Am J Clin. Nutr. Aug. 73(2), 338-44

Amundsen AL, Ose L and Ntanios FY (2001). Effects
of plant sterol ester-enriched spread on plasma lipids and
safety parameters in children with familial hypercholes-
terolemia (FH) in controlled and followup periods.
Abstract in Annals of Nutrition and Metabolism, 45 (sup-
plement 1), 125 (proceedings of the 17th International
Congress of Nutrition), August 27-30, 2001, Vienna,
Austria.

Anonymus (1998). Zoo eet Nederland. Resultaten
van de oedselconsumptiepeiling. ISBN 90 5177 036 7

Ayesh R. Westsrate JA, Drewitt PN and Hepburn PA
(1999). Safety evaluation of phytosterol esters.

Part 5. Faecal short-chain fatty acid and microflora
content, faecal bacterial enzyme activity and plasma
female sex hormones in healthy normolipidaemic 
volunteers consuming a controlled diet either with or with-
out a phytosterol ester enriched margarine. Food and
Chemical Toxicology, 37, 1127-1138

Baker VA, Hepburn PA, Kennedy SJ, Jones PA, Lea
LJ, Sumpter JP and Ashby J, (1999). Safety evaluation of
phytosterol esters. Part 1. Assessment of oestrogenicity
using a combination in vivo and in vitro assays. Food and
Chemical Toxicology, 37, 13-22.

Berger, A, Jones, P, Abumweis, S. (2004) Plant
sterols: factors affecting their efficacy and safety as 
functional food ingredients. Lipids in Health and Disease,
3, 1-19

Best MM, Duncan CH (1958). Effects of the esterifi-
cation of supplemental cholesterol and sitosterol in the
diet. J Nutr. Jun 10;65(2): 169-81

Borzelleca JF (1992). Macronutrient substitutes:
Safety evaluation. Regulatory Toxicology and

Pharmacology, 16, 253-264
Carr TP, Cornelison RM, Illston BJ, Stuefer-Powell CL

and Gallaher DD (2002). Plant sterols alter bile acid
metabolism and reduce cholesterol absorption in 
hamsters fed a beef-based diet. Nutrition Research, 22,
745-754

Cleghorn CL, Skeaff CM, Mann J, Chisholm A.
(2003) Plant sterol-enriched spread enhances the 
cholesterol-lowering potential of a fat-reduced diet.
European Journal of Clinical Nutrition, 57, 170-6

Clifton PM (2002). The effect of plant sterols in milk
and margarine on plasma lipids in subjects with mild
hypercholesterolaemia. Final Report to Unilever. CSIRO
Health Sciences and Nutrition. Adelaide, South Australia,
July 2002.

Clifton PM, Noakes M, Sullivan D, Erichsen N, Ross
D, Annison G, Fassoulakis A, Cehun M, Nestel P (2004)
Cholesterol-lowering effects of plan sterol esters differ in
milk, yoghurt, bread and cereal. European Journal of
Clinical Nutrition, 58, 503-5009

VITAECAPS  2/8/06  8:42 pm  Page 5



Innovations in Food Technology | August 2006 | www.innovfoodtech.com58

Davidson MH, Maki KC, Umporowicz DM, Ingram
KA, Dicklin MR, Schaefer E, LaneRW, McNamara JR,
Ribaya-Mercado JD, Perrone G, Robins SJ and Franke
WC,  (2001). Safety tolerability of esterified phytosterols
administered in reduced-fat spread and salad dressing to
healthy adult men and women. Journal of the American
College of Nutrition, 20, 307-319

Deutsche Gesellschaft für Fettforschung (1998).
Method of analysis DGF FIII-1: Sterols-Isolation and gas
chromatographic determination.

Devaraj S, Jialal I, Vega-Lopez S. (2004) Plant 
stero-fortified orange juice effectively lowers cholesterol
levels in mildly hypercholesterolemic healthy individuals.
European Journal of Clinical Nutrition, 24, 25-5

EC (2000), Commission Decision of July 24 2000
authorising the placing on the market of ‘yellow fat
spreads with added phytosterol  esters’ as a novel food or
food ingredient under Regulation (EC) Nº258/97 of the
European Parliament and of the Council. 2000/500/EC.
Official Journal of the European Communities, L 200,
59-60. 8 August 2000

Finch S, Doyle W, Lowe C, Bates CJ, Prentice A,
Smithers G, Clarke PC (1998). National Diet and
Nutrition Survey: people aged 65 years or over. Volumen
1: Report of the diet and nutrition survey. London HMSO.

Food and Drug Administration (1982). Toxicological
principles for the safety assessment of direct food addi-
tives and colour additives used in food. National and
Technical Information Service, US Department of com-
merce, Springfield, VA.

Gregory J, (2000). National Diet and Nutrition
Survey: young people aged 4 to 18 years, volumen 1:
report of the Diet and Nutrition survey, London: TSO.

Gregory JR, Collins DL, Davies PSW, Hughes JM,
Clarke PC, (1995). The National Diet and Nutritional
Survey of children aged 11/2 to 41/2 years. London
HMSO.

Gregory J (1990). The dietary and nutritional survey
of British adults: a survey of the dietary behaviour, nutri-
tional status and blood pressure of adults aged 16 to 64
living in Great  Britain. Reports Office of Population
Census and Surveys, Social Survey Division SS 1241.
Ministry of Agriculture, Fisheries and Food and the
Department of Health. ISBN 0116913002.

Gregory JR, Foster K, Tyler, Wiseman M, (1990) The
Dietary and Nutritional Survey of British Adults. London
HSMO.

Hallikainen MA, Sarkkinen ES, Gylling H, Erkkila AT,
Uusitupa MI. (2002) Comparison of the effects of plant
sterol ester and plant stanol ester-enriched margarines in
lowering serum cholesterol concentrations in hypercholes-
terolaenic subjects on a low-fat diet. European Journal of
Clinical Nutrition, 54, 715-725

Hendriks HFJ, Westrate JA, Van Vliet T, Meijer GM,
(1999). Spreads enriched with three different levels of
vegetable oil sterols and the degree of cholesterol lowering
in normocholesterolaemic and mildly hypercholestero-
laemic subjects. European Journal of Clinical Nutrition,
53, 319-327

Hendriks HFJ, Ntanios FY, Brink EJ, Princen HMG,
Buytenhek R and Meijer GW (2001). One-year follow-up
study on the use of a low fat spread enriched with plant
sterol-esters. Annals o f Nutrition and Metabolism, 45
(supplement 1), 100 proceedings of the 17th
International Congress of Nutrition, August 27-30 2001,
Vienna, Austria, Manuscript submitted for publication.

Hepburn PA, Horner SA and Smith M, (1999).
Safety evaluation of phytosterol esters. Part 2. Subchronic
90-day oral toxicity study on phytosterol esters – a novel
functional food. Food and Chemical Toxicology, 37, 
363-372

Hirai K, Schimazu C, Takezoe R and Ozeki Y, (1986).
Cholesterol, phytosterol and polyunsaturated fatty acids
levels in 1982 and 1957 Japanese diets. Journal of
Nutritional Science and Vitaminology, 32, 363-372

Institute of Food Science & Technology. (2005) IFST
update Information Statement on Phytosterol Esters (Plant
Sterol and Stanol Esters. Institute of Food Science &
Technology

Janezic SA and Rao AV, (1992). Dose-dependent
effects of dietary phytosterol on epithelial cell proliferation
of the murine colon. Food and Chemical Toxicology, 30,
611-616

JECFA (1987). Principles for the Safety Assessment
of Food Additives and Contaminants in Food.
Environmental Health Criteria 70. World Health
Organization. Geneva

Judd, JT, Baer, DJ, Clevidence, BA, Chen, S,
Muesing, RA, Kramer, M., Meijer, GM (2002) Plant Sterol
Esters, Plasma Lipids and Carotenoids. Lipids. Peer
Reviewed Journal

Kozlowska-Wojciechowska M, Jastrzebska M,
Naruszewicz M, Foltynska A. (2003) Impact of margarine
enriched with plant sterols on blood lipids, platelet 
function, and fibrinogen level in young men. Metabolism,
52, 1373-8

Lee YM, Haastert B, Scherbaum W, Hauner H.
(2003) A phytosterol-enriched spread improves the lipid
profile of subjects with type 2 diabetes mellitus- a 
randomised controlled trial under free-living conditions.

European Journal of Clinical Nutrition, 42, 111-7
Lees AM, Mok HYI, Lees RS, McCluskey MA and

Grundy SM, (1977). Plant sterol as cholesterol lowering
agents: clinical trials in patients with hypercholesterolemia
and studies of sterol balance. Artherosclerosis, 28, 325-
338

Lux O and Naidoo D, (1994). Biological Variation of
Beta-Carotene. Nutrition Research, 14, 693-698

Matvienko OA, Lewis DS, Swanson M, Arndt B,
Rainwater DL, Stewart J and Alekel DL (2002). A single
daily dose of soybean phytosterols in ground beef decreas-
es serum total cholesterol and LDL cholesterol in young,
mildly hypercholesterolemic men. American Journal of
Clinical Nutrition 76, 57-64

Mattson FH, Volephein RA, Erickson BA, (1977)
Effect of plant sterols on the absorption of dietary 
cholesterol. J Nutr. 1977 Jul; 107(7): 1139-46

Mensink RP, Ebbing S, Lindout M, Plat J,  van
Heugten MMA, (2002). Effects of plant stanol esters 
supplied in low-fat yoghurt on serum lipids and lipo-
proteins, noncholesterol sterols and fat soluble antioxidant
concentrations. Atherosclerosis, 160, 205-213

Nair PP, Turjman N and Kessie G, (1984). Diet,
nutrition intake, and metabolism in populations at high
and low risk for colon cancer. Dietary cholesterol, -sitos-
terol, and stigmasterol. American Journal of Clinical
Nutrition, 40, 927-930

Neil HAW, Meijer GW and Roe LS, (2001)
Randomised controlled trial of use by hypercholestero-
laemic patients of a vegetable oil sterol-enriched fat
spread. Atherosclerosis, 156, 329-37

Nigon F, Serfaty-Lacrosnière C, Beucler I, Chauvois
D, Neveu C, Giral P, chapman MJ and Bruckert E, (2001).
Plant sterol-enriched margarine lowers plasma LDL in
hyperlipidemic subjects with low cholesterol intake: effect
of fibre treatment. Clinical Chemistry and Laboratory
Medicine, 39, 634-40

Noakes M, Clifton P, Ntanios F, Shrapnel W, Record
I and McInerney J, (2002). An increase in dietary
carotenoids when consuming plant sterols or stanols is
effective in maintaining plasma carotenoid levels.
American Journal of Clinical Nutrition 75, 79-86

Noakes M, Clifton PM, Doornbos AM, Trautwein EA
(2005) Plant sterol ester-enriched milk and yoghurt 
effectively reduce serum cholesterol in modestly hyper-
cholesterolemic subjects. European Journal of Clinical
Nutrition, 44, 214-22

Olmedilla B, Granado F, Blanco I, Rojas-Hidalgo E,
(1994). Seasonal and sex related variations in six serum
carotenoids, retinol, and alpha-tocopherol. American
Journal of Clinical Nutrition, 60, 106-10

Petersen S, Peto V, Rayner M, Leal J, Luego-
Fernández R, Gray Alastair (2005) European
Cardiovascular Diseases Statistics. Department of Public
Health, University of Oxford

Pollak OJ and Kritchevsky D, (1981). Sitosterol.
Monographs on arteriosclerosis. Basel: S.Karger.

Pollak OJ (1985). Effect of plant sterols on serum
lipids and arteriosclerosis. Pharmacology and
Therapeutics, 31, 177-208

Raeini-Sarjaz M, Ntanios FY, Vanstone CA and Jones
PJH (2002). No changes in serum fat-soluble vitamin and
carotenoid concentrations with the intake of plant
sterol/Stanol esters in the context of a controlled diet.
Metabolism, 1, 652-656

Raicht RF, Cohen BI, Fazzini EP, Sarwal AN and
Takahashi M, (1980). Protective effect of plant sterols
against chemically induced colon tumours in rats. Cancer
Research, 40, 403-405.

Renwick AG (1991). Safety factors and establish-
ment of acceptable daily intakes. Food Additives and
Contaminants, 8, 135-150.

Richelle, M, Enslen, M, Hagger, C, Groux, M,
Tavazzi, I, Godin, JP, Berge, A, Métairon, S, Qualie, S,
Piguet-Welsch, C, Sagalowicz, L, Green, H, Fay, B. (2004)
Both free and esterified plant sterols reduce cholesterol
absorption and the bioavailability of ß-carotene and _-
tocopherol in normocholesterolemic humans. American
Journal of Clinical Nutrition, 80, 171-177

Riley FP and Steiner A, (1957). Effect of sitosterol on
the concentration of serum lipids in patients with coronary
arteriosclerosis. Circulation, 16, 723-729.

Rubery ED, Barlow SM and Steadman JH, (1990).
Criteria for setting quantitative estimates of acceptable
intakes of chemicals in food in the UK. Food Additives
and Contaminants, 7, 287-302.

Saintot M, Astre C, Scali J and Gerber M (1995).
Within-subjects seasonal variation and determinants of
inter-individual variations of plasma beta-carotene.
International Journal for Vitamin and Nutrition Research,
65, 169-74.

Sanders DJ, Minter HJ, Howes D and Hepburn PA.
Safety Evaluation of Phytosterol Esters, Part 6 (2000).
The Comparative Absorption and Tissue Distribution of
Phytosterols in the Rat. Food and Chemical Toxicology,
38. 485-491.

SCF, (2000). Opinion of the Scientific Committee on
Food on A Request for the Safety Assessment of the use
of Phytosterol Esters in yellow fat spreads, 6th April
2000. SCF/CS/NF/DOS/1 FINAL. European Comisión,

Health and Consumer Protection Directorate General,
Brussels.

SCF (2002). Opinion of the Scientific Committee on
Food on a report on Post Launch Monitoring of “yellow fat
spreads with added phytosterols esters”, 26th September
2002. SCF/CS/NF/DOS/21 ADD 2 Final.

Scott KJ, Finglas, Thurnam DI, Hart DJ, Bingham SA
and Day K (1996). The correlation between the intake of
lutein in a group of women aged 50-65 years in the UK.
British Journal of Nutrition, 75, 409, 418.

Shipley RE, Pfeiffer RR, Marsh MM and Anderson
RC, (1958). Sitosterol feeding. Chronic animal and clini-
cal toxicology and tissue analysis. Circulation Research, 6,
373-382.

Slesinski RS, Turnbull D, Frankos VH, Wolterbeek
APM and Waalkens-Berendsen DH, (1999).
Developmental toxicity study of vegetable oil-derived
stanol fatty acid esters. Regulatory Toxicology and
Pharmacology, 29, 227-233.

Tamagawa M, Shimuzu Y, Takahashi T, Otaka T,
Kimra S, Kadowki H, Uda F and Miwa T, (1992a).
Carcinogenicity study of oryzanol in F344 rats. Food and
Chemical Toxicology, 30, 41-48.

Tamagawa M, Otaki Y, Takahashi T, Otaka T, Kimura
S and Miwa T, (1992b). Carcinogenicity study of oryzanol
in B6C3F1 mice. Food and Chemical Toxicology, 30, 49-
56.

Temme EH, Van hoydonck PG, Schouten EG,
Kesteloot H. (2002) Effects of a plant sterol-enriched
spread on serum lipids and lipoproteins in mildly hyperc-
holesterolaemic subjects.  Acta Cardiol, 57, 111-5.

Tikkanen MJ, Hogstrom P, Tuomilehto J, Keinanen-
Kiukaanniemi S, Sundvall J, Karppanen H. (2001) Effect
of a diet based on low-fat foods enriched with nonesteri-
fied plant sterols and mineral nutrients on serum choles-
terol. AM  J Cardiol. 88 (10): 1157-62

Turnbull D, Frankos VH, van Delft JHM and Devogel
N, (1999). Genotoxicity evaluation of wood derived and
vegetable oil-derived stanol esters. Regulatory Toxicology
and Pharmacology, 29, 205-210.

Turnbull D, Frankos VH, Leeman WR and Jonker D,
(1999). Short-term tests of estrogenic potential of plant
stanols and plant stanol esters. Regulatory Toxicology and
Pharmacology, 29, 211-215.

Turnbull D, Whittaker MH, Frankos VH, and Jonker
D, (1999). 13-week oral toxicity study with stanol esters
in rats. Regulatory Toxicology and Pharmacology, 29,
216-226.

Unilever Safety and Environmental Assurance Center
(2002), Linda Lea: Phytosterol esters: use in a range of
food products. Bedford, July 2002.

Van het Hof KH, Tijburg LB, Pietrzik K and Westrate
JA, (1999). Influence of feeding different vegetables on
plasma levels of carotenoids, folate and vitamin C. Effect
of disruption of the vegetable matrix. British Journal of
Nutrition, 82, 203-12.

Volpe R, Niittynen L, Korpela R, Sitori C, Bucci A,
Fraone N and Pazzucconi F (2001). Effects of yoghurt
enriched with plant sterols on serum lipids in patients with
moderate hypercholesterolaemia. British Journal of
Nutrition, 86, 233-239.

Waalkens-Berendsen DH, Wolterbeek APM,
Wijnands MVW, Richold M and Hepburn PA, (1999).
Safety evaluation of Phytosterols esters. Part 3: Two-gen-
eration reproduction study in rats with phytosterol esters –
a novel functional food. Food and Chemical Toxicology,
37, 683-696.

Westsrate JA and Meijer GW, (1998). Plant sterol-
enriched margarines and reduction of plasma total and
LDL-cholesterol concentrations in normocholesterolaemic
and mildly hypercholesterolaemic subjects. European
Journal of Clinical Nutrition, 52, 334-343.

Weststrate JA, Ayesh R, Bauer-Plank C and Drewitt
PN, (1999). Safety evaluation of Phytosterolesters. Part
4. Faecal concentrations of bile acids and neutral sterols
in healthy normolpidaemic volunteers consuming a con-
trolled diet either with or without a phytosterol ester-
enriched margarine. Food and Chemical Toxicology, 37,
1063-1071.

Whittaker MH, Frankos VH, Woterbeek APM and
Waalkens-Berendsen DH, (1999). Two-generation repro-
ductive toxicity study of plant stanol esters in rats.
Regulatory Toxicology and Pharmacology, 29, 196-204.

WHO Monica Project (2003) MONICA Monograph
and Multimedia Sourcebook: World’s largest study of
heart disease stroke, risk factors and population trends
1979-2002. Edited by Hugh Tunstall-Pedoe for the WHO
MONICA Project.

Wolfreys AM and Hepburn, (2002). Safety evalua-
tion of phytosterol esters. Part 7. Assessment of muta-
genic activity of phytosterols, phytosterol esters and the
cholesterol derivate, 4-cholesten-3-one. Food and
Chemical Toxicology, 40, 461-470.

Yasukawa K, Takido M, Matsumoto T, Takeuchi M
and Nakagawa S (1991). Sterol and triterpene derivates
from plants inhibit the effects of a tumour promoter, and
sitosterol and betulinic acid inhibit tumour formation in
mouse skin two-stage carcinogenesis. Oncology, 48, 72-
76.

VITAECAPS  2/8/06  8:42 pm  Page 6


