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By courier November 8,200l 
Food and Drug Administration (FDA) 
Dockets Management Branch (HFA-3.50) 
5630 Fishers Lane, rm. 1061 
ROCKVaLE MD 20852 
U.S.A. 

Ref. Reopening of Comment Period for the interim final ruie authorizing a health claim on 
the association between plant sterollstanol and reduced risk of Coronary Heart Disease 
VW; publication date October 5,200l; do+ NOS. OOP-1275 and OOp-1276, : :: : .t ,; 

COMMENT BY MB MULTI BENE HEALTH OY LTD ON UNESTEMFIED PLANT 
STEROLSISTANOLS 

With regard to the subject Comment Period, as described in the title above 
we would like, on behalf of the Finnish registered limited company & 

Multi Bene Health Oy Ltd, to file the following comments on the beneficial 
effects of unesterified plant sterols/stanols, which is the main business of 
our company. Please note that this letter is signed by Mrs. Anu Mehtonen 
legal representative of the said company, and its Legal Counsel M& Maria ’ ,/; 
Parker of Emst & Young in Helsinki, Finland. Any commuhicitions in this 

1 matter should be made to one of both of them (details below). 
.: 

1. Background 

To estimate the eligibility of the unesterified forms of plant sterols/stanols 
for the health claim, the Food and Drug Administration has requested addi- .J -.. . honal information and comments concerning the effectiveness of unesteri- .:: 3 fied Plant sterols&mols in reducing the elevated serum cholesterol level 
and the risk of coronary heart disease (CHD), particularly at lower intake 
levels from various food products. .( , ; f ,_ _ j 

1 
; “. .., ..:. .. .>.S’ 

4 : 
After studying the effect&eness and safety of unesterified plant sterols for ‘f .<3 ,. .YeaW h;ls n@gene Health Oy itdsbbmits the following documents to ::+; _... : suppci its Opinion, that there shotild’be enough &&t&c st&&$ and hu- 

i man trials to justify the health claim for unesterified plant sterols and .i -:! stanols. 
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2. Multibhe @ patent 

The use of natural, unesterified plant sterols/stanols in food products with 
one or more of the minerals calcium, magnesium and potassium is pro- 
tected by the United States Patent 6,136,349. This invention,is~+called Mul- 
tiBene@ for its multiple beneficial effects. A Novel Food Applic&on has 
been submitted to place plant sterols containing the MultiBeneO-mgredrent 
on the European market. Also to ANZFA has been submitted the Novel 
Food Application to place MultiBene@ on the Australian- New Zealand 
novel food market. (GRAS notification may be submitted by the end of the 
year 200 1). 

3. Eauivalence - 

In the human gastrointestinal (gut) track, plant sterol esters are hydrolysed 
to fatty acids and free sterols by pancreatic carboxyl ester lipase (Miettinen 
et al. 1999; European Commission, 2000; Federal Register FDA, 2000; 
Normen et al. 2000). Therefore, sterol esters are biologically and physio- 
logically equivalent to free sterols (Federal Register FDA, 2000). 

FDA has also concluded that the studies of the effectiveness of free plant 
star& in blood cholesterol reduction are relevant to the evaluation of the 
relationship between plant stanol esters and reducedhskof coronary heart 

. ...‘.. disease when such studies met the study selection criteria specified (Federal 
register FDA, 2000). Irrespective of the ingested form (free vs. esterified), 

-‘” , I ,( ” , the free (unesterified) plant sterol is the active component also in safety re- 
lated phenomenon. Thus, it can be concluded that the data relating to plant ..- ._.I ,, , 1/1 ,....,, __.<,*_ 
sterol and stanol esters can be directly applied to free plant sterols and __ I . ., _.. 
stanols. 

4. Studies and trials 

Several extensive animal and human studies on the effects of plant sterols 
containing MultiBene@ have shown a very effective lowering of elevated 
blood pressure and cholesterol concentrations.. A, wide range of food 
ucts. such as meat products, yoghurt and other dairy products, bread and 
nther bakery tm&$s have been used in these spXhes. 

.~ \, ,,I, “ll”U J-0 a.---, -- .- --- ,..._ _.^>‘.-r,._,_ ‘ e1 

serum total and LDL-cholesterol levels in mildly hypercho. lesterolemic sub- 

jects. A randomised, placebo-controlled, double-b ,lind parallel study design _ 
. . ..+I. -zV ,.,pc.& intprvpntinn n&od was u CP~ 164 subiects participated in 
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the study. The subjects were randomised into six groups, which were sterol 
yoghurt, placebo yoghurt, sterol fresh cheese, placebo fresh cheese, sterol 

hard cheese and placebo hard cheese groups. The subjects consumed either 
150 g of yoghurt, 50 g of fresh cheese or 50 g of hard cheese 
doses of test products provided circa 2 grams of plant sterols. 

per day. Daily 

Total cholesterol concentrations decreased by 4.0-8.3 % in the plant sterol 
groups. The plant sterol enriched fresh cheese and hard cheese reduced se- 
rum total cholesterol concentrations statistically significantly compared to 
their placebos. LDL-cholesterol concentrations decreased by 8.7-l 1.2 % in 
the plant sterol groups. In each plant sterol group, the reduction was statis- 
tically significant compared to their placebo groups. 

In a recently published study made with plant sterol enriched low-fat yo- 
ghurt (Volne et al. 2001), thirty moderate hypercholesterolemic subjects 
participated in study. The study started with an 8-week low-fat low- 
cholesterol diet. After that, the subjects were randomly assigned to one of 
two treatment groups for a period of 4 weeks: a low fat yoghurt (100 ml) 
enriched with a 1 g plant sterol extract versus 100 ml of traditional low-fat 
yoghurt. After a 2-week wash-out period, subjects were crossed over for an 
additional 4-week period. After a 4-week wash-out period, eleven of the 
thirty subject were treated with 2 g plant sterols per day for a period of 8 
weeks. The consumption of yoghurt with 1 gram daily dose of plant sterols 
significantly reduced serum total’cholesterol and LDL$hoiesterol’ievels 
and LDL-cholesterol: HDL-cholesterol. The effect of plant sterols on serum 
total and LDL cholesterol seemed to be dose-dependent. No changes were. 
observed in HDL-cholesterol and triacylglycerol levels. 

In a clinical trial (Sarkkinen et al. 1999) tall oil derived plant sterols en- 
-riched frankfurters and cold c.uts reduced serum total cholesterol concentra- 
tions-significantly in hypercholesterolemic subjects. A randomised, pla- 
cebo-controlled, single-blind repeated measure design with three test peri- 
ods was used. Altogether 21 subjects participated in the study. The subjects 
consumed a total of 75 grams of frankfurters and cold cuts per day, which 
provided 2.1 grams of plant sterols. 

.’ 

, As a result, serum total cholesterol concentration decreased by 4.9 % and 
LDL-cholesterol by 4.6 %. No effect on serum HDL-cholesterol and 
triglyceride concentrations was found. 

In a clinical trial (Tikkanen et al. 2001; a manuscript) three different food 
items were enriched with tall oil derived plant sterols. Daily consumption 
100 g of bread (wheat and rye bread), 8-16 g of jam (ingested mixed with 
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natural non-fl avoured yoghurt) and 70 g of meat products (meatballs and 
sausage products), significantly reduced both serum total and LDL- 
cholesterol concentrations and improved the HDULDL-ratio. A random- 
ised, double-blind, placebo-controlled parallel study with two groups and 
three test periods was used. The study comprised of 71 hypercholes- 
terolemic subjects. Half of the subjects consumed plant sterol enriched 
food items and half of the subjects placebo products. During the first inter- 
vention period the plant sterol enriched food items were calculated to pro- 
vide 1.25 g of plant sterols, during the second period 2.5 g and during the 
third period 5 g. 

2 
2. . . 

According to the food diaries, the actual intake of plant sterols were: during 
the first period 0.9 g, the second period 1.9 g and the third period 4,2 g. 
During the three periods (0.9 g; 1.9 g; 4.2 g, respectively) both total and 
LDL-cholesterol levels decreased significantly more in the intervention 
group than in the placebo group: total cholesterol by 6 %, 6 %, 8 % (inter- 
vention) vs. O-3 % (placebo) and LDL-cholesterol by 10 %, 10 %, 13 % 
(intervention) vs. 3-5 % (placebo). The HDL/LDL-ratio improved signifi- 
cantly in the intervention group compared with the placebo group. 

5. References and study reports to demonstrate effects of plant 
sterolshtanols in various food products. 

,,, 
’ (The reports attached not hereto are market with *). 

.’ 
ATTACHMENT 1: European Commission. Opinion of the Scientific 
committee on food on a request for the safety assessment of the use of phy- 
tosterol esters in yellow fat spreads, 2000, European Commission, Health 
& Consumer Protection Directorate-General. 

“.. ,, .j. .z_ 
ATTACHMENT 2 (front.cover only): Federal Register: September 8, 
2000. Volume 65, Number 175, Pages 54685-54739 
httrx//vm.cfsan.fda.aov:80/rd/fr000908.html 

3; ..“,,, ,, ,, .._ .-p I, ., I”.l,. (\ i ._ ‘j” -.‘- .*’ ” ,‘.) : 
ATTACHMENT 3: H. Karppanen, T. Vaskonen and E. Mervaala: Novel 
“MultiBene” food c,omposition lowers serum cholesterol and decreases 

; ,~ obesity. XIII Intemstjonal Symposium on Drugs Affecting Lipid Metabo- 
’ hsm. Florence, Italy, 1998. Abstract Book,‘page 32. 

,,., ,,*’ j”,, . 
ATTACHMENT 4:‘Rorpela Riitta,.Hogstriim Pia et al. Plant sterols reduce 
serum lipids incorporated in low fat dairy products. 2001. 

* Miettinen TA. Stan01 esters in the treatment of hypercholesterolernia. 
European Heart Journal Supplement 1999; 1 :S50-S57. 
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* Normen L, Dutta P, Lia A, Andersson H. Soy sterol esters and b- 
sitostanol ester as inhibitors of cholesterol absorption in human small 
bowel. American Journal of Clinical Nutrition 2000;7 1:908-913. 

ATTACHMENT 5: Sarkkinen Essi, Tapola Niina, Uusitupa Matti. Effect 
on low fat and low salted meat products enrjch,ed with MultibeneQ on se- 
rum total, lipoprotein lipids and blood pressure in sub&% %ithmild to 
moderate hypercholestrolemia. Study report. 1999. 

ATTACHMENT 6: Sumuvuori V., Vaskonen T., Helenius H., Mervaala E. 
and Karppanen H.: Cholesterol lowering effect of sitostanol ester marga- 
rine and plant sterols is enhanced by co-administration of calcium, magne- 
sium and potassium. Abstract Book, A-club meeting, April 16-17, 1999, 
Helsinki. 

ATTACHMENT 7: Vaskonen T., Mervaala E. and Karppanen H.: Incorpo- 
ration of mineral nutrients and plant sterols in a high-salt, high-cholesterol, 
and high-fat diet lowers blood pressure and serum cholesterol, and de- 
creases obesity. Abstract Book, A-club meeting, April 16-17, 1999, Hel- 
sinki. 

ATTACHMENT 8: Tikkanen Matti J., Hiigsttim Pia et al, Effect of diet 
based on low-fat foods enriched with no-esterified plant sterols and mineral 
nutrients on serum cholesterol. Manuscript. ‘. .< 

ATTACHMENT 9: Tuomilehto J., Hogstrom P., Keinanen-Kiukaanniemi 
S., Tikkanen M., Karppanen H.: Reduction of serum cholesterol,concentra- 
tion with a diet consisting of common foods enriched with plant sterols. 
European Heart Journal 1999; 20 (Abstract Supplement), XXI Congress of 
the European Society of Cardiology, Barcelona, Spain. Page 176. 

ATTACHMENT 10: Vaskonen T., Mervaala E. and Karppanen H.: Novel 
food composition prevents the increase of blood pressure and serum cho- 
lesterol during a high-fat, high-salt diet, and decreases obesity. Scandina- 
vian Cardiovascular Journal 1999; 33 (Suppl. 51), P 62. Page 45. 

ATI’ACHMENT 11: Vaskonen T., Mervaala E. and Karppanen H.: Incor- 
poration of mineral nutrients and’plam sterols in a high-salt, high- 
cholesterol, and high-fat diet lowers blood pressure and serum cholesterol, 
and decreases obesity. 5th International Symposium on Multiple Risk Fac- 
tors in Cardiovascular Disease: Global Assessment and Intervention, Ven- 
ice (Italy), October 28-3 1, 1999. Abstract Book. 
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ATTACHMENT 12: Vaskonen T., Mervaala E. and Karppanen H * IncOr- 
pOratiOn Of mineral nutrients and plant sterols in a high-salt and high-fat 
diet lowers blood pressure and serum cholesterol, and decreases obesity 
circulation 1999 (Supplement), Abstracts of the 72nd Scientific Session; 
November 7-10, 1999, Atlanta, Georgia, USA. , 

ATTACHMENT 13: Volpe Roberto, Niittynen Leena, et al. Effects of yo- 
shurt enriched with plant sterols on serum lipids in patients with moderate 
hypercholesteroIemia. British Journal ofNutrition (2001), 86,233-23g 

ATTACHMENT 14: Sumuvuori et al. Appendix 31. Scientific abstact on 
animal studies. 
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Should you have any quer$$‘$#$$&&go~dditionaj information, as well as 
for any other communication, please contact the signatories. 

Yours truly, 

Anu Mehtonen Maria Parker 

R&D Director 

MB Multi Bene Health Oy Ltd 

Vkkimlentie 15 

FIN-O.5200 RajamG 

Anland 

tel: +358-9-2902040 

,f 

f&: +358-9-29020420 

APPENDICES 

: : 
‘. , .,\? . 

Legal Counsel 

Ernst & Young 

Kaivokatu 8 

FEWlO Helsinki 

Finland 

tcl: +358-9-172 771 

fax: +358-9-622 1024 

BKotipaikka: Helsinki, Kaivokatu 8 00100 Helsinki 
Hemort: Helsingfors, Brunnsgatan 8 00100 Helsingfors 
Y-tunnus 1638549-4 FO-nummer 



EUROPEAN COMMISSION 
HEALTH 8 CONSUMER BROTECTIbN DIRECTORATE-GENERAL .- 

Directorate B - Scientific Health Opinions 
Unit 83 - Management of scientific committees It 

SCF/CS/NF/DOS/l FINAL 

OPINION OF THE 

SCIENTIFIC COMMITTEE ON FOOD 

ON 

A REQUEST FOR THE SAFETY ASSESSMENT OF 

^I THE USE OF PHYTOSTEROL ESTERS IN Y&,OW FP;‘f $PRE’kIjS 



LTERMSOFREFERENCE 

With reference to the initid mwccmont ,-MA-A n-w+ h-1 the Dutch authorities - . ..- ------- ^ -IY”Y”*.~“.IC VuxIIbU ““I “1 

lig&t df the $&ant comments/objections presented d , in the 

v member states and pursuant 
the &cle 11 of Regulation (EC) 258197, the Coimittee is asked 

safety frdm .the point of view of consumer health, of phytosterol esters 
to assess the 

spreads as a novel food. 
in yellow fat 

CKGROUND 
. . . 

The Corm&on has received the initial evaluation of a petition for an approval for 
the use of phytosterol esters in yellow fat spreads as a novel food. Phytosterol esters 
used at levels proposed in the application, will lead to a new product with enhanced 
cholesterol lowering activitv. 
The application was made under the Novel Foods and Novel Food hgr&ients 

Regulation 258/974X. The product is classified under Classl, Subclassl: a pure 
chemical substance or simple mixture obtained from sources already in use for food 
purposes in the European Community. 

The petitioner first submitted an application to the Dutch competent authority for 
initial assessment. The Dutch Preliminary Advisory Committee on the Safety of 
Novel Foods performed the initial safety assessment of this new product, concluding 
that “ . . . the pro&ct . . . ..is safe for human use at the levels indicated below The ._- committee has assessed the full dossier and with current krrowledge~sees no hum& 
health concern occurring from a nutritional or toxicological p&t of view. However 
. . . ..the commktee advises to restrict the dosage of the phytostero& to a maximum o; 
8% W/W. At this level serum cholesterol levels drop practically at the same rate as 
with higher dosesof phytosterols, but there is less or no drop in serum carotenoid 
levels”. .I. ^ ._‘/-I 

During the consultation procedure following the initial assessment by the 
Netherlands, comments/objections were made by a number of Member States’ 
Audm-ities. The European Commission therefore decided to submit this dossier’ & 
the Scientific Committee on Food (SCF) for &valuation oft&’ &f&y of this product. 

Major questions, concerns and recommendations made by Member’States Were: 
. . r/ ._.../ + .I .-‘.I . . .-; 

It was questioned whether the product is actually free of rDNA 
,.-, .,i ,:., ,.. ,; ., 



f ?f the.f+arofene lowering effect should be based on Iiie:‘97.jth r 

: product will include validation of health claims, ” 
Time limited (1 year) permission and post-marketing inform&ion should be_ . ,,.,--iA-J 

- Oxidation products of cholesterol and phytosterols should be add&&d, ., - Health risk pbsed by’ the product to phytosterolaemic individuals should b;e 
sufficiently taken into consideration. 

L ‘..” _. _,. “. ;; ‘: -“_ ; ,, : ‘. 
,,These’ que&&, concerns and recommendations are addressed by the SCF in this 

’ ,opinion if considered relevant for the safety evaluation. 

3. EVALUATI’ON 

The application submitted by the petitioner follows the Commission 
Recommendatiotis (1). The product falls into Class 1, Subclass 1: a pure chemical 
substance or a simple mixture obtained from sources already in use for food purposes 
in the European Community. According to Regulation 258197 phytosterols would fall 
under article 1, Paragraph 2, Section e. 

The present evaluation is based on the structured schemes of the SCF as a guide to 
identify the different aspects required to establish the safety of the novel food (I), on 
the information submitted by the petitioner (2), and on the comments of the member .I 
states on the initial assessment report made by the Dutch Competent Authority. _: I : I. .._.. , ” 

3.1 Specification of phytosterol esters 
Jo.._ 

witi; $&$&$d esters as a @ie{ &&&&ent, added .&&&r&e, the applicant 

developed a‘jGllo< fit spread that enhances-ch&esterol-low&ring activity in humans. 
This novel food in&&ent is the esterification’ product of ~h~&terols, mainly ‘wi’& 
polymisatur;lted and, in part, moioeioic fatty acids. The common or usual name.of 
phytosterol esters is proposed to be “vegetable oil sterol esters”. Phytosterdls are ^ _, I ,. extracted ftom tie ddible‘$ls ;(s;i$,‘n&&$ ra&s&d, s&&w&> ‘&i esterificd with 
sunflower oil fatizy acids. The product tested in genotoxicity studies had the following sp&i.ation il;esults of thy iiria~~is~~~~~~,~i‘~~i~~t~liatchksj (2ji,‘;“’ “.). jjl,._, I*<. 

; (‘ _, ~., -.i ,,. _.,-. ‘““’ ., ,., 

,‘,’ ,.‘. _ ., . ” , il .‘. - _. . . .. j ., _” \ ., ,. ,.. 
l Free fatty acids <0.2% (w/w) 
l - Total fatty acids 37.0 - 37.7% (w/w), mean 37.4% (w/w) 

... 
‘> Fatty acid composition (of total fatty acids): 

: * _ . . :-: j Cj6:O 7.5 - 7.6% 
Cl8:O ‘, ,;,.4:8 - 4.&, 

I i ,-, 
-..; ., ,.._ , ~ ;,,. ‘.‘,.:‘ ; ,, ,_ I .., n. j ., ” “.,,‘..<.l’ ,. : : 

.:;, ,.A_ =‘ 
i \ ;I,, C18:1 :..:,;::,.,+ I,.. “y .__ .e”. ih “1 1 ,. +, 

..’ . . ..r ‘?,A ..-:,& .!$“” 

., ,..^““:,;,, .>;.g - ~~.3!4J I, “y: $.‘, -2,. _ .’ , .>,>!>,, 1.;~: ,.,,, .,,<;:,:a, ‘. :.:2p::‘,c ,:.) /,,, .*,“&.+:.>; il’ \ ‘“, ; 

‘., 

.- * gi;;;:- y$!;;. 

- l Ke Gerols 
.I- (. ? : 

-;.;!j.l’- ,(:;::,:‘~. .‘T “Y :” ;y,;;. ; _ 

,. 

l Total sterois 
IQ.5 - 11.8% (w/w), mean 10.9k’(ti/w) 

I:.‘. + .,: _ I ,: 

62.3 - 63.0% (w/w), mean 62.6% (w/w) 
l Sterdl profile (of total sterols): 



Based on the variability in sourcing/seasonal variation of the plant sterols, the 
applicant expects the following sterol profile (2): 

-, 

Cholesterol 
Brassicasterol 
Campesterol 
Campestanol 
St&master01 
IJ-sitosterol 
Sitostanol 
DS-Avenasterol 
D7-Avenasterol 
D7-Stigmastenol A. 

0.0 - 2.0% of total sterols 
0.0 - 9.0% 

10.0 - 40.0% 
O.O- 6.0% 
6.0 - 30.0% 

30.0 - 65.0% 
0.0 - 10.0% 
o.o- 4.0% 
o.o- 2.0% 
0.0 - 2.0% 

Uther 0.0 - 5.0% (_ 
n,. . rnytosterols occur naturally in food as free alcohol, esterified with long chain f&y 
--‘-ls (25 - 800X1 df:t$d phytosterols) and conjugated as gluc&es”(usu, 

----r-’ Ye majonty of plant oils contains 0.1 - 0.5%; iKhi&&rne,& 
man, wheat germ, oats) contain up to 4% total1 phyt&r& (ij. Reduce< 
----eads on the market contain approximately O-3-0.4% phytosterols. 

LION ror uus novel rood mgredient covers yellow fat spreads with 
reased levels of phytosterols (up to 12%, on average 8%). ..,;,;L.~.“..*. . ,-.,-. i.. *.. ‘. 

are by-products of vegetable-oil refining. Phytosterols are ii 
~WNGIWUIJ~I edible oils (soya, maize, sunflower, rapeseed). The conventional causIic 
--“ning @oCedure comprises ,J+.L-#.r.‘-- ml.- t degumming, neutralisation,. bleaching and 

kt step, a mass-transfer process, by which kbst&ce$ 
,:, ..-J--‘-A * I- 1- - . __. -j, 

‘O’C), leads to a distillate making around 0. 1 ‘-. ( 
*I\n/ -I- * I. . . . :. 

UIU process rules currently used to ensure safetv of conventional spreads 
.a ~.. _____ 

e oeen used for the new products. All materials are produced according to Go 
. ..C--L.-- m I.’ es. All processing materials are of food-grade or equivalent: 
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the same l-lazard Analysis and Critical .&$$rol Point ‘(I-IA~GP) schemes are used to 

*; 
J 

control product safety and quality. 
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IIYLU~KIUIS irom on mom already approved genetically modified plant strains might 
tie present in,the mixture. The isolated phytosterols are re-esteritied with fatty acids 
c-- -...-n- ~~ .I 

:. . ine proaucnon process or the spread has a history of safe use for ingredients for the 
fcw.A ;.. ,&,,c -.^- 2 :r A--- --1 tffect the composition and structure of the components. 

. illY available and used plant oils from different plants, but mainlv from 
soya, sunnower, maize, and rapeseed, are the sources for production of the novel 

_ 
’ food,,ingredient. These source oils are not derived from plants especially grown for 
.,. 1 -+tF *- -*---:e and, they are generally not genetically modified, although it cannot be 

wuucu mat some mixtures contain oils or isolated sterols from GMOs. In this case 
^ ̂  ̂  - - . be expected to be approved organisms and derived products like the 

-eady soybean and its products. Thus, whenever labelling reauirements 
he use of already approved ingredients derived fromWGMbs, these 

--=-----.. ,..ts will also apply to this novel food. < 
9., 

-.I 

3.4 Ingredients use in food 

UC: aPpucanr nas appneo to use vegetable sterol esters in new vegetable oil-based 
. ., . ---. 

’ “me. sterols). The use of the new product is 
my cnotesterol levels as part of a diet iow in saturated 

tesceroi. one spread base contains. around 40% fat, composed of edible” 
1,: -‘LI-. i i’(.... ; vegetable 011s wnlcn are nlgn in polyun saturated (PUFA), low in saturated and verv 

With normal consnnption of this kind of spreads 
” 1 p~&&&IS ‘when using the ;--.-f I-- A-- A” ‘** . being 20 - 30 g/o, the int-.,, -I 

IIUVCI product vv111 Increase to about 1.6 - 2.4 g/d, ., ruurmng IO an 5-1~ rola increase of the current daily intake from traditional .“_ IA,,& 1;. th, tm A ..1”.4 -A--. 01 esters in plant oil-based spreads at levels up to 20% 
b lCrR AS-1 rA1” 

.d/ 

,+ !1,-: 
x :.The..main sources of phytosterols in thf L-~- ‘z-L “. .__ _~ _i..:\ 

,/ _, Bread and cereals can also contribute j:,, .,~, ,;\. “~,~.~.:,.~~“;.,..*ui..,‘~~~ ,‘& I_ ‘:: %L( _I>.. .“I I.‘. ‘^. ,. ̂  

\ ._ ‘“‘“.ay, YVLUWWJ, GALC~L sceunngs or oaney, oeans, peas which contain 0. I - 0.2% 
~nh&,.~+z.~~l~ CT,....,. ^^^J^ --- -I-- . * sources: sunflower and ses,ame seeds contain 

CW, nhvtn.tm.~l D 
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A typical U.S. d@ provides approxi%at@y 250 mg of phytosterols per day (= 4 
tig/kg bw/d) (7). In the VK and the Netherlands phytosterol intake was’ estimated to 
be about 200 mg/d. In the.adult Finnish population average intakes amounted to 300 
mg/d (((((((((((((((((((( 5 mgIkg b&d) with an upper limit of 680 mg/d (--‘Id m&g bw/d). 
Generally the intake of adult vegetarians and their children is higher (up Zo 40%) than 
the average for the population as a whole (7-9). .\ 

inf.‘.‘.‘. formulae based on cow’s milk contain 0.08 - 0.20 &01/l D-sitosterol 0.03 - 
0.10 mmoY1 campesterol and around 0.02 mmolll stigmasterol, while.the $h$o&rol 
content in human milk is negligible and can not be detected using current methods 
(10). ,. ./ ., * : bi:-..J. . . b” . 
Oral phytosterol intake of about 3g/d inhibits the intestinal chblesteroi absorption 
probably by blocking the receptors (11). Aiming at a sir&r blood cholestero; 
modulating effect, studies with hypercholestememic subjects have employed dose 
levels of many grams (up to 25 g/d) of phytosterols per day for up to three years (8). 
Such limited total- and LDL-cholesterol lowering effect can be compensated by an 
increased endogenous cholesterol synthesis, unlike the use of drugs suppressing 
synthesis or petirbing the enterohepatic cycle of cholesterol and bile acids which 
might lead to very low cholesterol IeveIs. In addition, studies have shown tiat drug 
treatment with statins to reduce cholestero1 levels increased the 
phytosterolIchoIestero1 ratio by increased absorption. For example, the ratio of 
sitosterolIcholestero1 was shown to increase by 200 % (9, 13). ̂This m&r&, ‘that l&h 
intake of phytosterols could be a potential problem when ingested together with 
cholesterol lowering/inhibiting drugs. 

From marketing data on users and usage of a similar yellow fat spread containing 
phytostanols in the EU, the petitioner concludes that the pr&luct ‘is used 
.predominantly by people who are more than 50 years old and of relatively high’socio- 
economic standing, and that the majority of ho&holds using’& &duct consist of 
one or. tie people. The petitioner’s cu&nt sales data fo; yellow fat spreads 
containing phytosterol esters in USA and Australia indicate a comparable-consumer 
profile. A_ 

;i 

Typical dail$ &oFsumption of yellow fat spreads in Europe is between 20 and 30 g/d. 
In o$& io a&eve the required cholesterol lowering effects the in&e of’&tosterols 
- according to petitioner - should amount to 1.6 - 3.6 g/d (expie&d’as esters 2.2 - 
5.0 g/d). That means-that phytosterol concentrations in the yell&w fat spread should 

..’ be 6 - 12% (w/W). Estimates of fat spread use of males abovi.50 years of age in the 
UK and the Netherlands show that the 95” percentile of use is approximately 57 g/d 
and 70 g/d respectively. 
.^. -1 _, ,~ _, *I :^.*l,,” :, .*, .- (I ,a,‘, 5. ?( 2:: ye+:!- “:’ ;z++“*<.+++;f>,;qQ3 5. .,,,’ :~:l”;2.gl~.:+:.p, ., -. , ‘. 1 ~ .i2.-.rd ‘.>$k& :’ .:‘ ;.: ., -,:. -;~~;~~., “.+,b,&“. .- .<- : ‘. :-1 . 

-’ The &&k&&g of the product is focussed: on the particular se&& ?f thk dopuiation : 

that is trying to control its blood cholesterol levels. ..’ ,‘_’ .:.. . . .i XI : ,‘I ‘:. _ ,I. .+?;:.“.zx , i :,,:~‘“;;~~~“~,~~~.~~~~:~~,~~~ , ;.,;;;:,-,& ,” ‘I,- ‘0 
,., ,-,, \., r,: :. ,,., .,.w* ~- ,.,, ,.;p :. . : 4. : 

As’ indicated by the ‘abplicant there is‘ only- a’ small number ,of people at risk -of ” :” 
>. adverse reaction. These comprise individuals with an inborn error of phyt&terbl 

metabolism (autosomal, recessive); worldwide 50 cases are knqzn (2). Appropriate 
. . . 
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labelling shot+-. assure,, that phytosterolaemic patients can avoid consuming the 
‘.~. ._ ; s 

_i product. :,he<-‘,’ * 
,_ . ,, %“:. :: . . _ -:-;,-, 7,’ ._ ‘; .;_. i. : ; :. ‘.,+~~~~~~,‘;:r / ‘_ -. ,: .. ,.’ .- j- m&y T,-; 

--@ Although it is not intended to recommend this product to healthy young adults, or for . . $,B ;>.cq*; z-/v- i’*: children, these individuais may consume the product when it is available in a family 
s :Y home. The initial assessment came to the conclusion that children in Europe are not ,?i$.ft 
.@$ expected to experience negative effects from possible lowered cholesterol levels. ,;$ ,X$ ._ . . . 
;,i:; i ;$ ;gj The new product is intended to replace other yellow fat spreads. Based on the product ,->$j .? iy specification the novel food differs from other fat spreads only in the phytosterol 

$2 ,” d ester content at the cost of corresponding amounts of non-fat compounds (water). + ..a :+* Thus there will be no change in intake of nutrients and/or other compounds. The new 
.:a “:p ,. r_ product contains a similar amount of polyunsaturated fatty acids as other so called :;&+a 

“heart health” products. 
_ i$ .i* ji&j 3.6 Nutritional information ; +pj .I? 
‘- I 

Phytosterol esters are hydrolysed by pancreatic carboxyl ester lipase. Absorption of , :: 
free phytosterols in humans and experimental animals is low: 4 - 5% for P-sitosterol ,, and stigmasterol, 9 - 10% for campesterol and brassicasterol (12). At higher dietary 

i, I .I intake (2000 mg/d), absorption of sitosterol by humans is reduced. In healthy subjects 
campestanol is better absorbed than campesterol (12.5% vs. 9.6% of intake). 
Phytosterol absorption in women was found to be slightly higher than in men (13) 
and higher in children than in adults (14). 24.: :‘,I 

.,z Absorbed phytosterols are transported in the triglyceride-rich lipoprotein (VLDL) and 54 chylomicrons, taken up by .the liver and then excreted into the bile (15). ~Circulating’ 
I%$$ phytosterols are tqnsported in the blood mainly in LDL and I$L fractions. Tissues 
-3 i -i$ with LDL receptors such as the liver, adrenals and testes ‘may then take .up 

,:. -i phytosterols and’ convert them into steroid hormones (16). Sincetheir concentration 
-, p ‘in these tissues is much lower than that of cholesterol, this will not significantly :ip e.1 . . contribute to hormone synthesis. However, no information on the relative potency of :; 
.‘W hormones derived from either cholesterol or phytosterols is available, Unabsorbed ,,:*. +;:a ..f sitosterol and campesterol is converted by the human colonic microflora to 

sitostanol/stigmastanone and campestanol/campestanone, respectively. Among~ a i 
group of 3 1 normal North Americans,‘23 high-converters have been found converting ” 
a mean of 83 Z!Z 9‘?& sitosterol ( i7). 

( ;$ i> ,, $4 After ingestion of 8.6g phytosterols/d in healthy human adults, faecal concentrations . ~> 
.Q-J 
‘% of sterols and steroi metabolites increased from about 40 to 190 mg/g dry weight and 

‘-,.A .,-..,. 30 to 50 mg/g dry weight, respectively. The major sterol metabolites excreted were - _- 
;!zq metabolites saturated at the-5,6-position in ~-configuration or metabolites formedWby i ~q . oxidation at the 3position. The faecal concentration of 4&holest&~3~oue ‘was ;;$ p, slightly ‘but significantly increased (about 2 mg/g). Faecal second& bile ‘acid I yq ,$$ 4 
;g,$j concentration wasreduced. The formation of small amounts of oxysterols could not 
,:$I be excluded, but considered to be unlikely (18).‘Phytosterols in food can be oxidised .,-?a :;;j “r$g particularly at higher temperatures (>180 “C) (19). Oxidation products (7-hydroxy: 

L 
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‘:, ano 1:keto-components) are formed at very low levels which‘are similar to- other .‘_:,I . . . ). 
plant 011 products containing phytosterols and are also poorly absorbed (2). 

.I .._ :,- 
_^ _ 
If the product is consumed on regular basis (20 - 25 g phytosterol-enriched spread 
daily, equivalent to 1.6 - 2.0 g phytosterols/d) then the average lowering of plasma 
LDL-cholesterol will be 8 to lo%, relative to initial plasma levels (4.16 _+ 0.5 to 6.54 
+ 6.61 mM). The reduction in blood cholesterol levels of the magnitude anticip&ed 
from consumption of phytosterol-enriched spreads is safe in those individuals who do 
not have elevated plasma cholesterol levels. This was confirmed by the results of the 
three-year Dietary Intervention Study in Children (DISC). In 8 - 11 year old children 
a diet low in fat, saturated fatty acids and cholesterol lead to a modest decrease in 
LDL-cholesterol, while maintaining adequate growth, iron status, nutritional quality 
and lXsychologica1 well-being during the critical growth period of adolescence (20). 
Children and adults would not be expected to experience any adverse effect on 
metabolism when their blood cholesteroi is lowered. The novel food is intended to be 
used by population groups above 50 years of age, who try to control their elevated 
blood cholesterol. 

‘. At levels of phytosterols in spreads of 3.4,6.5 and 11 - 13% (w/w) in short term (21) 
and 8% (w/w) in a one-year follow-up study (2) the new product is equally effective 
in lowering LDL cholesterol by 8 - IO%, relative to the initial plasma level. At 1 I - 
13% of phytosterols in the fat spreads no appreciable effect on the fat-soluble 
vitamins calciferol, tocopherols and phylloquinone was noticed, but a 10% reduction 
of ct- and B-carotene as well as lycopene was observed. This reduction of 10% itself 
seems not to be of physiological relevance, but, considering a long term exposureand 

: 
taking into account the 97.5 percentile of intake, the decline of b-carotene levels 
might be higher. 1 I I I. , -I) ;, :_ _ 
In the initial ‘assessment by the Dutch competent authority it was expected that a 
maximum of 8% (w/w) phytosterols will cause little or no drop in serum carotenoid 
levels. ;,# __ *:,, *I. “( .,. . ” ” .. 
.” .^, 

usmg tat spree 

1 ne results can be sum 

The applicant considered the points raised by some’ member states after the initial 
-assessment and commissioned a one-year follow up study (2) with healthy subjects . - 

td containing 8% (w/w) phytosterols (the preparation contained 38g fat 
-in 100 g spread). A report with the results of this study was forwarded to the SCF. 
‘PP. ~~ . . marised as follows: 

. When adjusted for total lipids no statistically significant changes after week 
26 and week 52 were found for Iutein, zeaxanthin, I3-cryI.&xantl$n, lycopene 
and a-carotene. Only D-carotene 
week 52; the level dronoed bv 2 

was significantly (n=O.O37) decreased 
-* < 14% (2 lcwh& ~i~i~ya$,‘&,d> ai &&Ge; 

j,.L ‘with’the initial level at time point 0. This significant drop of&carotene leve; :.rr- ‘o&t&d af?zr,. 52, we&s despite the fact that the tested new fat &&ad 
c&&&l a maximum of 50 mg carotenoids per kg fat (mainly B&&&e and 
lycopene added for coloration). The reduction was twice that observed in the 
short-term studies with 12% phytosterols. Nevertheless, it can beseen from 
the week 0 results that there is a large variation within the normal range for 



, 

F, . * 
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ph,sma g-carotene k&‘ls, $tfhcG area$o,;seasonal var$i#‘and that this : I;+‘,- ._ *y ., _- , 

reduction is within normal range (Table 1). 
j ‘: . . 

.,!.” ,, . . ,., ._,,,- 
Table 1: Changes in plasma O-c&ote~~‘ievds in’one-year fdllow-up study 

fdata from ref.2, dot. ref. D991047) 

n=64 healthy J3- carotene . . 
g-carotene/lipid adjust. 

I... --1 I--.,. I\ 

\ 46.kk28.6 I c ._ II - \,I:>.‘> 1; ,a ,.:; ;,- i:,: -. .? : .Li ,&&:,“y<,,;,; .:e.. :i -‘..I __ 
:come more relevant when the I ,. _,a The reduced plasma g-carotene levels might be ; __, ,____, _ vitamin A status is not ---~imai~ ..fjb$“gi6g .~~~~ ‘for p;~gn~~~~~~~~~~~~~‘liii;;g 

women as wei1 as younger children. 

There were no significant differences in ,me plasma levels of retinol, 25-OH- 
cholecalciferol or cc-tocopherol (total ‘lipid a;fjuSted) during 52 weeks of 
study. Phylloquinone status was not statistically different between test and 
control groups after 26 weeks of study. 

1 

There was a significant cholesterol-lowering effect of phytosterol esters 
enriched margarine throughout the one-year duration of the study (2). 

There were no side effects seen in the individuals during the study. ‘- ,< I “.,_ I. _ ,. 

3.7 Microbiological informz%tioI’j .I ,, .I, ~.. I( ,,,,,, ,I. 

Spreads co@a@ng phytosterol esters have been tested for their microbiological :. 
stability and have been found to be similar to conventipnal spreads. The production 
process ,and the i&&&-~;~$&& “;f &&&,;f &&&ive Go i-$6 &j+&.,-,f 
microbiological’ &sky go data indicate an effect on the intestinal flora in terms of 
bacterial profile or metabolic activity beyond natural va?iation?“~ -’ ’ - ” ‘. i 1&I- ..‘.. . I 

I 
. 

3.8 Toxicological inforination . ..I , ,, 

The toxicological informa$on ~av$ab~~,,&J~ phytosterols 
a& phxrtncternl RP+~~ 

comprises data from st$is, on%,absorptron, distribution, metabolis 
an~ on ia) . &bchr&ic toxic&y, (b) ‘-genotoxicity, (c) reproductrve !.??w!YI (o) <. %.a... --. ~-, _-- ~- 

potential estrogenic activityandfrom (e) human studies: 
. .i “.a: :/ .;.. y; 

‘. \... ,-,$_ ).z.)__, .__ - , ,, , .‘ . . . .I ““..I_,, ,.,, ., ._, ;, .‘” ;. 2 ,-“.““$.+, ; __ ;’ wekk fee$;-gst;;;jy .-& ~~~&?mix-y;e’of p;&&rol esters, obtatned _ :‘*-.’ .j.“, -* 
>. I : _ 

. . ,, mainly from s&a’bean oil and re-este#ie,d,,,~ith fatty acids from sun.~o??? r-r,, ““-,,qvy91 -.._ I ,>_ “_ 
‘1 & tpptprl at dosages of 0.16, 1.6, 3.2 and”:&% in’the dief The mixture 

,__ :; ._, .“L,. .I 
..; I\* 1. I ; “.eii r<<.t;;.;l,* ~;,&pp.~,,*.w~ ‘. .,: I & ._, .: 

b”1,uu1,~U “L- I ” .y.-- -_---_- consisting of mainly p-sitosterol (48.7%), 
campesterol (25.8%) and stigmasterol(2i.,6%) with only l.l.% brassicasterol. 

(a) In a ;3- 



‘ z 
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cc,‘.. __, 

,I J”,,‘V UL&f’““. “” .&$s” “m’haematolo gy and clinicaLche$r&l Iparameters, 
relevant toxic.‘effects up to the highest dose of 6.6 g/kg bwfday 

, corresponding to 4.1 ‘g ph)toaterols/kg bw/day) were found (22). 2 

b) 

I 
..,, 

ehytosterols (47.9% p-sitosterol, 28.8% campesteroi, 23.3%st$nasterol) and 
‘. phytosterol-esters (47.3% p-sitosterol, 28.1% campesterol, 24.1% 

-LzLL-~~~;~l) show neither evidence of mutagenic activity in the bacterial 
l,lcllcIllVll ,,;ay with Salmonella typhimurium (strains TA 1535, 1537,98 and 

. 100) nor clastogenic activity in tests on chromosomal aberrations with hum,an% , 
--Aqheral blood lymphocytes in vitro both in the presen~~‘g;;~~~~~~~~~~ S-9 

A”.& ,” “., .&.= ,-sterol, 0.8% campestanol, 18.7% stigmasterol, 45.5% g- 
sitosterol, 2.6% D-sitostanol, 1.1% DS-avenasteml, and 1 .p”l? others.,, Usmg an 
in’ v&/h i$+o procedure the mixture did not mduce GG&ed~led DNA *l.,l ,_“.,_ _ 
synthesis (UDS) in the livers of orally dosed male rats (once wrth’2000 
mg/kg). In another study in rats the plant sterol mixture $d not induce 
micronuclei in the polychromatic erythrocytes of bone marrow of maie rats 
treated up to 2000 mglkgld (2, dot. ref. D00/004). 
Neither 4-cholesten-3-one, an oxidation product of cholesterol. increase :d in 

volunteers fed phytosterols, nor 5P-cholestan-3-one showed mutagenic .- 1 . . _.,. /,_ _“- . 
activity when tested in the bacterial mutation assay with five strams of 

- Salmonella typhimurium. Furthermore, none of the substanc qes showed a --: ,. ,_ 
. ~. tog&c potential in the in +ro chromosome’ aber?ai_ assay with human 
lymphocytes (23,24). *.-_I ;, ,..‘,_ 

:, ,; /, -; 
A:;.. 

9 A variety of effects on the. reproductive system such as an&n@ogemc a 
:.. -ahbits and decrease in testicular weight and sperm doricentration.ir ..* 

‘e been reported for B-sitosterol and phytosterol-rich .ex@cts (25, 26, 27, _ _‘ 

. 

derived from rat livers. 
lli ,ddition, two in viva genotoxicity studies were conducted using a 
-L~--L-J --,ter mixture containing 0.3% cholesterol, 3.0% brassicasterol, 

I,vwever, in a two-generation reproduction study in rats; phytosterol est . . _. 
the same composition as in the 13-week.,,*study had no effect 0: 
,,...,,A..,c:,.., ,,F+L. En -,,,4 p1 -oenar&naA nor on’& develo~l 

,“;.g ., *.. : 

ers of 
a the 

ment of the Fl- _,, ^I .._ A 
’ mlings nor on 

L: --*“of 8 fqo was shofi 
$&-*,j.& ._ ,i”_l --:“*‘;*; ..r , ; 
yas equtvalent to a 
, the study (29). 

and F2-pups, nor on the sexual rna&ation of the F~-cG i_. __: .,_. *.-“.‘- . *.‘.5.r;_x, 
,.: ~ne&h-i,lls~~vrlew A &tan! nhvtosterol ester concentra 

le r+s 

jsterol, 28.8% campesterol,’ 



,,,_ “Y”.’ ,” v-s= --...-. , r--a 

* camnesterol, 2411% stigmasterol) in doses of 5, 50 and 500 mgkg. 
3’ days did not reveal any oestrogenic response using Uterine wel@tS as me 
end point. In addition, phytosterols of the same composition did not.displ: 
cestrogenic activity in a recombinant yeast’assay for oestrogenic pc r---r’-’ -’ 

did they show binding in a rat uterine cytosol oestrogen receptor bmdll 
&a’y (31). These studies, together with the two-generation reproduction 
“‘ studv. provide sufticient reassurance of absence of endocrine effects via t’-- 

ne 
‘“, 

g . 
,,; _, 

,\ ... rn R 3-week study with 12 -men and 12 women who consumed 5.8 
US 
:ek 
md 

* 

te) - - 
phytosterols (in 40-g margarine) per day no changes in the sex hormone lev 
in females was shown (18). Two double-blind placebo-controlled lb-we 

._: tests did not provide evidence for any adverse effects on haematological z 
clinical parameters (21,32). These trials and the one-year follow-up stt 
using phytosterol esters (8% w/w expressed as phytosterols) in th ^ 

were carried out primarily with the view to assessing the cholesterol lower] 
‘_ &fed nf nh&&erol esters. These tests have not reported any ( . em- 

lay 
e tat spreads __ . 

toxic eimm 

Itic 
_-. 

,‘: 
‘“.u.*..D -- ---_ r , 

phytosterol preparations are used for the medical treatment of benign prosts 
hyperplasia. A number of placebo-controlled, double-blind clinical trials was 
conducted with preparations of uncertain compositions said to be mainly n 
sitosterol. With doses of 20 mg p -sitosterol three times per day (33) and IJV 

8-sitosterol daily (34), significant improvements in symptoms and urn--. 
I, g:w parameters were reported (35). The mechanism of this effect and tne 

active ingredient remains to be determined. Side ,effe-cts, ha 
1 1.--L 

’ reported. - “,j”.“. 

.ve not ueen 
I.,.. .^, 

wittee considers that the dossier and the add+ona ;;. ‘;huiing-.. .efisg and 2000 is complete and folio\ 
&d&&s: The novel food, phytosterol esters in yellow fat Spreads. s .~“a,.^.*,,p .,,_,; _ __ 

iassified as Classl, Subclassl, a pure chemical substance or 
,btined -f;or;;: ~&c%i~ ‘ihiiady in use for food in the EURO 

The new yellow fat spread di-jkq fro.?? conventional fat spreads@afgcne by its 
-, 

;, y.’ ~~,.‘A~.~re-.“. * .-+. ,. __, . 
.ih&$&ol origin (obtained from edible vegetable olfs), thetr che.m@ai .sFfrt”pre - ____-- 

‘c&n unsaturated ,fatty aci&,of, sunflower oil) and concentratron 
,‘gL 24-fold higher than the conventional product). Th& con’--““-- *.“” 

:_: __ 

._ ,.. _. / *,. .*I :,,jl,, ._/,_ . Ix_ .a _’ V”i .” ” v - >y ( , \ . ,-~,; J _ . ,, ,, . 
,n extensive ‘tcxicological testing of phytosterol preparatrons m a 13-week 

feeding study with ‘rats, in a two-generation,feeding study with rats, in studies on 



-L-r------- 
TL., “nfPk, in use of phytosterols has been demonstrateo,,~o 

,,,,.-..--rtly B-sitosterol, campesterol and stigmasterol and/or ,.the,er,,,esters ~11 
A.i.--,:A, to which the specification of the new product should be restgcted..‘Tt -2 
.LJb Vy.I IV- profile of 30-65 % B-sitosteroi, lo-40 % campesterol, 6-30 % 

.----A -,,, . . . a total of 5% other phytosterols, based on total sterol content 
acceptable by the Committee. 

TL p--+ttee considers that the very small number of people wltn 1 ^ he .m;nt rr+tabolism (phytosterolaemia) should be made -aware. or t 
levels of phytosterols in this product and that patrents on IVYI..-.. -- ---r 

L-I-A,,,~ I,.,~,&~~ mPdirn+inn &o&i only consume the product under medic ma 

,r.an+;r\n ,-,f qnO ,,er dav for one vear of products containing 8 % free phytosterf 
- bypUVL “I ‘“b y-x. --, --- ~ 

reduced plasma B-carotene concentrations by 20%. Although the B-carotene 
concentration &as stifl ‘within the. normar- r&$e ‘and wrthm normal _ seasonal 
variations, such a reduction in plasma B-carotene ,levels might beco~me more 
relevant for persons whose vitamin A status is not opttmal: *The Comnuttee 1s 
therefore of the opinion that this B-carotene lowering effect should. be 1 
communicated to the consumer, together with appropriate dietary adv ice regarding 
, 

the remlar consumption of fruits and vegetables. 

- 
Given the overall evaluation of the submit& .info-matjcn the: .Conn$tee 
concludes that the use of phytosterol esters ,in yellow fat spreads at a maxrmum 

:esponding’to 8% free phytosterols is safe for human Use:, ‘, 
, ..-3,‘. .,.._ I 

2 . . . . . j,il” LI :, ‘( .,’ -..z.: , ;;&z~,:.,,~~-,:~ ,_j. ~ ., . .; ,. ..-’ ‘).X 
n&tee is ‘of the opinion that the appltcant should perform, m accordance 
;s’a$“?i”$‘the Anm$‘of Commission JZecommendation 971 

__ .;. 

t&iilkx ’ studv to’ obtain data’ on con~umptior . . . 
$18/EGjl), a 
I and further 

&ers be ?$ft%b :$ii plasma .B- 
c infnmatibn when it 
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21 CFR Part 101 

Food Labeling: Health Claims; Plant Sterol/Stanol Esters and Coronary 
Heart Disease; Interim Final Rule 
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DEPARTMENT OF HEALTH AND I&%7@-SERVICES 
I. ,.. ._ 

Food and Drug Adminis-tration " 
< 

21 CFR Part 101 -., 

[Docket Nos. OOP-1275 and OOP-12761 
", . .) : :: : -. _. 

, . ..'.. “ . _, I'"*. :.. I., ', 'i : : 
_-I -,_ 

Food Labeling: Health Claims; Plant Sterol/Stanol Esters and 
Co‘ronary 'Heart‘ Disease *:, I -, ,., ,, _, 

_ ,... ') ,/,. .a,* .." _ .,..,.. _. ', * 

AGENCY: Food and Drug Administration, 
: ," i, I\ ‘. :.- ,.‘"‘.. ._ T A.'\ .r;,. !~' 

HHS.‘ . ..' 
I 

ACTION: Interim final rule. 
.; -,.. .j , ,.,, % .".',," ,. ip^ _; ,." ;* s,., ~~'I .I 

----------------------I------- - ----------^--------_-- 
.' v;:: ,i,,~ ~. ,,, _. ;" ,< .I.. .~ , _. I, "" ., ._ 

SUMMARY: The Food and Drug Administration (FDA) is authoriiing the"&%-- I..- . I, 
on food lab‘els and‘& food izibSl3.'n'~, of health 'cSaimson*th.e-“ "_' -'. . 
association between plant sterol/stanol esters and reduced risk of 
coronary heart disease (CHD). FDA is taking this action in rdsponse to 
a petition filed by Lipton (plant sterol esters petitioner) 'and a 
petition filed by McNeil Consumer Healthcare (plant stanol%jters ~ 
petitioner). Based on the totality of publicly available-evidence, the ., ." 

_ __ .._ 

http://www.cfsan.fda.gov/-lrd/fr000908.html 
. _ 

8.1 i:2001 
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MODERATE INTAKE OF MYril& ACID HAS BENEFICIAL 
EFFECTS ON LtPIDlC PARAMETERS: RESULTS- OF A MONK 
COLLECTlVtTY STUDY 
H. E. Pouchant, A. Cazanave, M. Bemord. V. Rigaueau. 
H. Gin. F. Mendy, ht. cierc. J, Paccalln. L8borrrofr0 de 
Th6m$efluQue, unlvemlf~ t4&orsgohJft, Bofdeltux, France ._ ..rl.. 1 ; .‘, *,..:i. “‘ .. r.*: ‘..I .“‘y .fi ;‘_,,__ &~,~,;::~‘Y L,.;- ,.2’.- “h,: 3,: :?.‘-.:‘. _‘: : 

htyitittc itcld (MA)‘li’o&~i’& m&t athrqenlo fatty‘aclds 
’ ‘hen consumed In large amwnt$,‘DtPttle Is Norm et moderate 
Inlake; this Is the putpaa6 of our akxty. 
-‘I Twenty five maha mcnkeWthcut dystipidemla (mean age: 61 i, 
welghl: 72 kg. and BMI: 25) were prcvlded hvo lsccalorlc (2200 
ktal) dleti for 5 wk each. INet 1 was 30% fat (8 % SFA, 0.6 % MA, 

‘/ 12 % oleata, 6 K llnoleate and 1 K llnolenete). 35 % 
Cerbohydrata, 200 mg cholesteml. The diet 2 was 34 % fat (11 % 
SFA. 1.2 K MA), 51 % ~beh~drate end no change In oleate, 
UnMale, Unolenate and cholfslerd (C). Basetlne diet (35 K fai 13 
% SF& 1.4 ): MA, 52 % carbohydrate) was provtded befcra each 
diet fv,lwk. Samples obtalned ei the end of each pedod were 
a=ewed for Plasma Wds and faltri eclds of phosphollplds and 

‘. -*fyi esters. 
f.%lS 1 and 2 caused a decrease In totel’c, LDL-C and 

t@iycerldes cto) (PcO.061); Hot& was not modiflecl. apoA-UapoB 
WtO was Increased WO.OOf). Plasma TO was lower after diet 2 
than after dt9t.l whereas HDL-C was hlgher (PeO.05). 
CcmPamtlvalY with baseline and dlet 1, dlef 2 was asacclated wlth 
an inCreaM! Of MA IP~O.011. oleate, Ilnoleate. EPA and DHA In 
Phosphollplda, and wlth an Increase of ttnotenate in chctest+ 
ester8 (P4.05). MA Intake In dletXwem pcsltitily cortehtedwfth 
N=me btel’G. UIL-C, TO and apt 8. and wlth phqhcllpfd MA. 

These data suggest that i‘illet 34 % fal wlth It 9b SFA and 
1.2 K mvrlsttc edd has beneffclal effecta on plasma llpld and fatty 
add pio!lk& 

INHU~KION OF LOW4ENSTY UPOPROmN OXIDATION 
IN RATB FM WLYUNSATIJRA=~ FAITY ACID 
~~~M~SSSUPP~EN=DW~HREDW~NE 

de NuMtbn et Securtte Alimentalre, INRA, 78352 
Jolwn~cedex.Flance. ‘_ <,’ ;, 

Is study, we examined th 
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Study report (Korpela et al. 2001): 
Plant sterols reduce serum lipids 
incorporated in low fat dairy produ& 
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I%ANT STEROLS REDUCE ShRUM LIPIDS INCORPORATED IN LOW FAT 
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INTRODUCTION 
-.~ ,. 

, ,“. >; ‘:‘. : 
z ; , 

‘; ., “1. ;;I Z\. .i. _ : f-:,t.. >,/.I -‘/> L‘ ,;;;: :, ,,1- .~?, ,. ?~,’ -,> “;<f< ~:.;;a ,‘.) ,. .-:-s.-. ,, b-<,; 
:” _, ., -, -: ; ; j ,W.,Y ” ,‘* .>.,..r .? ~...:-,. .I jiI’y,“*.~,_ 

; _, .: . ;-- :.: < l,,. : ,_ I, ,i i ,‘I I. _ I ii ,‘,‘: ;.,,-?.< ~‘w>)‘,.“r:$. ,,,l. i ..s”?&:;:-;$ .,; a ;.2..e 
,__. d:,‘. ‘, ;, /__ ,_ ?. ,, :i .‘ ~;~ <:’ .“( : _; --.. ,, ..JILB<::: (2;:. ,. c .jl 

_/ ., .: ’ :, _~. _‘,.~’ ,,<,,” ,.,, a“,“.!’ ,.Y. ,:; ;-..&.” *,g,?,, .’ I ‘. ,. ,. 
It is Previously shown that plant sterol can reduce serum cholesterol by in&biting 

3’ .i ,,:- _ ,..,’ ., .’ ., . .’ _ . c,e,“,,. ., ‘;<;‘y.,,” I-; : :. .-,c . . -j,:n. ,-.-~-~,‘.‘:i~ ._ ‘, (,.’ :. 
cholesterol absorption from small intestine (Heinemaun et al. 1991). plant sterols 

I ., :*2 .,‘,. i...-, 1 + -’ -“,,:. ,, :; i 
have been studied since 1950s (Pollak 1953, Leeset al: 1977) ~d~the&‘saturatcd,, 

>-,i ‘,) 
“- . .’ %A’$ ‘:;..;*.;:. ‘-~‘:,(.‘,;-..‘,~.,.bri, ,i,_” ,.,. _ 

derivatives stanols and theirs esters in margarines or mayormakes (h&&en et al. 
’ ‘~ : 1 !~^ ,,,,.“,.i ,2”..2. ,I : :. I,.: 

1993, dYll&et 4. 19%). Plant sterols and$uols are almost unabsqt&]e (sitosterol 

and stkn=terol under 5% and campesterol under IO%) (Heinemann et al. 1993) 

.j 

.*, 
The Purpose of the study was investigate that could plant sterol mixed in dairy 

Products (Yoghurt, low-fat cheese and low-fat fresh cheese) reduce serum total and 

,. .! LDL cholesterol concentrations. 

:.*<; 

. . .,_ ,., 
v. i , SUBJECTS AND hEI’HODS 
‘A . ‘x..‘.~ (‘:.y /. . ..“.. I‘ ,, “; ” 

,,,*!! .~$ , -; I ’ 
._ -. 
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were excluded. The use of any hypoglycemic agent, corticosteroids, oral 
‘_ 

anticoagulants, hormone or immunosuppressant treatment were also exclusion 
. . 

criteria. Post-menopausal women on stable non-intermittent hormone replacement 

therapy could enter this trial. 170 fulfilled the inclusion criteria &d were randomly 

assigned either into plant sterol containing yoghurt/low-fat cheese/low-fat fresh ’ 

cheese diet group and control group in each center separately. Of this subjects 164 (82 

in the active group and 82 in the placebo group) completed the study. 5 of the 
_ 

randomized subjects voluntarily withdrew from the study and one died of 

cardiovascular disease during trial. No subjects (128 women and 36 men) had recent 

history of cholesterol lowering drug treatment. The subjects were requested to 

maintain their diet, Geight andphysical activity during the study. Baseline 

characteristics of the subjects are shown in Table 1. 

The study protocol was approved by the Ethics Committee at the Department of 

Medicine, Helsinki University Central Hospital. All subjects received both written 
_ 

.- ., 
411u U&PI nuomranon regaramg me tnat and gave a written consent. 

I. , 
., 

Study design 

The triai .&s carriedoutusing a double-blind design. The screening (run-in) period 

before the random allocat& A? the‘; ~-- ..--- -- _---- -- I-_ J tudy subjects into one. of the two study groups 
“‘.). ‘^‘- ., i . 1 

lasted for three weeks (Figure 1). During the last week of -run-m permd,the subjects .’ ” 
-. . .‘;* _-. : #> \” , ., .,, :;a.: :,.: +,+,., :‘::,, ..,. ._ ., ., >.. ,. .” / .;. , received the placebo food items. During treatment period the subjects received either’ 

,i 

_. __ ;., r;r r :. _. . 1 :,,., ‘. ..:,; “, ;, ., ,, ~ c;:, .,~,’ .$i;l*4pr’~c ‘_ _, .-” .‘:.....“-:,r I .; .;*.;.A;,, j, I ._ ” 
steroi cont&ing study food items or placebo food items. Otherwise subjects had no ._ ” ,‘,II<1. ‘..A, 
restrictions with their diet. -‘I 

: ” 
,,’ .,. , : 
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Phytosterols in serum were determined ‘by using an application of the method 

Plant sterols 

published by Phillips et ‘al. ‘( 1999j. Serum samples were thawed ove&&ht at 4 ‘C. 

The interna! standard (epicholesterol) was added to a 0.9 mL sample at the beginning 

of the assay procedure. Sample was dissolved in 7 mL of.ethano! containing 3% of 

pyrogallol and saponified with aqueous potassium hydroxide at 85 “C for 30 min. To 

extract unsaponifiable lipids, 20 mL of cyclohexane and 12 mL of deionized water 

were added to the sample tube. After vigorous shaking samples were centrifirged and 

the cyclohexane layer was transferred to a round-bottom flask. Cyclohexane was 

evaporated at 50 OC in arotary evaporator. The residue was redis.solved with 0.5 mL 

of hexane. 

For the sample cleanup purposes, the sample solution was introduced to an silica solid 

phase extraction c,artridge (Varian Bond Elut, 500 mg) that has been activated with 

hexane. The cartridge was washed with hexane and with hexane:diethyl ether (90~10, XI .\, ,_II..jill_j”., /, .I ,’ ._ __, 
v/v). The sterols were ehnedwiwith hexane:d$hyl ether (50:50, v/v). 

,^ , 
” 

. . ,^_ 1 ,. 1 L. ‘. ,. 
..,. t -,_ 2”: . . . _. 1 ,. _ ., .- : 

’ ’ After solvent evaporation, sterols were redissolved, w.ith anhidrous pyr$ine.and )’ _ 1 :.. . .,.’ 

derivatized with BSTFA contaming 1% of TMCS. For the quantitative analysis of _,,, /..j . . 



phytosterols, capillary gas chromatography (5% diphenyl-95%~ dimethy@IysiIoxane phytosterols, capillary gas chromatography (5% diphenyl-95%~ dimethy@IysiIoxane 
‘,.j. ‘,.j. . . . . _, _, 

column) wiih & inte~~l stamhuci method was used. column) wiih & inte~~l stamhuci method was used. 
._I“ ~.~>%.~~>..~*~.+ ._I“ ~.~>%.~~>..~*~.+ ,r,‘:,~~:,.-,:s:‘,z-, ‘+ .* . ...‘.. ‘“. ,r,‘:,~~:,.-,:s:‘,z-, ‘+ .* . ...‘.. ‘“. ,_,.( j .,,’ ,_,.( j .,,’ ‘. ‘. 

.q .q . ,‘, . ,‘, .^ .^ 1 1 /,. : /,. : _I , ,, r ,“., + -~~.,.~~~,~~.~:~~r~~:. ,. _I , ,, r ,“., + -~~.,.~~~,~~.~:~~r~~:. ,. (, ,**;’ 7~~~‘.~~:~‘~. I .:- : (, ,**;’ 7~~~‘.~~:~‘~. I .:- : , , 
‘,. ; .” ‘_ ‘,. ; .” ‘_ 

‘_ ‘_ ,. ._. ,. ._. , “’ .~. .I ..y:. . .i i , “’ .~. .I ..y:. . .i i 
: , : , 

: ,. :, .’ : ,. :, .’ _ _ 
, , .- .- >j-. >j-. ; :. 1 .. : 1 .‘ ; :. 1 .. : 1 .‘ . . 

The method application used was validated using phytosterol recovery tests. me The method application used was validated using phytosterol recovery tests. me 
: I”“” : I”“” 

average recovery obtained for the spiked sitostanol was 91.7% (n=6), The limit of average recovery obtained for the spiked sitostanol was 91.7% (n=6), The limit of 

quantitation was 0.1 mgIL for all the sterols quantitated. quantitation was 0.1 mgIL for all the sterols quantitated. 

For the daily quality control, an in-house strum reference sample was analyzed in 

each sample assay. Plant sterol contents of in-house serum reference sample were 

stable during the study. Plant sterol and lathosterol contents (n=55) were as follows: 

5.6 + 0.6 mg/L, 2.1 I&- 0.2 mg/L, 0.2 f 0.1 mg&, 0.5 + 0.04 and 2.3 f 0.2 mg5 for 

campesterol, sitosterol, stigmasterol, A5-avenasterol and lathosterol, respectively. 

Fat soluble vitamins 

The plasma 25(OH)D concentration was meawred by a radioimmunoassay (&star 

Corporation, Stillwater, Minnesota, USA). The intra- and inter-assay coefficients of 
-_, 

variation were 10.1% and 14.90/o, respectively. The reference range for 25(OH)D was 

25- 120 nmoy1. 

Fat-soluble vitamins (cc- and y-tocopherol, p-carotene, all- trans- retinol and 

phylloquinone) of human plasma were determined by using HPLC.applications of the 
..” 

” “’ 
.methods pnblished by Chu&g et al. ( 1994) and by Koivu-Tikkanen et al. (2000). A 

,. 
_c 1 ./ .’ .’ 

portion of eth~oi(4 ml) and internal standards (a-tocopherol acetate,,@ ethanol and 
,,,. 

K t(25) in hexane) were added to the plasma sample (1 ml). Vitaminswere extracted 

with n-hexane. Hexane layer was evaporated with nitrogen. The dried extract was 

dissolved in a 5 ml portion of n-hexane and the extract was divided into two portions: 



..,. * .,,.._.I .,“-. ., ..~ _.. .^ ” ._. . . . ..!,.. .,.. . - __ -._ _.., . -- 
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I ml fnr Aetmminatinn of a- and -toconherol. h-carotene and all- trans- retinol and 4 

rU1 Ulci &ermination of a-and y-tocopherol, p-carotene and al_ .= ~..._ _ / ,,.. ‘_, _’ 

kouot of lml was evaporated with nitrogen and dissolved in HPLC eluent \ 

trile:methanol:dichlorometane, 7:2: 1) and analyscd with Cts column. An 

internal standard method with fluorescence detection was used for quantification of a- I 

and y-tocopherol. In the case of p-carotene and all- truns- rctinol, W detection and 

an external standard method was used for quantification. For phylloquinone 

determination an aliquot of 4 ml was purified with silica solid phase cartridges 

(Waters Silica, 1 g) and analysed with RP-HPLC (Koivu-Tikkanen et al. 2000). 

Detection limits defined as a signal two times the height of the noise level were 10 

ng/ml for p-carotene, 0.6 &ml for all- truns- retinol, 60 ngknl for a- tocopherol, 30 
__ _‘. ., .I j .(, ._ . . , 
ng/ml for y-tocopherol and’20 pg/ml for phylloquinone. Dekrrmnation limits (two 

times the detection limit) were 20 ng/ml for p-carotene, I .2 ng/ml for all- trans- 

ret&l, 120 &ml for a- tocobherol, 60 ng/ml for y-tocopherol and 40 pg/ml for 
., . /F , 
phylloquinone. 

._ 

For quality control of the meth$ a~certiied reference material (NIST SRM 986 c) ( i* “;).“(~~.;.~,lr’~..*,~.~~~~~~,*,~~~,,‘~~~~~ ,! ,‘,~. ;i , (_ -*i :1, .^*+ _<..F ^_ 
,, ‘,: , ,.. T 

was analysed. The results of all- [rans-.rctinol, p-carotene, cc- and y-tocopherol^ ‘, *._ _:. ,,jsz . . ..^..-. ‘, .;‘,.‘. ,.: _. ., .~( *:*q. j ., ; 
analyses were in the certified ranges. For daily ‘quality control an m-hot& reference ._ ,,. 4,. . _, c : .I, ,_. , ,:. .:_’ - - ; “f,:: -- __ ;- ., 
plasma was &mlysed in every‘ second sample assay. The day-to~dayre$kabilities 

(CV %, n=38) for all- fruns- retinol, b-carotene, a- tocopherol , y-tocopherol and 
I -. . 
phylloquinone were 7.9 %, 9.6 %, 2.4 %, 4.8 % and 9.6 %, respectively. 

C:iDOCUME-1Uteijo\LOALS-1\Temp\ARTI~LI~OlOl3O.~ 



Koivu-Tikkanen, T. J.. OIIilninPn v 9, IX:--- _ . . - - - - - , ---------As, v . a rImmen, V.I. 2000. Determination of 

pblloquinone and menquinones in animal products with fluorescence detectjon after 
. 

postcohrmn reduction with metallic zinc. J. Agric. Food Chem. 48: 6325-633 1. 

K&r-Tikkanen, T. J., Saio-V%n&ten, P. P., Olliiainen, V. & Piironen, V. I. 2001. 

Simultaneous extraction and purification procedure of plasma samples for J-JPLC 

determination of vitamins Kt, E and A. (submitted) 

Apofipoproteins (ApoA 1, ApoB, Lp(a), AnoE) 

and hpoprotein cholesterol and triacy]oJvcerniw Wptp A~~-.:--> x-~ 
-------‘-“- “J 

q- 1, __ .-z-- .., -- 
Apohpoprotein B and Apolipoprotein A 1 were determined by immunocbemkal 

y. -’ -- ,/ ‘,.; ,--: .>., ,. ,- 
<& .:*f Li“ : method (Orton Diagnostica, Finland).. 
.!-! 

._ 
_i. ,_. - I, .3. : ^. I _ : +,, .~ i.(“. , -I 

The main lipoprotein fractikrs very low density lipoproteins (VLDL), low 
_^“. 8 _.‘ .’ ” 

density lipoproteins (LDL) and high density lipoproteins (HDL;! and HDL~) 

I WTF isolated by sequential ultracentrifirgation (1). 
/_ 

The HDL fraction was obtained by the Mg+/dextran sulphate precipitation 
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Method.(2). LDL cholesterol levels were calculated by the Friedewald formula 

Lipoprotein (a) were determined by im 

Apo E phenotyping was performed in serum by isoelectric focusing (5). 

l.HFvel,R.J., Eder,H.A., & Bragdon, J.H. (19js)‘J.Clin.Invest. 34,‘1345. -’ 
: .- 

2.Finley $k S&&an RB, Williams RJ, LichG DA. Cho&erolin high density 

lipoprotein:-Use of Mg@dextrau sulphate in its ekymatic measuremek. Clin 

Chem 24:931-933,197s 
., > 

’ 3. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration ;’ ., 
of low density lipoprotein cholesterol in plasma, without use of the - -- 

A .,_ _.,. ,/.. i .‘),. \ ., 
,_ ,... 

preparative ukacentrifuge. Clin Chem 18: 499-502, i972. ..’ ‘. “’ 
I. 

of low density lipoprotein cholesterol in plasma, without use of the 
A .,_ _.,. ,/.. i .‘),. \ ., j. ,_ ,... 

preparative ukacentrifuge. Clin Chem 18: 499-502, i972. ..’ ‘. “’ 
I. 

4. Rifici et $: Mktabplism, 41 (1992) 4. Rifici et $: Mktabplism, 41 (1992) 
‘- ‘- 

. . . . ~\ ‘., ^” ~\ ‘., ^” ,.... ,.... ~. ~. 

5. Have&s LM, de Knijff P, Beisiegel U, Havinga J, Smith M, and KIakei E‘. 5. Have&s LM, de Knijff P, Beisiegel U, Havinga J, Smith M, and KIakei E‘. ’ ’ ..- . ..- . 

j. 

1987: A rapid micromethod for apolipoprotein E phenotyping directly in 1987: A rapid micromethod for apolipoprotein E phenotyping directly in 

experime& VLDL (very low density lipoprotein) was separatec 
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.., -. 

VLDL fraction by slicing of the centrifirge tubes, LDL was 
i_, .,) ..” Z‘..i separated , using the same 

I : __ rotor (1% 000 g, 18 h, + 1 Y’C), and isolated by slicing. 
” ,. ~ ‘. 

I : 

EDTA WAS removed by gel-filtration of LDL on Sephadex G-25 in phosphate 

buffered saline solution (PBS), and thereafter the LDL sample was divided into three 

equal aliquots (a, b and c) for the oxiadtion experiments: 60mM EDTA was added to 

a fmal concentration of 1.2 mM to one aliquot part (Part a, the native LDL). Copper 

mediated oxidation (Esterbauer et al, 1989) was begun in aliquots b and c. In sort 
gel , - 

I”i_ filtered LDL (100 pg protein/ml) in PBS (pH 7.4) was supplemented tith cuS04 to a 

final concentration of 10 PM. In part b (the totally oxidized LDL), the diene 

absorption at 234 nm was recorded at +2O.S”c with a Shimah w-1202 

spectrophotometer G3kmadz-u Carp, Kyoto, Japan) equipped with a Shimah cell 

temperatures CPS controller Wrirnadzu Corp, Tokyo, Japan). When diene formation 

reached its maximum the oxidation of this aliquot was stopped by adding EDTA as 

above- For Part c (the Partially oxidized LDL), the same procedure WAS &ed out but 

oxidation was stoPPed at 2.5 h by adding 60mM EDTA. Oxidation experiments were 

cm-ied out h&e at 48 h hbwls, and mean values were used for calculations. The 

Protein content of QX was analysed by the method O~LO~ et al. (195 1). 

ENTA’ TBARS 

” : 
Other ohervations and measurements ,.. 

Body weight (in 0.1 kilograms) in light indoor clothing without shoes and resting viw 

s&W were recorded at every visit. Heart rate (60 set) and blood pressure (2 mm Hg .,. 

precision) were recorded twice in the seated position with mercury 

sphygmomanometer, using the standardised methods. Height (O.Scm precision) was 
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i:,gL __ 

measured at the be&ning of the studv. Waist and hip circumferences were rneaalm=A 

study the subiects were k%viewed on their h 
,- I :;: :,“.“- 

medication. Physical activitv and changes in their medication and health were r 

-_ 
everyvisit. The subjects were tohI i& report &e‘p&sii&‘&e~ f&%- -_ 

I / ‘: ./‘,. 
anonymous questionnary in the end of the study. 

Statistical analyses 

Normality of variables’ distribution was confirmed using the Shap&WiLks’teX” 
. . 

Differences in changes of serum lipids before (randomisation visit)‘and after the trial 

periods were tested with t-tests between the sterol group and control group (Student’s 

that there were no statistical significant differences ‘between product groups (yoghti, 

cheese and fresh cheese), therefore it was possible to pool the data from differ-e nt 

product groups. P-values were established for the diffcrencesl&veen the Y ’ ,.. 
randomization groups. The p-value -Z 0.05 for the differences be&een the 

randomization groups was considered statistically significant. ?-test was used to test 

t-test) or with Wilcoxon test for non-normal variables. Test for homogeneity ‘showed 

: 

differences between randomization groups for categorized variables (e.g. smoking 

habits, adverse elects). The results are expressed-in tables as means f SD and h 

figures means *‘SE. Statistical analyses were performed according to the intention to ._, _( ,. L ,‘l _,,.i... .-, ._, .X’ . . 
_ treat. Statistical a&yses were performed withSAS (Statist&~ Analy& ‘gystem) ‘. ’ )_ -. . . 1,’ , I .- 

version 6., * software gs rnstitute Inc,, cary, N%; u$A).. ,. .r , - ‘1 -1: ..’ z:: -” :-- .. .;: : ‘. 

i - 

RESULTS 

CDOCUME-IkeiioUDCALS-l\Temo\ARTIKKELI 010130.DOC 



I ng In si -I terol and control groups respectively). Smoking habits 
” - 

A:d..^L-L-.--- l . . . -_ _ U1~ IIOL cnange aurmg trtti. Physical activity did not change statistically significant 

twGcn groups In me change of systolic blood pressure during trial (4~5 
-_ 

between groups during the trial. - . There were no differences in adverse effects between 

groups but some had consipatio - - n or heartburn or some other separate symptoms. 

Serum lipids 

Xhe serum lipid vahres during run-in, treatment and follow-up periods are shown in 
,. 

Figure 2. Serum tow cholesterol and LDL cholesterol concentrations decreased 
,. ., 

within ah study food item groups (Table 3). Total cholesterol were reduced in sterol 
_’ ” 

diet group -4%, -8%, -7% and -7% in yoghurt, cheese and fresh cheese groups and all 

groups together respectively and LDL cholesterol -9%, - 1 1 %, -1 l%and - 10% 

respectively. In all these lipid parameters, except the total cholesterol in the yoghurt, 
._ , ‘. ,-^ .a;,. ::,.; : “- 

the differencks between sterol and control groups were statistically significant. There 
5.. . 

., _( ~:‘,;p _,., -“- ’ ‘,, 
were no significant differences in changes in HI+ cholesterol and triacylgly&ols 

._ “,,, .~~., _I 1 “,.,rn. .- 8 ,- ,: “‘..F (I3 :i- ~ I ,’ “. ” 
between sterol and control groups. 

^._. __ ~,- ;._ .A .>:..: 
, “.:‘. , _, ;“,‘:; .*. _ )_ 

.:. ‘.‘_ 
..‘..,’ _I :. : .: ‘. ‘- “’ ..’ . ._ I. ., 



I 

In oder to de&nine the predictors for serum lipid changes (tota cholesterol, LDL 
f, -, . . . ; ,, ,,.,. ‘_. . ..I.. .~ ::,; -.,.;i i ,_. chol&ter&l ‘&dlhdDL ratio); the&&k&$ &&&ion analysis was carried out. 

::,_ ,.._( ‘. _,” .( : : ‘( _ : ..,. /. : ‘,. ” --, t,; :>.Y. ,,,. ‘_ 
Analyzed variables were randomisation group, age, sex, change in weight and 

, ., ,,, .A--. 
physical ictivity, body mass index at the baseline, study product, intake of total fat, 

saturated fatty acids, monounsatqated fatty acids, polyunsaturated fatty acids +d ;/ .’ -.’ .,. 
cholesterol at the baseline, change in intake of total fat, saturated fatty a&s, 

monounsaturated fatty acids, polyunsaturated fatty acids and cholesterol. ,h backward 

regression model only three variables left (random&ion group, change in intake of 

fat and change in intake of polyunsaturated fatty acids) were significant at the 10% 

level. The randomization group was statistically significant predictor for serum total 

cholesterol, LDL cholesterol and HDLJLDL ratio (all p-vaIue<0.0001), even after 

change in the intake of total fat and polyunsaturated fatty acids were taken into 

account. 

When the subjects were divided into?wo groups (baseline CDL below 4. I mmol/L 

and above 4.1 mmol/L) by their baseime LDL cholesterol values (Table XX), the 
. -. 

changes in the-high baseline LDL cholesterol group in .“IuL “LL”L~S~~L”., LUL 

cholesterol w&greater in the sterol group (change -0.8 mmoy1) than in &e control -.,, , 
group (-0. lmq&), but also h low baseline ‘LDL group the difference in t&l and 

LDL cholesterol between two randomisation groups were statistically significant. ., ‘_ I _! /. , / :., /._. ,, ., ,~: s _.. I -,_ ,, , ” ._ ” / ‘ :*\p*:~:; .*“+,y ,:.I ;. ^_e,>..+ -., ._, ;’ .,. :. a,,:: I,-” ,.:::,::J ‘.A: :- 
I ‘. ,,I ,. _,. _., ‘:: ‘;;‘,. 

.‘_ . .. .; “, L T‘ ‘.:‘19 ‘ 
Diet 

,. ., ,.- . 
. , : 2 i r_i ,_ I’ -> 1’. 

.._ . ~. _,, .* ,,._ ti .;: i * _ ._ . _,, .;,.~ ,‘,” .- ; 
.: ) ! ._ ,: 
>. ,. I ,, .2 .: ..:L:.’ 

^, “, j. *,I: ‘x_,~ 
. ._ . “‘) :p.- ,* i 

,,.(. .“< . i~,f,~~...~t:~~-~~.,. “..“.%..:;,; ..‘ ,.i 
.’ _. *’ x.,. .::- ‘;.“.‘i..l:, ‘, , 
I .‘. __i I” -j,;. .~..‘.~..,&.. : ..:l.:T,s:-.. ,.( ‘,- : ” ’ I. . 

There were no statistically significant baseline (home diet) differences in nutrient 

intake between groups (data not shown). 
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, 

There- were few’statist&aj significant difl ., 
brences in changes in changes of nutrient 

.‘, -’ , 
: 

# ,._ ‘,‘., 
intake between run-in and treatment periods between randomkttion groups (Table 4). ) : ). ., 
Energy in&&if alcohol Gas. increasec ” : _, I x _ _ 

,. _: ,(_. ,, 
1 more in sterol group than in control group (p- 

._ -. 
value 0.0046), intakes of retinol was dl ecreased less in sterol group than in control - - 

group (p-value 0.0 124) and vitamin K decreased more in sterol group than in control 

group (p-value 0.0229). Between home diet and run-in periods only significant 

difference was seen in change intake of fiber per energy between randomisation 

groups (p-value (O-0180), in sterol group intake decreased less than in control group 

(x and y, respectively). 

Serum plant sterols and lathoster$ 

Serum total amount of plant sterols more in sterol group from 11.5*4.4 mg/l to 

12.3i4.2 mg/l, 10% and where as in control group decreased from 10.6zt4.7 mg/l to 

10.3i4.6 mg/l, -2% (Table 5). Also sitosterol concentrations changed significantly 

more in sterol diet group than in control group (62%, -2%, respectively). Aver&e&l 

concentrations decreased in both groups, but statistically significantly more in steroi 

diet group (-15%). Also campesterol and stigmasterol concentrations decreaced in ., 

both groups, but there were not significantly differences between groups. Also no 

differences in charmes in lathosterol, metabolite of cholesterol synthesis, between 

groups. 
‘I ? 

_^ 

Plasma fat s~&~~l~ vitamins - .,. 
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: 1 .’ s. . ‘- ; 
There were. no significant differences between groups in plasma gamma-tocopherol 

., ,. ._ i, “.O “,-” .‘..’ 1 ,’ .,, 
retmol, vitamin Kl, vitamin D concentrations during trial (Table 6). Plasma ah&+ 

..-. ,’ tocopherol decreased more in sterol diet group than in control group. A~SO beta- 
(., 

carotene was decreased in sterol diet group and was increased in control group. 

.1 “.. ,,_ :- ,( I -I 
However, there were no significant changes between groups.when alpha-tocopherol 

./ 
and beta-carotene, were related to serum total cholesterol. The ratios of plasma retinol . . -. 

to total cholesterol and D-vitqrnin to, total cholesterol concentrations increased 

significant more in sterol diet group than in control group. 

Apolipoproteins 

The distribution among study subjects of apoE polymorphism is presented in Table 7. 

There were no differences in the lipid changes (total cholesterol, LDL-colesterol and 

HDLILDL ratio) between randomisation groups when the subjects were divided into 

ApoE 33+34 and ApoE 43+44 groups (Table 8). But in both ApoE groups the total 

and LDL cholesterol values decreased statistically significant more in the sterol group 

than in cc+01 group. Also no differences in the serum plant sterols changes were I‘ I_, _ < .,. 
seen in two groups when the subjects were divided these two ApoE groups (data not’ 

‘, - 

Apolipoproteins are shown in table 9. 

LDL oxidation 
.” .I-. 

.” . ..) _ ._,. ,i., 
No statistica@ &$i~cant differences were seen in the rate of LDL oxidation, 

., 

.,.,, _, : ‘. , 
I ‘” 

4 _, ” maGnaL o$d,ation, lagpahse or diene formation, and tbars between the steroi and 
‘. _, I.’ .‘ :: 1 .,,, >L~ rc.‘.:. . . I. ... 

Control group (Table 10). 

C:iDOCUME-IkeijoiLOCALS-l\Temp\ARTIKKELI~O IO I3O.DOC 
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DISCUSS?(I~ :- -,’ ., .‘. .) ‘.: ” :.>,z-..,, I ,.., ., ,; “- : ,* .’ .; . ” /‘ ,. ). ‘.’ ,.Q I _ ..- .-,,( :; y” “. 1“’ .( .: . . .._ , ./ 1). .~ ., ,._, .’ . ..I< % _.,. s../, rr,:i. >.. ” _^ : ,:i-. ,- ‘.,, 
.-, “” ,. ,’ 

Plant sterolS 
;. I. . 

The added $&t &r&i powder contaixis mainly beta-sitosterol, it is probable t&i -1 ___,__ ,..x I 1. ., 

serum concentrations would some degree. increase. S&urn phnt sterol levels are 

however in,nornx$ranges. Plant stanol conwntr$ion were so low, that it was not ._ 

meaningful to determine serqn plant stanols levels. 

Acknowledgements 

This study was partly supported by TEKES. We are grateful for the assistanqe of RN 

Pirjo H&kGnen, RN Eija Lahdensuo, RN Pirjo Hilli, RN Arja Putila , RN Satu Myller, 



‘. H(lgstrUm 
19 

-y.w~‘,ca, 

., bighi (kg) 
men 
wbtien 

ROY mass index (kg/m2) 
. . . list/hip ratio 
m&n 
women 

Serum lipids (mmol/l) 
Mal cholesterol 
DL cholesterol 
DL cholesterol 

- -DmDL cholesterol 
-50 

65117 

83.4211.5 
70.2SO.6 
27.15~3.9 

0.96fo.05 
0.83M.05 

6.4k0.7 
4.lfo.6 
1.7M.4 
0.4s 1 

iacylglyserols 4 
--uJd Pressure (mm Hg) 

Systolic 
TX~at~lL 

1.3kO.6 

132f14 

83.9ir12.5 
69.3fi0.7 
26.8k4.2 

0.9320.06 
0.84H.05 

6.4aO.6 
4.OztO.7 
1.7kO.4 
0.4kO.2 

1.4f0.6 

‘~4 “u, llplas and blood pressure measurements are from visit 3 
omlsatlon) 
: is no statist&A significant differences between groups 
2 



rble 2. Composition of plant sterol-containing yoghurt, low-fat plant tieroof- 

iitaining’ cheese and fresh cheese and control (standard) food items. Values are per 
~: daily amount of the product. ., 

Nutrients 

,,a En’%YO 
Protein (g) 
Carbohydrates 
(g) 
Total fat (g) 
Fatty acids 

mtrol Low-fat Control 
b”IIll”, nara nard 

Yoghurt yoghurt 
fresh 

cheese 
fresh 

cheese 
(150 g) (150 gl 

cheese 
(50 g) 

cheese 

536 540 
(50 g) (50 g) (50 g) 

475 475 375 375 5.25 5.25 15.5 
19.5 19.5 1.4 

3.0 3.0 5 

15.5 3.25 3.25 
1.4 3.95 4 

5 7 7 

Saturated (g) 
Monoun- 

~turatecl k) 
Polyun- 

cited k) 
Cholesterol 
Plant sterols (g) 
Beta-sitosterol 

1.95 1.95 3 

0.6 0.6 1 

0 0 0.1 
7.8 7.8 13 
1.65 0 2 

3 4.0 . 4.0 

0.1 0.15 0.15 
13 18 18 
0 2 0 

,i .” 
(g) ’ 
Beta-sitostanol 

0.3~ ’ 

1.24 

0.16 

1.5 1.5 

0.2 0.2 Campesterol 
k) ’ 
qnlpestanol 

0.16 0.2 0.2 

0.04 0.04 

0.04 0.04 
3.0 4.5 7.5 4-5 
0 

6-7 
0.6 0.6 

ste@ (g) ’ 
Milk fat (g) 
Vegetable fat 
k) 
Calcium (mg) 
Magnesium 
bw) 
Potassium (mg) 
NaCl (g) I - 

0.75 
0.6 

. plant sterol amounts are calculated from manu ___________ _, 
powder (75% beta-sitosterol, 10% beta-sitostanol, 10% camnesterol. 29 
2% tithers) 

:. 

0.35 0.7 0.1-0.45 0.1-0.45 
facturers informattinn nfplmt tier01 

6 c~nesttannl 
I _ _.___ r------L, 

. HOITAA TAMAN TAULUKON KUNT&ON 
ii tulokset: . 

isterolilla lisWy8 tuotetta eti kontrolhtuotetta? 
nalyysit: ~ Jogurtissa sitosterolin osuus (48%) todella erilainen k& iuustninen 2'. 

-I 



1’/’ OO in serum lipids between sterol and control group in different 

-6.51k9.0 
.:0.0+8.1 ‘<~~oooo5 

-y-4$:6 
0.6f12.0 
<0.00005 
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Table XX. Serum total, LDL cho!estero!.and 1 
tot4 LDL chol~stero! and..k!$$$! ‘. .., 
changes in the intake of fat <a@ .cs” 
two groups based on the LI$ c&?l@s 

Variable Group (n=82) 

cholesterol control 38 5. 

LDL Sterol 77 3.6 
cholesterol Control 38 3 

HDLJLDL Sterol 44 0 .5 0.1 37 0.4 0.1 
Control 38 0.5 -0.0 44 0.4 0.0 , 

0.5689 
0.1053 ---- 

p-value ’ p-value ’ t-w n #l*#-tn 0 ---- 
* between randomisation groups 
2 between-different LD& cholesterql 
yksi puuttuu, koska ei 01; r&~~~&kiki&a 



(MJlday) sterol ’ 7.7zt2 .o 7-h+? 1 -nnc+i 7 

Fat(%of 
energy) sterol 3 33.8ti.6 33.7f5.8 -0.08zk4.7 ^ 

cdritrol 33.31t4.8 34.1k4.8 0.8f5.9 0.3088 
fatty acids (% 
of energy) 

-saturated sterol 3 15.61k3.3 15.91t3.7 0.453.2 
control ,_... )_ 15:2$3.4 16.1S.l 0.9k3.0 0.2908 

-monotm- 
saturated sterol 3 12.3k2.4 12.3zk2.6 0.04zt2.3 

r:w 
.‘,i .,i control 12.1f2.3 12.4zt2.0 o.w.9 0.6420 

saturated. stem1 ’ 5.2&l -7 
WUU”l 3.LIl.l 

Protein (% of- ” 
energy) sterol 3 17.8zk3.3 . . . . I ‘:cij-;itrbf’ 18,6d.3 
Carbohydrate 
(% of energy) sterol 3 46.9f6.4 

control 45.9zt5.9 
Alcohol (% of 
energy) sterol 3 1.4zk3.1 

4.Yxl.5 -v.5xL. 1 us ILV ,. 

17.31k3.4 -0.5s .5 
17.9&2:8 -&3:4 0.6465 

46.2k6.0 -0.9zt5.4 
45.3k6.6 -0.5f6.5 0.7232 

2.8k4.7 1.4ti.9 

Cholesterol 
@&VI 

control 2.2zk4.2 

sterol 3 36.9k12.1 
‘control 36.1z12.3 

2.6f4.7 

36.9fi2.9 
37.1k13.2 

0.5f4.7 0.0046 ’ 

Fiber (g/MJ) 

Vitamin A 
(RE, III3 

Retinol (pg) 

steroI 3 
control 

sterol 3 
control 

sterol 3 

2.5M.7 2.3zkO.8 
.. 

-0.2f017 
2.4kO.9 2.2qkO.7 -bmT 

‘yyc;&$$- 2 
r ,_ ,, ! ., 

947k894 793+905 -154&1223 ._, 
99831717 791,605 “’ -206k1741 ‘. 0.0624’ 

506+853 43 l&823 -73&l 173 
control 577_+1652 430+506 -147rt1661 0.0124’ 
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“LUY.I..“I-Y 

I..“\ 3 
CkYol 5357f3398 5488k3362 105&3277 

““Lu .,... Y.-l.- 

(l%l 
sterol 3 2224k1990 1743+1488 -493?w8. _ .^_ _._ 
d.tWdWJ mm+31 117 1841f1489 -362”fillg 

0.2k6.5 

. I-IYI’ y 
(TE, w) 

Vitamin K 
,..-\ 

sterol 3 
control 

otwnl 3 

9.4zk3.8 8.OE2.6 -1.4k3.4 
8.6k3.5 8.Ok2.7 -0.5k3.7 0.4912 

74+15 62-124 -17.5+31-o 

------- , __ ,“jX _ 
-. -he sterol group, one does not retqn diary record at the trea@x$ period (n=Sl) 



” _) Table 5. Serum Plant sterols and lathosterol levels during tiaf 
j” (,,i,r, ,. _j ” . ‘., I..’ .- I_ -.. 

-” ,.:..v’ ” ,,. .- I .‘,-. _ 
Baseline Treatment 

.: -,. T-&t or 
” (0 ik) period (6 wk) Change 

ylcoxon test 
meansbd meansbd 

for change 
Campesterol memsd p-value 
h4 

sterol (n=82) 
cohtrol (n=82) 

7.5*3.0 6.W2.5 
6.e3.2 

-0.6ztl.3 
6.7k3.1 : -02t 1.2 0.0669 ’ 

Sitosterel (mg/l) 
sterol (n=82) 2.W1.2 
control (n=82) 

4.42t1.7 
2.6kl.3 

1.6il.l 
2.6*1.2 -0.1*0.5 0.0001 ’ 

Stigmasteml 
(mg/l) 

sterol (n=82) 0.3*0.2 0.3iO.2 -o.ozko. 1 control (n=82) 0.3AO.2 0.3ztO.2 -O.&O. 1 0.2765 ’ 
Avenasterol 
(mid0 

sterbl (n=82) 
control (n=82) 

O.WO.3 0.7ztO.2 
0.8AO.3 

-0.lrtO.2 
0.8*0.3 -0.ozto.2 

sum of plant 
sterols (mg/l) 

sterol (n=82) 11,5*4.4 
control (n=82) 

12.3k4.2 
10.69z4.7 

0.8k2.1 
‘. ‘, _ _. ~. ” 10.3k4.6 -0.3* I .7 

” _ 
Larnosterol 

<0.00005 

&&I (n-82) 
control (n-82) 

3.OM.2 3.M.4 
3.4H.5 , 3.4M.5 

0. UO.8 
0.W0.7 ^ _ _ 0.6427 ’ 

ludet pit&i kait jlm&taa moUl-9 seuraava taulukko 
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Campesterol 

.._, _,““C f T-t;si or , ‘. _. 

Baseline Treatment Wilcoxon test 
(0 wk) period (6 wk) Chanke ’ for change 

meansbd means&d meansisd p-value 
_’ ” _ 

(po”‘, 
cterol (n=82) 18.7k7.5 

&i (n&2) 17.1i8.1 

Sitosterol 
(ti(m 

sterol (n=82) 
control (n=82) 

7.&l .2 10.7k4.0 3.8i2.6 
6.4k3.0 6X3.0 -0.Bl.l 0.0001 ’ 

Stigmasterol 
(cunofl) 

sterol (n=82) 
control (n=82) 

0.7*0.4 
0.7AO.5 

Avenasterol 
(wolm 

sterol (n=82) 
co&o1 (n=82) 

sum of plant 

2.bO.6 
2.OiO.7 

sterols (pmovI) ..I : sterol (n=82) 
control (n=82) 

Lathosterol 
(WOW 

S 

C 

28.4k10.8 
26.%11.6 

17.a6.3 -1 SA3.2 
16.65t3.1 -0.5zt2.9 0.0655 ’ 

0.6ao.4 -0.05kO.2 
0.7io.4 -0.OUO.3 0.2745 ’ 

1.7kO.5 -0.4AO.4 
l.wO.8 -0.01&0.4 10.00005 

30.2zIz10.4 1.9zt5.2 
25.4&l 1.5 -0.7zt4.1 0.0001 * 

I\Temp\ARTIK.KELI-OlOl3O.m 



sterol (n=82) 
control (n=8 1) 

Alpha-tocopherol (mgll) 
sterol (n=82) 
con@1 (n=8 1) 

Alpha-tocopherol/TC ’ 
(mg/mmol) 
. %teibl (n=82) 

control (n=Sl) 
Retinol @g/l) 

sterol (n=82) 
control (n=8 1) 

Retinol/TC * (I.lg/mmol) 
sterol (n=82) 68*13 71il3 3.31t9.1 

0.2t8.6 0.0276 

--GM 
-. - 

control (IFS 1) 67*14 
Beta-carotene (&I) 

68&15 

Sk01 (I&2) 316zt172 
control (n=8 1) 

307*152 -9k74 ‘: 

Beta-carotene/ TC * 
352t228 385*205 33*104 o.OOq2 ’ 

. (P&nrnOl) 
steroi (n=82) 
control (n=8 1) 

501t27 ^ 52;t28 2.6zk13.0 
55*35 w31 5.1M6.2 0.0823 ’ KJ-tit+ (clgnj 

sterol (n=82) 
coritrol (&I 1 j 

0.49zto.45 0.411tO.36 -0.08*0.37 

Kl-vitarnin/TC: ’ (pg/mmol) 
0.37iO.27 0.36Eto.30 -0.02jzo.34 0.7089 ’ 

_ 
sierol (n=82) 0.0&0.07 
con%1 (n=8 1). - 

0.07*0.05 
0.0&0.05 

-O&O.06 

D-vitamin (pg/~) : 
0.06ko.05 -0.0ozt0.05 0.8826 ’ 

sterol (n=82) 13.7k6.3 
control (n=82) 

17.5i6.2 
13.4zk4.7 

3.8*5.0’ 

D-\;ita&~~ ’ (pg/mmol) 
16.7k5.2 

. -. 3.G4.1 0.2933 ’ 

sterol (n=82) 2.2il.O 3.Oztl.l 
..:,r.‘:r\~.L~.~ .” I 

0.8kO.9 
con@01 (n=82) 

TC= Total cholesterol 
2.11t0.8 2.7rt0.9 0.5io.7 0.0103 ’ e 

Pitoisuudet mooleina -3 seuraava taulao 
1 
+ 
1. 

~:~~~~~-~~eijo\LOLS-l\Temp~RTr~L~~~~~~3~~~ 
i. 

$1 

135*57 137&53 
1273t59 12%50 

14.2i2.9 13.1&2.9 
14.4ct2.9 

-1.lk2.4 
14.4zt3.2 O.&l.7 o.ooo4 I 

2.BO.4 2.tiO.4 
2.3*0.4 2.3hO.4 

4321t89 42oA79 
42&84 42w97 

-37*244 
-23246 0.7387 ’ 

2.3i42.1 
-4.8*43.2 0.2019 ’ 

-0.Ols0.3 
0.003kO.2 0.6104 ’ 

-11*57 
0.%57 0.1809 
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Table 6. Plasma fat soluble vitamins and ratios to serum total cholesterol during &al ,, ;. -i .A”. / ‘-I: . .- .,. ,. . . ,.&. ; ,:- i‘“*:. j.‘&** : 
, 

SIC., ‘C I “. I, . . . .: 
,_. 

:, I --‘I I 

Treatment 
..: .-f T-&s! or 

Wilcox& 
Baseline (0 period (6 

” 
test I for 

wk) wk) Change changi 
mean&SD mean&SD ., me-SD pvalu$ a\ 

Gamma-tocopherol (mnoi/l) 
sterol (n=82) 2046*808 1956i786 j’ 

I. dgug8s; .L” )_.. .,,,” .(_I .r..-.i*..-. 1, -. -. 
control (n=S 1) 1415i‘85s. . . -_ I -* ,.a Ibm7g6d;‘: .,... _) (.I. ys$zr9 

Gamma-tocopherol/TC ’ 

sterol (n=8i) 323*136 
control (n=8 1) 304M42 

AlphaAocoph&ol (~ol/l) 
steroi (n=82) 33.0k6.6 
control (n=81) 33.5zk6.7 

Alpha-tocopherol/TC 2 
(pmolhnmol) 

sterol (n=82) 5.2*0.8 
control (n=S 1) 5.3cto.9 

Retinol (nmov1) 
sterol (n=82) 1506a309 
control (n=S 1) 1495*293 

329A27’ 5.4ilOl.O ” .“ 
29%121 -11.4&1oj’;7 *-*~‘02;0!9 ’ _,_ 

30.5dc6.7 -2.59~5.5 
33.Q7.5 O&4.0 0.0004~' 

5.ktl.O -0.oolrO.8 
5.3il.O O.OoTtO.6 0.6104 I 

1468&7 -39A2ijl “1 
149N340 3.32t200 

-’ o~isog. ). 

Retinol/TC 2 (nmol/mmol) 
sterol (n=82) 
controi Cn=Sl 1 

Beta-carotene &nol/l> 
.” ‘stern 01 (n=Szij ' 

control (n=S 1) 
Beta-carotene/ TC 2 (nmov;iundl).., ., 

sterol (n=82) 
Control (n=8 1) 

Kl -vitamin (nmol/l) 
sterol (n=82) 
contrql (n=S 1) 

Kl-vitamin/TC 2 
(nmol/mmol) 

sterol (n=82) 

237~46 248~1~46 
23&i 

11~~32 -- -- 
236zt48 --- -_ D.&k30 -_-~-- 0 J.027'6 

58&321 
571*2~3 ii&3g .'^ -,, :, 

656a424 
7'f813M ,. 6si93 I o~odo2~, 

^ I _ . ,. 

9360 97*51 4.ti24.2 
1 d3i65 1 lti58 9.6zt30.3 O.di23 ' 

1.09zt1.01 0.9Lto.79 o~83iro~61 ” , ~a~7~o*x7~ ‘* 
-o.18~.83 c, .*,..-,. I 
“$~jxo~74. b;Too2 * 

.‘. 

0.17*0:15 d.im.12 _' dm4-l l?' 

steiol (n=82) ’ 34.215.6 43.7*15.5 9.5&12;5 ‘. 
c&r?1 (nT82) ,33:5u+1.7 : .__ 41”rh&l’311~.. . ,... 8*G16.2 I .,- ,rl 1,, “, 

0.2948 
D-vitamin/TC 2 
(nmol/mmol) 

sterol (n=82) 
conts.,J 1m=Q3\ 

’ TC= Total cholesterol 

“.,i.& I ‘:. ,. 

5.4*2.5 7.5zt2.9 2.ckt2.2 . ‘-’ 
~2~1 n = +2.3 1.4*1.8 9.0103:' 
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l cholesterol and HDLILDL ratio and changes 

qmE-groups 
- .__-__ -._ “-... v1 uranrlcrit during trial in different r&omi~tion and 

; ,- 

ApoE 32 and 33 
r&ne -t-.. 

,, ApoE aud 44“ ‘~ : ‘“; 
- l . 

j_ 

LlJL Stero1 
cholesterol ControL 

4.lkO.7 
4.1’^’ 

(movt) 

HDLJLDL Sterol 
l-&i0 

0.44&O. 15 
Control 0.441’ t-b ’ / 

(-oW 

’ test between sterol and control group 

U.ktO.6 
p-value ’ 

6.3*0.6 cmto.4 
p-value t 

0.8039 

<0.00005 0.0092 .,I 
-0.5*0.5 4.OkO.6 
-0.orto.5 

-0.4*0.5 0.5702 

p-value ’ 
4.0.zto.7 o.0M.4 0.7090 

<0.0b005 
p-value ’ 
0.0015 

0.07%0.08 o&4*0.12 
0.01st0.07 

0.06Lto.06 
JXl.10 

pvalue ’ 
0.420.17 

0.5837 
0,01~.07 0.5842 

<0.00005 
pvahle ’ 
0.0015 
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Table BB. Serum baseline plant sterol and lathosterol levels and changes bemeen 
. baseline and end of treatment during fiia!, in different randomization and ApOE-groups . I .,__j.” _ .” ,” . . ..I. .^ .“, 

.,,.-,-> I ,. -+/,z ‘:. .i t-test 0r 
WilcoXon 

,. :. .: test ’ 
be&&en 
different 

Variable Group ApoE 32 and 33 
change 

ApoE 43 and 44 
apoE- 

change 
groups 

between 
baseline weeks 0 

between 
baseline weeks 0 

(wk 0) 
Campestero 

and 6) wk0 and6 pvalue 
1 (mg/l) Sterol ’ 7.5Lt3.4 -0.7*1.3 7.4~2.5 Control 3 7.ort3.5 -0.4&l. 1 6.4rt2.5 

-0.4k1.3 0.2271 ’ 

p-value 4 
0.4rtl.3 

p-value 4 
0.0717 ’ 

0.1210 ’ 0.1321 ’ 
s.._ L 

2.ti1.2 
3 

1.5*1 .o 
- “F1.3 

2.9M.2 
-0.1*0.4 

1.7k1.2 0.3536 * 

p-value 4 
2.6*1 .O o.oko.5 

pvalue 4 
0.2380 ’ 

O.OOOl ’ 0.0001 ’ 

0.1 -0.03*0.09 
0.2 0.001to. 11 

p-value 4 
0.0168 ’ 

Avenasterol Sterol 2 
(mg/L) 

0.8rto.2 
Control 3 

-0.143to.13 
O.SztO.3 -0.Olti.15 

p-value 4 
O.OOOl ’ 

sum of 
plant sterols Sterol 2 
bgn) 

11.5i4.7 
C0ntrol 3 

O&2.0 
10.7*5.0 -0.5M.6 

p-value 4 
0.0036 ’ 

Lathosterol Sterol ’ 3&l 7 
., \Y L) Cpntrol 3 7 3Ll 

._ 
, 

.-I 

J.l;r‘. 2 

’ Wilcoxon test 
’ in the apoE 32 and 33 group n=49 and ’ 
‘intheapoE32and33 

In A.7 
DT~II~ n=xn -4 

* test between stern 

0.3kO.2 -0.01*0.07 
0.4kO.2 

0.3 167 ’ 
-0.05*0.12 0.0042 ’ 
p-value 4 
0.00891 ’ 

o.so.3 -0.17*0.18 
0.8io.3 

0.4065 
0.01M. 16 
p-value 4 

0.8547 

0.0012 ’ 
y” I .> 

11.5i3.9 l-1*2.2 
10.a3.8 

0.1486 * 
0.4*1.I? 0.1225 ’ 

p-value 4 
0.1771 

u.ew. I 

-0. MO.7 
3.1f1.2 O.lztO.9 0.4774 ’ 

p-value 4 3.8*2-l O.&O.7 0.0757 
n mr\n‘i I pvalue 4 

0.2414 ’ 
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SELITETAAN VAIN TEKSTlN& 
Table BB. Se 
baseline aqd end of tq 

:ti’baseline plant sterol and lathosterol levels and chaurres between 
iatment during trial in different midotiiiatioti i 

Campesterol 

‘%i3 
Control 3 

baseline 
(wk 0) 

18.8zt8.4 
17.5i8.7 

change 
between 
weeks 0 
and 6) 

p-value 4 

-1.9zt3.1 
-1 .Ozt2.7 
0.1210 ’ 

change 
between 

baseline __ week.50 
wk0 and6 p-value 

., : Sitosterol 
(WOW 

Sterol * 
Control 3 
p-value 4 

6.9ct2.9 
6.4h3.2 

18.5t6.1 -0.w3.2 0.2271 * 
16.01t6.2 0.9rt3.2 0.0717 ’ 

0.1321 ’ 

Stigmasterol 

Sumofplaut .(. ’ 
sterols (jimol/L) 

Sterol * 
Control 3 

28.4&l 1.8 
26.5rtt2.4 

p-value 4 

. Latnosterol 
(UmOliLd~ 

3.G2.5 
-0.3*1.1 
0.0001 I 

-0.07ztO.22 
0.01i0.26 
0.0168 ’ 

1.2K5.0 
-1.3zt3.9 
0.0036 ’ 

0.4&l -8 
-0LM.8 
0.2005 ’ 

7.0zt2.9 4.1i2.8 0.3536 ’ 
6.3rt2.5 O.lil.2 0.2380 ’ 

o.ooo1’ 

0.7kO.4 -0.om.17 0.3167 ’ 
0.9rtO.6 -0.UO.3 0.0042 ’ 

0.00891 ’ 

2.2rtO.7 -0.4kO.45 0.4065 
2.NO.6 0.031to.39 0.8547 

0.0012’ 

28.4rt9.5 2.7-+5.4 ,I ,-0.1486 ‘. 
25.a9.3 0.w4.4 

0.1771 
,,g.l:i%‘; I 

.., . . . . I ., -” - ‘, 

8.M3.2 0.1i2.4 0.4774 ’ 
9.8k5.5 O.&l.8 0.0757 

0.2414 ’ 

*’ S terol ’ 
, Control 3 

p-value 4 

7.7rt3.3 
8.4*3.2 
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I Wilcoxon ttgt 
.e.-.-. .,, ,“,_, ..,/_ .,,_._ ,_ 

* in the apoE 32 &d 33 groud n&9’and in the &E 43 and 44’group’ti=32 
’ in the apoE 32 and 33 group n=60 and in the apoE 43 and 44 group n=22 
’ test between sterol and control group 

. $I 
“‘.. 
_‘.._ 



Baseline 
(0 wk) 

period 
(6 wk) charwe 

P-value 
lmtw-.. 

1.11*0.16 1.10+0.16 
1.12ztO.15 

-0.01*0.14 
1.17Lto.17 II ns+n ld 

:rol (n=82) 
Intro1 (n=82) 

b(a) (mg/mL) 
sterol (n=82) 
control (n=82) 

19.62tl8.6 23.0zt24.8 9 A10 1 
232t29.9 25.5jz30.3 

>.-?=o. 1 

2.3k6.6 0.8230 * 
.z_ ./ .)j ,,,,.(. ._ ( j-:-” 

‘ t-test between groups - 
* Wilxocon test between groups 

Table 7. Apolipoprotein E polymorphism 
.type sterol group 

.). I . .._ % 32 3” 

33 (3.7) 46 

42 (56.1) 43 (1.2) 
44 28 (31.7) 

(7.3) 

control group 
% 

“’ “: (4.9) 

“0” (68*3) (0) 
20 (24.4) 
2 _ (2.4) 

., 



’ ” v Table CC. Serum apolipoproteins during trial 

AooAl . 

Wkfl 

run-in 
‘(wk -11 

..& /; 

_ <’ -. ; ’ ^ . . . 
;,.“.,_e. ..I^ ‘. 

change 

belwen 
‘IlOW up weeks 0 
i-3 wlcl 6-l I; 

. . . . Y VVlL” 

randomiza’ (end of fo 
tion ) wk3 treatment) (- - ..--, -.” V 

a 

(m&4 

sterol ’ 
control * 

l-47*0.20 1.47&0.20 1.49ztO.24 1.48LtO.24 1.54~0.27 O.OiM.20 
1.44rtO.20 1.47*0.21 1.5ortO.26 1.49ztO.24 1.520.24 O:OZ&O:21 

p-value 3 0.6855 

APB 
(mg/mb 

sterol ’ 
control * 

l.lwO.13 1.11~0.16 l.OaO.18 l.lOjzO.16 1.15*0.17 -0.OhO.14 

p-value 3 
l.EtO.14 1.120.15 1.16ztO.16 1.17kO.17 1:1&0:18 0.05*0.14 

0.0048 

b(a) 

sterol 4 
control ’ 

20.%21.2 19.6a18.6 24.6zt25.5 23.01t24.8 24.4~1~26.1 3.4*x.1 
,z 22.w27.3 23.2zt29.9 27.h32.4 25.5jz30.3 28.M33.4 2.36.6 

pvalue D 0.8230 

’ in sterol group n=82 (weeks -1,0,6) and n=81 (weeks 3,8) 
* in control group ~82 (weeks -1,0,3,6) and n=8 1 (week 8) 
3 t-test between groups 
4 in sterol group n=82 (weeks -1,0,6,8) and n=81 (week 3) 
’ in control group n=82 (weeks -1,0,6) and n=8 1 (weeks 3,s) 
6 Wilxocon test between groups 

, . . 
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gy/ 
%t+! . .k& Table 10. LDL oxh.Jatjon,(fiom 27 patients) 

rate, of oxidation 
ii0 1 group (n=li) 0.016fo.003 0.016ti.003 

control group (n=15) 0.015AO.003 0.016*0.003 ,: ‘, ‘.,‘,’ : ,,” ,._. ‘” 

maximal oxidation 
sterol grouti (n=12) 1.43f0.19 1.53zbO.17 
control’group (n=l5) 1.49IbO.13 1.50M.13 

lag phase (min) 
“sterol group (n= 12) 163.9SO.O 141.7zb30.6 
control group (n=l5) 

diene 

159.8~04.5 149.4S23.6 

0.0004 
0.0006 0.8558 

.e,,~,:; -- .:. >,” 

0.0911 
0.0067 0.2915 

-22.22 
-10.42 0.3515 

sterol group (n=12) 
control group (n=l5) 

5.33fi .04 5.4W1.05 0.14 
5.13H.90 5.34rfrO.89 0.21 0.8500 

tbars 
sterol group (n=l2) 
control group 

38.9H6.3 49.6ti2.7 10.75 
40.7til .l 49.6f15.9 8.76 0.8573 

(n=15,14) 
;: ,, . ,.~ j ,- ,._,; ..,_ I.,, * 
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fNTRODUCTfON , ._ , ;. ,p i 
.x :, :,:.: j’ i : ,I ,- : ,_ /,- i..,,,.^ .,_. I_- .I. 5. C$’ 

,I .-., 1 I “: “. _, ,. ..’ .\,.:.,e:‘.- I’ ,^ .P.“ r. . . I’i ,, .,,_ ‘.j, : ._ . ’ i -’ 
.l., ” ‘jj ,._ .’ , ._ : :~. ‘.< _ ,.,i:;p,.*;. ,- ‘y’. 2 ‘,;-~ 

Coronary heart c&e&e is one of the teading causes of death in Western countries. Ele- 
_’ 

vated serum Jotal chck@terol and blood pressure are independent risk factors for coronary 
^ .- 

heart disease. Diet therapy is a primary mode of treatment for both hypercholssterolemic 

and hypertensive persons. - . . .,<.,, ,I,!,..: (., 

Plant sterols have been shown to have a hypocholesterolemic effect without having an 

effect on HDL cholesterol concentration (l-8). The cholesterol lowering property of plant 
sterols is based on the inhibition of absorption of biliary and dietary cholesterol from smaff 

intestine (4,9,10). Thus, plant sterol enriFh&~products are offering a new avenue in the 

dietary management of elevated serum cholesterol concentrations. In this respect the ef- 

fect of plant stanol ester fat spreads has been best documented (2,5,8). Daily use of plant 
sterol enriched food stuffs is necessary to sustain the cholesterol towering effect. Previous 

studies have principally been made with saturated and esterified form of plant sterols and 

added to spreads or other fat products. Addition of crystalline, onty physically processed, 

plant sterols is technelogically possible to low-fat food matrix e.g. bread and meat. There- 

fore, it is important to study whether other food stuffs (like meat products in the present 

study) enriched with only physically processed plant sterols and used on daily basis would 
have significant cholesterol lowering properties. 

The enrichment of a combination of crystalline plant sterols and calcium, magnesium and 
“, . 

potassium~miner& (Muftibene&) has been shown to decrease serum total and LDL cho- 

- lesterol concentr&on~ SignificanUy.in rats (Karppanen et al. published data). Unpublished ,. ..I 
- data on humans indicate that Multibene@ enriched food stuffs (combination ofbread, meat 

and milk products) as a part of habitual Finnish diet reduce significantly serum total and 

LDL cholesterol concentration.(Tikkanen et al, unpublished data). Therefore,:there ‘is need 

to examine the independent effect of meat products enriched.with MultibeneB on serum 

lipids. ,, ,.-’ 

._,. . 

I 
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3 find Out the effect of olant sterol and mincxd rwwirhmnnt 

fat and low salted meat products (frankfurters and cnid CII~C\ rnmn~r~~ 

zontror meat products, on serum total and lipoprotein liDids and blood rwesw 

-v---w. - 
,. 

rncrusron cnfena ot the study were serum total cholesterol between 5.0 and 8.5 mmnl/i 

,. ides below 3,O mmol/l, age 30-65 years, normal liver, kidney and th\t- *; _‘. ,- 
I fur&ion, no lipid lowering medication; no unstable’angina, no history of my- ___ _._. 

_) ,. _,-., i ..I _ , >,-, r ,. .(..,. 
artery bypass craft (CABG), percutaneous transluminal rnrnnam an 

gloplasty (P I GA).wiff?in the previous 6”months, no transient ischemic attack (TIA), no his- 
.’ - ._ : 

tory of malignancy nor diagnosed diabetes. 

Subjects for this study were recruited bv an advertisement in R IW~I n,&knsr -rh;rkS 

three subjects volunteered to participate in the study. Four of them were excluded from the 

study during the p&-trial period. Twenty-eight subjects started to eat the test products. 
Eiiht subjects dropped out during the study. One subject dropned nil+ ,Lrnn +ha n-a c~mI 

period due to’pemon%l reason and five during the first test Del 

In, one due to unpleasant taste of test frankfurters and one subject considered the 
daily amount of test products uncomfortable to eat and one person’s data excluded from 

analysis due to lipid lowering medication that person have started during the study: The ” ‘- 1 ‘I I I .-, _- ,. ,) . . .” __ . ,_ ,. L .I.-:~ _ ,* .- _ 
frrial number of subjecti in this study was 21 (15 males and 6 females). Pre-trial charac- 

j‘, ..-. 
teristics of study subjects and drop outs is presented in tables 1 and 2, respectively. The .^ 
purpose of the study &s explained for the participants, and a written consent to the study 
wais’ iiven by &‘;~;e &y”y”;. _.,, ‘__> _. ._‘, .? : / ‘: _.,, ?,( ,. I. _,: “..;J’.., :,>--,,. ,_, :;,z,.. ; ., ..,F . . . . i . . 

.“, 

trial routine [ak-&tO~ measurements are presented in table 4. Study subjects” nhvaikd 
activiti; smblc”ig ‘h’atjits“g”d .glcohol ~~nsumptio;;.,~~mained siaile. “_ __ 

- . 

. r. .,-.“u, 



A randomized, placebo-controlled, single-blind repeated measure design with three test 

periods was used, Subjects started with one to &io week run in’$riod. After run-in period 
_ ,.’ ,, “. .._ r -,, “, ,* ,~ 

each subject followed all three different test’periods for three weeks in a randomized order. 

Randomizationvfas ,made as a group: The randc \/ -‘,. : .,., *i- . ,, _ 
1 period (daily.amount of sterois was 12 g), control period (no added sterols) and sitos- 

tero12 period (daily amount of sterols tias 2,l g). The study was approved‘by the Ethics 

Committee of Kuopio University Hospital. 
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, to use constant dur!ng the study. Rout,inelaboratory samples (blood count, S-TSH, S-GT, 
:., . , - 

&Cree; s-urate) were collected and analyzed at the Kuopio University Hosp&i to ens& “< 
_ _.. 
the health status and inclusion criteria of the subjects. Plasma glucose was analyzed at 

the Clinical Research Unit, University of Kuopio using commercial reagents (Granutest 100 

Glucose, Mer%Gkmany) by enzymatic photometric method with Kone Pro Analysator. ln 

addition, subjects were recording changes in their health or life style daily’duiirig the study 

to the diary. j. 

Dietary monitoring 

The composition Of the background diet was monitored with three 4day (three week-day 

and one weekend-day) food records, once during each product period. Serving sizes were 
-~ 

estimated with a portion size picture booklet. Oral instructions how to record food were 

given to all subjects personally and written instructions were also given. Nutrients were 

calculated using the Micro-Nutrica” dietary analysis sottware (developed by The So&l 
Insurance Institution) which is based on Finnish nutrient databases. 

Serum lipids 

~. _j” 

All blood samples were collected after an overnight fasting (12-h). Serum total and HDL- 
‘. 

cholesterol and total triglycerides were analyzed at the Clinical Research Unit, Univeratty 

of Kuopio by enzymatic photometric method (Kone Pro Analysator, Kane Instruments, 

Finland) using commercial kits (CHOL CHOD-PAP, Peridochrom triglysenck&PO-PAP, 
Boehringer Mannheim GmbH, Germany). Serum LDL -cholesterol concentration was cal- 4 
culated by Friedewald formula. 

. 

_ Blood pressure, height and weight - _ 
._ 

Blood pressurewas measured from the right arm after ten minutes rest in the sitting posi- 

tion with a mercury sphygmomanometer (Mercuro 300, Speidel & Keller GmpH & Co, 
. ,. 

Germany). Three measurements were done and the mean of the last two were used in 

analyses. Height was measured at first visit to the closest 0,5 cm. Weight with light cloth- 

ing was measured twice {mean was used in analyses) at every visit with digital weighing 

scale (Scale Seca 707, Vogel & Falke GmpH & Co, Germany). The subjects were re- 

h 

i . . 
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quested to keep their~weight constant during the study and therefore they recorded their 

weight once a week also at home besides the measurements at the study unit. ,.. .’ ^- j. “. 

Statistical methods ‘\ _ . . 
_,. . -1 : / ,__ ,. I 

,. _.; -,. ,I ., . I _< .,.~, ” s- , 
The data were analyzed with the SPSS Base and Advanced : .,.. (_,_(” -. , models 99 statistics program 

., .‘. 
(SPSS Inc. U.S.A). Tfieresufts are given as means (&I). The main comparisons were 

., 
made between the mean values at the end of each test period. The absolute and percent- 

age changes were compared between the end measurements of both sterol periods and 

the end measurement of control period. 
\ 

Normal distribution of variables was checked with Shapiro Wilks test before further analy- 

ses. Analysis of variance for repeated measurements (MANOVA) was used to compare 

the overall changes in continuous variables among different test periods. Two-tailed com- 

parisons with paired t-test with Bonferroni correction was used in the further analyses. For 

dietary vitamin-A intake which was no t normally distributed even after logarithmic trans- 
formation and for alcohol intake which was not normally distributed Friedman test was 

._ used. Sign test was used to compare the variables of smoking habits, alcohol consumption 
and physical activity. 

? 

RESULTS 
/ 

Weight 

Body weight and body mass index of the subjects did not change during the study (table 

6). 

Use of test product& and composition of the background’diet 
.., ^ 

.” .._. / ‘,3,, 
,~. _., -. (,.~ ~ ,I i... , c .’ ” _ _ ,>.,- .- , 

The compliance with the use of test products was good and uneaten portions oftest prod- 

ucts were rare and occasional (table 7). The intake of nutrients from background ‘diet dur- 

ing the different test periods are presented in table 8. Difference in the intakeoffat was 

almost significant (p = 0,05). The intake of monounsaturated fatty acids was significantly 
lower and the intake of carbohydrates and magnesium were significantly higherduring si- 
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tosterol 1 and 2 periods than during the control period. In addition, the intake of calcium 
a 

_; was significantly-higher during sitosterol 1 period than during the control period. The differ- 

ences in nutrient intake between test periods are equal to differences in nutrient composi- 

tions of test products. 
:-.. 

Serum total and lipoprotein lipids >, .- 

The concentrations of serum lipids and lipoproteins during the study are shown in table 9. 

The absolute and percentage changes in serum lipids and lipoproteins at the end of sitos- 

terol 1 and 2 period compared to the end of the control period are presented in table IO. At 

the end of sitostero12 period serum total cholesterol concentration was significantly lower 

than at the end of control period (difference 034 + 0,53 mmol/l, 4,9 -e 7,5 %). Serum LDL- 

cholesterol concentration changed statistically significantly during the study (p = 0,001 for 
trend) and difference was almost significant between the end measurements of each test 

periods (p = 0,056). Both absolute and percentage changes of serum LDL-cholesterol 
concentration in referenoe to control were significantly greater during the sitosterol2 pe- 

riod than the sitosterol 1 period. No differences in the HDL-cholesterol and total triglyceride 
concentrations were found during the study. 

.  

.~ .._ - . . .  -  - . - - - - . . -  - . “_Y yluuu~~~ VVGIG IUUI IU UGLW~~~II me test pen- 

ods (table 11). 

DlSClhON 

The aim of this study was to find out the effect of Multiben& enrichment (crystalline pl--+ 

sterols from tall oil, potassium, calcium and magnesium\ in Inw fat and ILIAD cattad -a- 
“, 

products (frankfurters and cold cuts)~com&red tn rnnl 
“’ .+.’ ‘. 

and salt), on serum-total and lipof&tein lipid: , ----.-. - - --.---....a ” ,. . .” 
controlled , single-blind repeated measure desian with three teat ncvinrk ~a= ,.-..VwV ..- used. Oppo- 
site to previous studies crystalline form of plant sterols and low fat food matrix was used in 

the present study. 
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The differences in the background diet among the test periods were due to the differences 

of comPosition of the test products enriched with MultibeneQZ, compared to the control 
..::;A gy ,;v;‘.p .“$ products. Test products were intentionally lower in fat and higher in minerals than regular .g$j~ 
-*j”% meat products, v&ich were used as a control. .;w?‘z* . ..9.. >( ^ ;.?* .:.:z&: 8 ‘if. i<;$ -&~$ i +:.,, ““3 Study subjects’ weight, physical activity, smoking habits and alcohol consumption re- _, ,?$j :.-Y.-r.: ::&q > c..: ,~ s :t,. 

i 

mained stable during the study. Therefore, the difference in serum total cholesterol con- ::.r: i .,‘i ,u ‘& centration between the sitosterol2 and control periods could be ascribed to be due to t +*a : g>+ I T,:& Multibene@. ,,;y. 1 ..2 9. 1 ‘a: 2 
.:>& .A:.< ?,>,j ..,.i.$) I‘ @$ Serum total cholesterol concentration was significantiy lower at the end of sfiosterof 2 pe- t a* f ;;,., :2 :+; nod when daily intake of added sitosterols was 2,1 g than at the end of the control period. ,. ? .i ;..g . . During the sitosterol 1 period, when daily amount of sitosterols was 1,2 g, serum total :..I c. *$ 

> ..T,’ cholesterol COnUWatiOn did not change significantly in reference to the control period. : 
I 

The eanier study using partly ester-if& form of plant sterols from vegetable oil origns has ,.‘. 
shown that sitosterol reduces total cholesterol concentration significantfy, when the intake ” :j :-i* .( 1 ,. of tokd plant sterob has been as low as 0,83 g/d (11). In the studies with esterfied or .4 

q .: 4 Partly ester&4 form Of sterols serum LDL-chofesteroi concentration has decreased sig- 
$&jf 

nificantty, when the intake Of sitosterols has been 1 g/d or greater (5, 11, 12). In the pres- ;* ~~*.:~ ..:..“,‘; . ..&& ent study serum LDL-cholesterol concentration tended to be lower in the sitosterol2 period . ” $>$ .;::g? -- >i: 4& than in the control period, but the difference was not statistically significant despite that the 

trens among periods was. Altogether the effect on total and LDL-cholesterol concentra- 

tions was about half of that achieved with esterified and saturated form of plant sterols 
. given as p&t of spreads and whether tall oil or vegetable oil origins. 

.&:j -SF?,, The supposed mechanism‘behind the cholesterol lowering effect of plant sterof is the .; <$ -.,.t; 4 
.~~$&f competition of plant sterols with cholesterol for incorporation in mixed micelles (3, 6). It TSj,$ :“$*g i-t:; : ,L.. 3 could be that the esterified form of plant sterol is more readily incorporated into the mi- ‘-z*. i $c& .,\ I 
+:<y :;“,j 
‘q celles and, therefore, it might be a better competitor for cholesterol than crystalline, only 
;;4J Physically processed, plant sterol. 
-Y&i& 

; 

.& -;g$ 
I*$<? h. 1 The mineral enrichment of test products seemed to have no additional or synergistic ef- ” .,@ I. ,@*. 8% I fects with plant sterols on serum cholesterol concentrations in the present study. :,r> : :2*x 
;$ P 

1 i$$j ‘“> % ,* ‘; ;;c 1 ,,:d 551 
i 

.;‘-‘;- .--.- ~ .~ ,y”,‘+&‘.*.rrr ---.-,~l^-~,~ 
~~e~~~~~~~r7.~~~~~;~,;~ r L”-:.“~~~~~~~~~~~~~~~~~~~~~:~~~:~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~~ t 
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In agreement. wjth the earlier studies, serum HDL-cholesterol and triglyceride mnwntra- ..,. 
tions did not change during the test periods in reference to the control period. And no dif- ,. 
ferences in syst&and diastolic blood pressure were found among the test periods. Plant 

. sterols have not been shown to have an effect on blood pressure. In the present study the 

blood pressure was a matter of interest beoause of mineral enrichment of:y$st products. 
_, < ” 
,’ .- r ,a. 

‘. __ ’ .;, .<:- ‘. 
’ .-;-.i _‘. 

In the k&i$r $&lies it was shown that plant sterols reduce serum cholesterol concentra- 

tion within 2-3 weeks of initiation of treatment (6). Therefore, three weeks’ duration of test 

period can be kept sufficient long to bring out the maximum effect on serum cholesterol 

conce&ation. In thk present study the’mean of serum cholesterol concentrations was 
the 

same already after one week consumption of test products than after three weeks con- 
,, 

sumption iti th&#osterol2 period. This indicates that the effect is reached already in one 

In the present study frankfurters and cold cuts enriched with plant sterols from tall oil, 

taSsiUm, G&iUm ar@ magnesium, as part of habitual Finnish diet reduced serum total 
po- 

cholesterol concentration in hypercholesterolemic subjects when the intake nf =i+-c+-.l- 

wan 7 1 nld hlat nit IA& 
-- .- -...-..- V. YI~“Y,~, “13 

---- -I - J’Y, “Y. 8I”k ““0. h the lower dose and mineral and plant sterol enrichment of the test 
-- Pm ducts did ?ot affect the blood pressure. 
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Table l.Pre-trial characteristics of study subjects (n = 21). 
Mean (SD). _ 

MenWomen ” 
. . ‘, ~~ ~,. / : . .I ,.. ,) 

1516 
Age (years) 50 (10) 
Body mass index (kg/m’) 25,8 (28) 
Serum total cholesterol (m’mol/t) 6,7 (W) 
Serum LDL-cholesterol (mmol/I) 4,7 (0,8) n = 18 
Serum HDL-chblesterol (mmol/l) 1,2 (02) n = 18 
Serum total triglycerides (mmol/I) I,5 (0,6) 
Education: Comprehensive school 1 

Vocational school 10 
Upper secondary school- 1 
leaving certificate 

College-level institute 5 
Polytechnic college 1 
Academic degree 3 

Table 2. Pre-trial characteristics of drop-outs (n = 8). 

Mean (&I). 

MenMlomen 414 
Age (yea@ 
Body mass index (kg/m’) 

, . ..I x. .,; 1 , - 
Serum total cholesterol (mmot/l) 

I .I,_ /.I .;. 

Education: Comprehensive school 

52 (8) 
26,g (3,7) 

6,1 (08) 

1 
Vocational schodl ’ 6 
Upper secondary school- 1 
leaving certificate 

. . 
.’ 
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Tab!e 3* Pr!,-trial lif$styie characteristics and medication of 
study dajec& (n = 21). Mean (&). ,a,__ (j 
Number of smokers (regular/irregular) 412 
Number of alcohol users 1 

19 
Number of water soluble vitamin supplement 

2 
users 

>+ Number of fat soluble vitamin supplement i,, 1 ., :: \;, ,. (2 users 
. ..“$i . ‘y: ~ .z,: Number of medication for the treatment of .wi .$&! 2 

i hypertension users ,;;!,i 3 :<g .“,T] Number of Postmenopausal hormone ther- .““i 1 I :- :/ ~.d 2 . ,, 9, spy or hormonal contraceptives users . && ,. 
Number of other medication users 

” 3: 3 
Number of subjects having regular physical 19 
exercise* 

* at least half an hour 2-3 times a week 1 :* z J : 
; 

,$ 
: ;,; : Table 4. Pre-tM routine measurements (n = 21). Mean (SD). d yi$ r 
4 B-Hemoglobin (g/l) ::-, 487 (0,8) ,&?Z .: : ,.;!: B-leukocytes (xE%) ,T& 5,2 (1.4) $22 .” B-hematocrite 1. .A? ,.‘d-rp 042 (0,03) .* ,. .$&!;I 7 ,*:: S-TSH (mu/l) ‘f$ 13 (to) ; ‘. 

S-Gamma glutamyf transferase (un) 283 (16,Q) . _, ..l il... j y *j_ n. ~. .,1. ,.~.,./ .wis:. . 
S-Creatinine (pmol/l) 92,l (10,7) & 

.: 

y . ..q j& 
& ,%. 

h 
e ; :g 

&y .YL& L 
I ,,i ., ’ ‘, ; : :y .: ,: ! ;) 1 “‘2; . 1* ,t;z;“ .,J ,- .,‘x’ ;:I .,. : :. : 
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,‘able 5. Energy and nutrient compositions of test products (fls a)- 

r Control period Sitosterol 1 period Sitosterol 2 period 
~~~~ 

t 

I I a 
e 

f&y@& 1 frankfurters 1 cold cuts 1 fm&fWm 1 cold cuts 1 frankfurters 1 cold cuts 1 

I ahta (01 

tTfi+el citnctnmk Ima\ l 

- 
I 

.,.1.-v \J, 
1 I I I 

- - 1275 1200 , “IQ, P’LY-L’.V’.. ,.....I 

l- 

I I 2250 2025 

Camoc 
.------ , .ss I 

2sterol (mg) e 75 75 150 150 ._ 
--“‘r 
Campestanol (mg) 15 15 30 23 

Sitosterol (mg) 975 975 1800 1575 

150 150 300 225 Sitostanol (mg) 
32b : .,-: Cholesterol (mQ) l 44 48 29’ 

32’ 29’ 
). >..,I 

* analyzed value 

! a cholesterol concentration of normal low fat frankfurters is used 
b cholesterol concentration of normal low fat sausage CtiS iS Used 

Table will be continue in next page 
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Control period 
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Sltosterol 1 period 
* 

Sitosterol2 period 

frankftmkara I #.*1-I -..A- 

: 
’ 

* analyzed value 

Table 6. Body weight and body mass index during the study (n a 2% Mean (SW 

Baseline Control period Control period Sitosterol 1 Sitosterol I Sitostero12 Sitosterol 2 p-values’ 

(0 wk) (4 wk) (6 wk) period (1 wk) period (3 wk) period (7 wk) (9 wk) 

Weight (kg) WI (93) 78,O (93) 78,1 (QB) 77,8 (994) 7&l (98) 7&l (93) 7&l W) NS 

, Body mass , 25,8 (2,8) , 25,8 (2,Q) , 25,Q (3,0) , 25,8 (299) , 258 (3,O) , 25,Q (390) , 25,Q (3,O) , NS , - 

index (kg/m2) 

a indicates significance of differences for overall changes among the test periods analyzed with analysis of variance for repeated measurements 
.: 

(MANOVA) 
Table 7. The number of subjects who recorded to have uneaten test products and number of uneaten portions. * 

Control period Sftosterol 1 period Sitostero12 period 
_I 

3 2 5 
* Number of subjects 

Number of portions of test 

products 

3 l/3 2 l/6 4 

, 
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Table 8. Nutrient composition of the’diets (n = 21). Mean ($B) I 
. .?. c 

,.. 
Control po- Sitosterol I Sitosterol. 2 p-valuesa 

riod (6 wk) period (3 wk) period (9 wk) 

Energy (MJ/day) 88 (2,O) 83 C&l) 83 (22) NS 

Energy (kcaliday) 2054 (490) 2035 (512) 1984 (518) NS 

Fat (E%) 354 (5,7) 33,1 (5,5) 33,8 (4.9) 0,05 

Saturated fatty 13,6 (ZQ) 1384 (3,1) 13~7 (2,5) NS 

acids (E%) 

Monounsaturated 12,7 (2,5) I I ,3 (2,7)b 11,6 (2,3jd 0,001 
.&g 
,.,;rj fatty acids (E%) 
: .-‘?1 :; 5.; I j : $ Polyunsaturated 5,7 (182) 52 W-0 409 (1,2) NS i ..; i .< ? ,+$ i.&) ‘3.9 ; >*q fatty acids (E%) 
‘,. : 2 ,’ Protein (E%) 17,8 (20) 17.1 (2,5) 17,2 (2,5) NS 
, ..” Carbohydrates 42,3 (6,8). 45.4 (6,4)’ 451 (6,4)d 0,004 .+: 2: 
<.1.; (E%) i . ‘, n 

Alcohol (E%) 3,O (4,2) 3,1 (6,1) 2‘6 (434) NS _ 
;y ,!j . . . . Fiber (g/day) 24 (10) 26 (10) 24 (8) NS 
.:: .< ! Cholesterol 268 (85) 248 (105) 250 (103) NS 

,c g ;p&\ -.. OWdw) *..*a,* < .i ‘_ 
a indicates‘the significance of differences for overall changes among the test periods ana- .,,.i _,>“., ; .fi$$ :. “‘@I ,yg;: lyzed with a&&is of variance for repeated measurements (MANOVA) 

,g& , ,:,A* ‘ . ‘&i b signfi&tly different from the control period analyzed with paired t-test with Bonferroni cor- ‘2 “;,> 
rection p C 0,001 
c significaritly different from the control period analyzed with paired t-test with Bonferroni cor- 

rection p < 0,Ol 
d significantly different from the control period analyzed with paired t-test with Bonferroni cor- 

rection p < 0,05’ 

* variable,s *ere &ralyzed with Friedman, test ,;, . ‘_ _.’ : .‘.,.‘.. :- ,,,: l,.i’,,‘i.. :I,.. ~ .,., 1, ,.. ._*. ‘. .-. “. 
~ .“Z._, .*.: .&& $32; Table will be continue in next page .Z$>>j ,?zyi; 
: i>,“f ..xg;;; i .“+r ‘I;$< 
.,i$ ^.I:: d .,, . 4 .““, : “is - r. 4 y.-:: 
ig _ .:.; *: ,. i 

;,) ._ . 
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Table 8 continues 

I. -_ 
./. ‘( .; _.: ._.. ;, 

: 

Control pe- Sitosterol 1 Sitosterol2 p-valuesa 

riod (6 wk) * period ( 3 wk) period (9 wk) 

Sodium (mglday) 3453 (775) 3446 (855) ,3377 (911) NS 

Potassium 3713 (873) 4067 (922) 3896 (940) NS 

W@W) 
Calcium (mg/day) 1028 (327) 1206 (428)’ 1132 (344) 0,027 

425 (91)d 0,000 388 (100) 467 (1 OO)b , Magnesium I I I I 
W-&W) 

Vitamin C (mglday) 98 (53) 110 (54) 102 (55) NS 

Vitamin E (mg/day) 8,9 (3,5) 895 (380) 719 Cm NS 

1201 (2473) 1172 (1937) 892 (1008) NS’ 
Vitamin A @g/day) 

a indicates the significance of dier~, tyyy .-. - - _. __. _. ranges among the test periods ana- 
__.-.- 

. ..# --(..-:- ,L .,dmnrra fnr rmnnakd measurements ( :MANOVA) 

T~~&r~~ntjy different from the control period analyzed with paired t-test with Bonferroni cor- 

rection p C 0,001 
C’significm~y different from the control period analyzed with paired t-test with Bonferroni cor- 

rection p < 0,01 
d -:,,*x -an+h, &#emnt from the control peri& analyzed witi paired t-test with Bonfemoni COT- - s,y ,,,,, MIlLI, Y.,IY.-..- -.---- -- 

rdinn 0 < 0.05 .“-I.-.- r . 

+ variables were analyzed with Friedman test 



Table 9. S&m to&l, HDL-, LDL-cholesterol and total triglycerides during the study (n = 21). Mean (SD). 

Baseline Control Control pe- Sitosterol 1 Sitosterol I Sitosterol2 Sitosterol2 p. p- 

(0 wk) period riod period period period period values’ valuesb 

(4 W (6 wk) (1 W (3 wW (7 wk) (9 wk) 
Total cholesterol 6,8 (1 ,O) 6,5 (1 ,O) 6,7 (1 ,O) 6,7 (W) w3 049) 64 (W) 64 (I to)” 0,003 0,022 

HDL-cholesterol I,2 (0,2) I,3 (0,2) I,3 (0,2) I,3 (0,2) I,3 (0,2) 12 u&3 I,3 (0,2) NS 

P 
LDL-cholesterol 4,9 (0,9) 4‘6 (0,9) 4,7 (0,9) 488 (W 4,7 W) 495 (088) 4,4 (0,8) 0,001 0,056 i g 
:mmol/l) 

rriglycerides I,7 (03) I,5 (0,7) 1-7 (0,7) 185 (094) 134 (0,6) 13 (W) 1,5 (0,8) NS 
(mmol/i) 

I ‘3 a indicates the significance of the differences for overall changes among the test periods analyzed with analysis of variance for repeated measure- 

ments (MANOVA) 
b indicates the significance of the differences for overall changes among the end measurements of test periods analyzed with analysis of variance 

for repeated measurements (MANOVA) 

c significantly different (p = 0,024) from the end of the control period analyzed with paired t-test with Bonferroni correction 
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Table 10. Absolute and PerCentage changes Of Serm tOb& HDL- and LDL-cholesterol and total triglycerides compared to the &nd of the 

Table II. Systolic and diastolic blood pressure during the study (n = 21). Mean (SD). 

‘ .., 
t 

I 

Baseline Control pe- Control pe- Sitosteroll Sltosterol 1 Sitostero12 Sitostero12 p-values= i 

(0 WW riod (4 wk) riod (6 wk) period (1 wk) period (3 wk) period (7 wk) period (9 wk) 
$ 
2~ 

Systolic blood 1256 124,4 (8,0) 123,9 (8,8) 122‘1 (8,4) 125,7 (11,s) 126,O (8,2) 123,7 (8,3) NS 
r- 

pressure (mmHg) (89) 
1, 2 

Diastolic blood 79,5 (7,9) 80,4 (7,4) 81,3 (93) 80,1 @,9) 81,2 (10,5) 8210 (780) 
I 

81,2 (7,4) NS t: 

pressure (mmHg) 
.’ ! it. 

6 
[I, 

a indicates the significance of the differences for overall changes among the test periods analyzed with analysis of variance for repeated 
I: 

1 ;,: 
5. 

measurements (MANOVA) 
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TUTKJMUSEETTIIVEN TOIMIKUhTA’ 

HaJcemusd;&//y k-l/’ -- 
‘. .: -. ‘. Lausuntohrkemus tutkimusly6ln suorittamista varten Saap”“u&J . I 1999 

, ,,,... ,, _ jj_i ;__ u ,..5:. _I)’ / jl i.. :I - ‘.- ,_ Z,“? ,_ :,*, *) .;’ “:, (, ,,,+ ‘~ “_. , ,. __,, 

Ttitkijat: , .i 
Essi Saikk&n, Heikki karppanen ja Mat; Uusitupa.. 

a.:. “- i ,_ /“^ ,. .‘ ., ,_ _.. .1 ..,- - .- ,‘.*‘,:- _. 

_.: .’ ‘. _, ; , . f’ * ̂  “.A. ” T,‘.( ,:C 

Laitoslklinikka: Oy Foddfiles Ltd 

Tutkimuksen nimi (ja koodi): 
Mullibene@:ll~ rikastettujen, vL+h&asvaisten ja v3hasuolaisten lihavalmisteiden vaikutus 
kolesteroliaineenvaihduntaan ja verenpaineeseen kohtalaisessa sydan- ja verisuonitautiriskissa &villa potilailla, 

. ^_ ). ,;,,, _’ , ‘.‘,.( ‘, _I i ,,,_ .:^ <’ / ; \ :.: &.. ,; :i.;- ; -.;.,: _ ;y,;;; :.; :, :. i”‘.J’, .-y ., Z,.,~ ‘., . . . 
Tutkimuksen tarkoitus: TutkimukSen tarkoituksena on selvittaB vBh&asvaisten ja vahasuolaisten seka 
Multibene@:a (mineraaleja + fysikaalisesti kasiteltyja mantybljyper’disia kasvisteroleita) sis&ltgvien lihavalmisteiden 
(leikkele- ja ruokamakkara) v+&+ul@a seerumin kokonais- ja lipoprofaiinian lipi&ihin ja verenpaineeseen 
tavanomaisiin lihavalmisteisiin verrattuna. 
Yhteenveto tutkimussuunnitelmasta (tehWat toimenpiteet/hoidot, milla muutiujilla mitaban vaikutuksia?): 

(asvisteroleiien on havaittu alentavan seerumin kolesterolipitoisu@a vaikuttamatta HDL-kolesterolipitoisuuteen. 
(asvisteroleiden kolesterolipitoisuutta alentava vaikutus parustt~u kas&terolai&n l$$yn esa sappiped&n ja 
uokavalion kolesterolin imeytymista o~utsuolaen.’ Paivit&en kasvistafo@dan Kay@ on kui@nGn val&matdnu 
laikutuksen WyWmiseksi. Kasvistefoieideti tij~rvlrci~^riiu~~~~~n~~~~~~ kuin rawa&tt&sa ai ala 
Ierusteellisesti tutkittu. Rt&Jltibene@:flCI eli‘kalsibm, ‘ha&tisium ja kalitim r&eraal& seka kasvi&eroella 
ikastettujen elintatvikkaiden on havaittu laskevan kokonals- ja ibL&6las~er&@oisuutta ihmisil& 
Wkimuksen tarkoituksena on selvitW8 vaharasvaisten, v~hclsuolaist&kasvisteroleilla saka mineraaleilla 
Multibene-konsepti) rikastettujen elintatvikk&Ien vaikutuksia verenrasv$&&@Wn ia v&n@neaaean. 
betelmana kWet&b yksoissokkoa, satunnaistettua ja kontrolbltua toistettujen mittaustan asetelmaa. 
lsivaihaen jlkaan koehenkilot nauttiiat kolmea eri tuotetta satunnaistetussa (satunnalstaminen ryhmana) 
BjestyksesSa kolmen viikon ajan k&kin. Kontrollituotteena toimii @vai&ainen llhavalmiste (1.7 % suolaa. 22% 
asvaa). Tutkittavat tuottaat sitilt&at 1.0 tai 2.0 g kasvisk?rolia seka Uydannaw kaIsiuin- (09&pv) ja’ 
nagnesium- (O.lglpv) mineraaleja. Lisaksi koetuotteet ovat vaharasvaisia ja vahasuolaisia, 

‘utkimuksean &uytoidaan 25 ialtaBn 304X-v@aita @@ha ja naisia, joilla ofi lievasti t&i kohtalaisesti koholla 
lleva veren kolestarolipitoisuus (koko$$i@ies+ti 5.0-8.5 mmM ja iii$yG& (j;lie’3 &ol/l), mutla’ei . 
pidi&Wyst& Poissulkukriteerein~ ovat diabetes, maksa- tai munuaissalraudeii, h&$&ton kilpirauhasen 
timintahairiq alle vuosi sittan aairastettu sydan- tai aivoinfarkti tii suoritettu ohituslaikkaus tai 
sllolaajennushoito, ljo$ar@on katkok&elyoireisto, TIA-kohtabksei hi &&airaus. 
lokaisella kayntikerralta koehenldlOt pun&am, m&taan verenpaine ]a otetaan IaSJcimoverinayte 12 tunhin 
)slaston #Ikeen. Kokonais-, LDL-, HDL-kolastefoii ja triglywidit m&iteWn joi&& Myntikerran verin~aest& 
&slmm8isesW verinQtteasta mlaritet+$n $5~ piani varenktia ja veran glukoosi. Tutkiivat pit&U 
uokapaivakijaa kolme kwtaa iutkiniuksen aikana. 

f’utklmuksen aioitus: - 
. ” j., * ,.” *,,, _ *,+.x %,,.%L;. ‘~>~~,~~“.~:“~ ::‘,, -“.> ., L :> *.*+‘l*i.: .,-‘>k+“;$~ Lb: 

12 !999- Arvioitu kestb v-2.5 kk “^ ,., r ,_^ .._^* ..~*A .rr ,:.~.. ‘$a*.?:.. ,r,*: ‘. 7 - 
htklmusalnhsto: N( Kuopiossa): 25 [ x ] paikallinen 

N(kokonaism88rB): 
[ ] kotimainen 

25 ( ] monikeskus [ ] kansainvalinen 

Suomessa mukana my&: [ ] Helsinki [ ] Oulu 
[ ) Muu, mikl: 

[ j Tampere [ ]Turku 
- 

rutkimustapa: [ ] avoin 
. 

[ x ] satunnaistettu [ lmuu ,, :_ St”;- ;q- :r‘r P , :.s., ,” ,), \ i ri-, ./ _,., ). “,i .,\ ., ,I . , ,-,j’.W .,.. 
rutkittavat: [ ] Uysivaltaisia potilaita [ ] vajaavaltaisia/lapsia [x ] vapaaehtoisia koehenkil6itiI 

nformaatio annetaan: [ x ] kirjallisena [ x) suullisena 
iuostumus pyydetNn: [ x] tutkittavalta [ ] vanhemmilta/omaisilta 

[ x] kirjallisena [ ] suullisena 

roimikunta haluaa n8hda tutkittavalle toimitettavan informaation sisbllOn sekdl suostumustomakkeen. 

ASketutkimuksessa: 
Seneerinen ntmi: 
/atmisteet(kauppanimet). 

Vaihe: I[ ] 2[] 3[] 4[] 
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Lausuntohakemus tutkimustyen suorittamista vat-ten 
(‘.. 

Hakemus / -- 

Saapunut ___ . __ 199 

ttmoitus L%MMtokseen: [ J rel+p~~rptOn valmiste 
._. ,_ ,,., ..le*..., .*. .- .* “’ [ J uusi indikaatio [ J muu tutkimus 

Tutkittaville aiheutuvat riskit (tdkQan nBkemys eettisista onge/mista): 
.,... 

Tutkimuksessa Otetaan IaVanOmaiSia laskimoverinaytteita. Tutkijoilla on huomattava kokemus samantyyppiste., 

ruokavaliointewentioiden;!oteuttamisesta. Kaikkia testattavien tuotteiden raaka-aineita on aiemmassa 
elintatiikek8yt&d~’ / :: .” ,., < . .s ,;,. _i ,: ‘~I _~.S_” ._. _.I) 

. ,y-- 
,,. ‘,,~~-” ;:., $$’ ,;. *i; .;- .X’S L * --” ” - 

z ., “S . . . . . I~. 
;. 

Selvitys tutkhnuksefi-rahoit&esta (lyhyesti kokonaisbudjetii, phoitus/ahteel): 
,_ -__. 

Tutkimus on kokona&ude.ssaan tilaajan rahoittama. 

Mahdollisten vahinkojen kowaaminen: 
[ x] po&i&&~kovakuutus 
( ] Uaketehtaan erillinen vakuutus[ ] muu 

[ ] UBkevahinkovakuutus 

. 
. 

PUh: 

>r Foodfiles LA, PL 1450,70~01 Kuopio 
Osoite/ty6ylcsik&: 

diie psatas toifnitetaatx y&l otevaan osoitteeseen 

I LaitoksenIklinikar, esimieben suostumus (&ui&ta yksikt%st~ joissa tutklmwta stroritetatm): 
f 31cn antanti suostumukseni edelM es 

2$./v 33 toimitusjohtaja 

5 Wvtiys ies, allekijoitus ja nimen selvennys (leima) 

i Pivt4ys LaitOkSenMnikan eSimies, ailelcirjokus ja nimen selvennys (leima) 

.iitteet: 
r’ x ] Tutkimussuunnitelma kokonaisuudessaan 

i 
I -laajasta vieraskielisesU suunnitelmasta suomenkielinen lybennelmlt 
] Selvi~~,,~~ttavalle,annettavasta idormaatiosta (kuka inform& ja mitil?) 

x ] Kop~o tutkrttavalle mahdollisesti kihetettwista kii;jees& /annettavasta tiedotteesta 

I, 
r 

x ] Kopio suo$umuslomakkees.ta (yleensa suostumus kijallisena) 
] Mull: 1 ,’ .‘-: _ 

L 
T ‘utkimussuunnitelma lopulli~esti hyvlksytty c / 3 199 7 -- A 

K luopio 3-3 1993 II- 
Eettisen toimikunnan sihteeri (, ,,:_“^ -.-.. .‘- 

* . Yhteydenofoissa eetfiseen toimikuntaon mainitcava lupohokemuksen numero (Hmoitettu pliyriikitjanotteeessa), 
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LBsnB: P uheenjohtaja 
Varapj. 

Matti Vapalahti 
Pertti Kirkinen 

Sihteeri Sakari Nieminen 
Leqta Alhonen f 

Esa Jantunen R 

Esko IXiiiftiies f 
” 
. . 

Maija’ MBirtyjWi 
L 
i 

Uffich Tacke 
h’ 
:‘ye 

Poissa: 
Eeva Tdyry 

@ 
SC 
x;‘: 

Janne Jauhiainen r;. 

&ha Kiritiunen ii 

.Tarja Parkkonen j# 

1. Todettiin kokous lailliseksi ja p89t8svaltaiseksi. 

3. :, 
-a--- 

KZisiteltiin toimikunnalle IGhetetyt tutkimussuunnitelmat: 
- 

28199 m: MuJtibeneR:Ila rikastettujen, vGhGrasvaisten ja v& 
hasuolaisten lihavalmisteiden vaikutus kolesterotiaineenvaihduntaan 
ja verenpaineeseen kohtalaisesa sydan- ja verisuonitautiriskissgj ole- 
villa potilailla. * 

Tutkimussuunnitelma m&ten hyvC4ksyttwissq mutta yhteystyii yli- 
opiston laitosten kanssa j%iv$H suunnitelmassa epdselviksi. ‘Pittiisi 

I, 1: ,* 
SelvittW mukana olevien laitosten osuus ja mahdollinen resurssien 
k~iytta’~lgito;sien’esimiesten allekirjoitus riittati). n : L :: 

f 

f%Ws: Suunnitelma hyvBksyt&Gn, kun edella mainittu selvitys toimi- 
tettu eettisen toimikunnan sihteerille. 

----v---e we------- __ ,I, .,, --...-- ‘.,, ---L-------*,---,- -.--we-----------.--_- ----------I------_----- 
*’ :,,Ptiyt+irjaotteen oikeaksi todistaa 

----1--------------------- 
“” *. r 

Kuopiossa 78.2.1999 

L\-:L 
Matti Vapalahli 
Tutkimuseettisen toimikunnan 
puheenjohtaja 

,., - 
.,. 
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JuhaKinnunen Doctor of Social Sciences 
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Specielist’s Degree 
in Neumawgery 

aor of Neumaurgery, Uaiventty 

ity Hospital, Cbahuan of 

ept. ofNeurosu~e~, 

hone 358-17-172603 

I Faeuhy of Mtdiciat, University of Kuopio 
I 

Health Policy end 
Management 

Amcirte Prolmor, Dept. of Iitalth Policy and 
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Specieliet’r Degree ia 
IInternal Medidn 
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Speeiallst’s Degree la Pmfessor of Ophthrhuology,~ Dept. of Oph- 
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oy FoodfrIes Ltcl I JH .9g 

Ticcjdtc LIP? -tutkirn[rkscsta 

Tulkirnukscn tarkoitus: ,/.,. ,r ; 1. ,. ,, ; “. / /’ ‘, 
-__ ,., 

iutkimuksei larkoituksena on selviwa mineraaleilla ja kasvisteroleilla rikastettujen, 
vaharasvaisten ja vtihasuolaisten lihavalmisteiden (nakki- ja/tai leikkelemakkara) vaikutus 
kolesteroliainaenvaihduntaan ja 
jaltai leikkelemakkara) verrattuna. 

verenpaineeseen tavanomaisiin lihavalmisteisiin (nakki- 

.f 
;. T-‘, \ .:, { 

Tutkimuksen kulko: 

, ‘. 

. .‘-. 
‘. 

Tutkimus atkaa 1-2 Won esijaksolla, jonka aikana tutkittavat noudattavat normaalia 
ruokavafiotaan ja heidBn soveltuvuus tutkimuksaen tarkistetaan. Tam&r jBlkeen tutkittavat 
nauttivat kolme tuotejaksoa, 
tavanomainen lihavalmistejakso. 

kaksi erilaista tutkimuslihavalm@tejaksoa ja yksi 

leikkelemakkaraa 1 paiva normaalin ruokavafion osana. 
Tutkittavat syMtt 75 grammaa nakki- ja/tai 

Tuwmus kasw yhteensa 16-l 1 viikkoa ja tutkimuskaynteja tutkimusyksikkCidn (Oy 
brffites Ltd, Sammonkatu 6) on kahdeksan (1-2 viikon valein) Ensimmaisella 
kWtikerrafta mitataan mm. verenpaine, paino, kolesteroli verensokeri ja tehdaan 
tarwydantilahaastatteiu. Tutkittavat pit&&it rupkap$iiv$ikirjaa ~y~misist#&r kolme kertaa 
tufikmrksen aikana, neljti pW88 / kerta. Tutkimusksynnit ovat aamuisin. Tutkittavien tutee 
alla motivoituneita noudattamaan ohjeistettua, tosin tavanomaista ruokavaliota. Painon 
tuke PYsYa muuttumattom.ana koko tutkimuksen ajan. 

Tutkimukseen voivat osallistua terveet 30 - 6!5-vuotiaat henkikk Poissufkevia sairauksia 
ovat diabetes, maksa- ja munuaissairaudet, hoitamaton kilpirauhasen toimintahliirili 
sydp%airaus, alle vuosi sairastetusta sydan- tai aivoinfarktista, all& VuOSi 
ohitusleikkauksesta tai pallolaajennushoidosta, hoitamaton katkokWelyoireisto tai TIA- 
kohtaukset. ., ._ 

Tutkimukseen osallistuminen on taysin vapaaehtoista ja osatlistumisen voi keskeyW4 
milloin tahansa. Toivomme kuitenkin, etta tutkimukseen osaltistuva pysyisi mukana 
tutl+nuksen toppuun asti. Laboratoriotutkimukset samoin kuin tutkimusvalmisteet ovat 
tutkittavilte ilmaisia Tutkittava saa verikokeiden ja ruokavalionsa koostumusta koskevat 
tulokset tutkimuksen pMtyIty3. Mik3li verikokeissa havaitaan poikkeavia lGydtiksi3. 
ohlaamme tutkit!avan asianmukaisiin jatkotutklmuksiin ,.._ ,_. _ .,., ,,^)., , ‘” -‘.“. _,,, a.‘,. .): . . . .*. -v._ ,’ ,’ s 

‘, , .I.’ 
_.,( .‘ 

I, 
Yhleysl&dot Nwa Tapola 

Rawtsemusterapeuttf 
Jouni Hodju 

288 1262 
Laboralorrohoitaja 

Oy Fodfiles Ltd 
288 1263 
Oy FoodflIes Ltd 
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.A.“& 

;L 

Osalfistun vapaaehtoisesti mir&+leil\$ ja kasvisteroleilla rikastettujen, vaharasvaisten ja I 
,J 

3 
v0hGuolaisten lihavalmisteiden valkutus_ta J’eren 

raw&in ja verenpatneeseen 
.;gtg k&ittql&&l ‘ttit&%%en, loka kestM IO wkkoa. 

_._ ,_~ ^:y.~-‘“‘““ ,, i.,_i,m, 1 
.“a,:. ,. Tied&b, ett% tutkimusk&yntej8 on 
/ 4 “. “j, !. I \f,>,$ kahdeks<~“: 112’ -- vfikiiti \ia!ei& Qlep , $t$ICfn, ettg tutkimus sisBltM kahdeksan 
. ::.1 ..:*> <j$ verin&y&n&~k&~~. Tulefi noudattamaan tutklmuksen kuluessa saamiani ohjeita. mutta ,. ,_ 

..$,$j olek’vapaa keskeytUmcd8n osalli&&&ii tutkimukgeen If+@ tat\arYa. ,., Slj.. ^ .-. ,_ ,, ,, _ 
d ;:. .: e:>,; .;rg 

A& 
1 

‘, 
‘y>> ‘i ;y: ;$4$., *y!-& 2” 1 Paikka ja aika: 
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Appendix 2 
24.06.99 

Main meagurements by study visits 
I 

Variable -1wk Owk 1 wk 3wk 4wk 6wk 7wk 9wk 

Medical history x 

Interview of lifestyle X x 

Food record . X X X 

S-totchol x x x xxxxx 

LDL-chol * x x x x 

HDL-chol x x x xxxxx 

Triglycerides .x xxxxxxx 

Height X . : 

<I ?i 

Weight x x x x x 

Blood pressure IxIx1xIxIxlx x x 
I I 

I 
Perurn ral SoluDle 
vitamins I I Y I I il I T--/-J 

-*) calculated by Friedewald formula 
**) extra samples of serum for optional analyses 



Synrymtiaika: 

Osoite: 
-, 

“., , j_. 1: ., , ‘, 
; .- ,‘~’ ’ .,! ‘.‘, ___ .., ,’ 

Puh: : 
koti: 

muu: 

T~tlcirn~turuuq: I I I I I Tutkimusnumero: I 1 I I Tutkimusjakso: I I I I ---- --- 

Tutkimuskertx 0 vko Pvm(pv,lckJvw): I I I I I I I I I -------- r ,. x; ..” .., . j “^, ” . , ,,_ .^. , _,_ )) _ 

1. Sukupuoli (l= mies, 2= nainen) II 

2. Ildi (vuosina) 

I I I -- 

3. Koulutus 

0. v&emmiln Iolin kansakoulu 

1. kansakoulu tai peruskoulu ,” ,,. 
2. &mpi keskiaste (ammattikoulu, kansalaiskouh, oppikoulu) 

3. ylioppilas 

4. ylempi keskiaste 

5. ammattikq&qkoulu ,i( ,... ,*. ,. 

6. akateeminen loppututkinto 

7. muumikl? (. 

4. Lgi,W;irin tpt~zy+t,,,kro,o~iset sairaudet (mil!oi! todettu): .~ <...” 

- .,II.X. i.j. .I <**,.,~.^ .,_, i;x; “4 ,._‘\ ._,/., .__ I ,. ,. _j _. I 
P&sulkevia bvat: diabetes, maksa- ja munuaissairaudet, syapi, epatabiili sepel- 

valtimosairaus (alle kuosi infarktista, ohitusleikkauksesta tai pallolaajennushoidosta), TIA- 

kohtauksel hoitamaton kilpirauhasen vajaatoiminta tai muu lipidiaineenvaihduntaan 

vaikuttava sairaus. MY~S tuoka-aineailergiat kijataan t&Sin. 



- --p-..-...r.\v i 

1 ei 

7 kvfl%, satunnaisesti 
. . . . . . . . . - 

10. Savukkeiden/piipullisten mHPr% pC.Gissl 

11. Kuinka usein juotte oluttalsiideri~llonkeroa ? 

0 ei lainkaan 

1 p&vitt&n 

2 3-5 ketiaa viikossa 

3 1-2 kertaa viikossa 

4 pari kertaa kuukaudessn 

0 ei fainkaan 

1 pStiitt8in . 
2 3-5 kertaa yiikossa 

3 1:2 kertaa viikosqa 

4 pari kertaa kuukaudessa 

5 harvemmin 



VAIN NAISII I F 

18. Olettf zko raskaana tai suunnitteletteko hankkiutumista raskaak&? 

1. ei 2. kylEi 

Raskaus on t&kirnuksen poissulkukriteeri. 
_,.- j,. ,- . . 

: 

19. Kuink ;a pitki on kuukautiskiertonne ? 

1.1 I I -- I vrk, edellisten kuukautisten alkamisptiiv: Irn&EI I I III I I -- -- 
2. minulla I ei ole enad kuukautisia 

1. KIytZtteki5 hormonaalista ehklisy:? 



(I)aJLrnF ’ : ANALYYSITODISTUS 99020 I ,, * 
.“010.. 

: , ., ” ;, ., : - .c, ,. 1:1 /.. :. 

Antti KaipainenARL 19.3.1999 ,..., _,. ,x _,__, .I _’ 
Libajalosteet., Pouttu Oy 
I : Kuorettomat nakit, Lipo 898 

Saapunut 

Tilaaja 

2: . _. Kannuswucst~vupaleet, Lipo 89 8 

4.3.1999 

Anneli T&&en / CFS Technology Development 
Proiekktinro 

iiuosn!iytt& soveIIus Ghajalosteille. 
,.,-: 
.^ _i i Tulokset 

: 
.i 

Ks. Liite 1. 

NQtteet si&lsiv%t fhbstedia IL 1,3 %/lp ja stemleita yhte&ns% t,6 - 1,7 o/dt. 

Kommedit 
E!dellinen vskaava analyysi, ks. An&d. 980379,27.4.1998. 

Liithxt 
1. Tauluklco 1. Poutup makkarat, hydrolysoidut sterolit, %/lp. 



193.1999 
“_ .“, *,..-- ,” 

Nro 

Llsatledot 

Naytekoodi 

” Projektl Aslakas Tiiaaja 
990201 SITqgT FSD Anneli T&T&WI 

’ P&hin ma’itkafh Saapumlspvm 
>..z: 4.3.1999 

” tieyte Sitosterolin ja eraiden muiden sIerolien 
1 Kuorettomal nakit, Up0 898 
2 Kannuswufstiviipalee1 Lip0 898 

8 1 . 

C ;;i t 

0 1p 0.1 I 0.02 
I,3 I uz 

kn rp 0.1 1 a,02 $3 I 03 . 

SD 0.03 I I 
I 

RsD% 2 I I 
a) PoistettU luiostm k+erm+a Q-tesM penrslsefla. 



ANALYYSITODISTUS 990372 

‘, _ .,., : ” 
,, 

..I uruaJuIu3teeG Pouttn Oy 
1. Kuorettomat 2. 20.4.99ipakk.pv. 21.499 nakit, vahpv. 

Saapnnut IGgkvustiviipaleet, valm.pv. -. 20.4.99Ipakk.pv. 2 1.4.99 

22.4.1999 ‘FII--l- 

-._---- 

#.& m.. ’ : -- - 

iden muiden stadien GGanaIyy& siiyyfijohdoksina kid& 
~-- -----a --- -I” Uus lihabjttlostdc. 

TuIohet 
Ks.Liite 1. 

NQttce$ 1 ja 2 sis+v& p-sitosterolia 2,4 ja 2,1%& ja stcdeita yhteb 3,Oja2,7 X 

----- 

-r-*-fr”. 

._ -..___.. -. 
-. - .-. . . -_ . . -- 



24.5.1999 

NXU 

LlstItledot 

projekti Aslakai TilaaJa ’ 
990372 SIT0002T .F$D Annc 

Pwtun mekkarat II Saapumrrpvrn 
eli TCirr6nen .” ,. - 6 ‘a1 ,; r, 

22.4,!999 
NBytekoodi NQt9 Sitosterolin ja etiiden muiden s{ero!!,e~, ,_ , 

1 Kuorettomat nakit: valm.pv. 20.4.991pakk.pv. 214.99 
- - - -- 2 fQnnuswrstiviiialee1: valm.pv. 20.4-s t9/pakkpv. 21.4.YY 

\ I 

A 3.1 I 093 
I 2.9 1 02 



‘, 

c 
f 





T”TK,M”SMAKKARO,~E~ NA~Ti;rjii~~~~~. -- ‘~, ,;‘“,< _,,- ,_ ‘. - \ 

I 
! 

TUTKIMUSNAKKI- JAITAI LEIKKELEMAKKARAA SY6Di& 
TUTK~ll)USJA~~OJEti’AlK~N~ 

‘~ ‘i .’ ~~~~~~~~~.*.=~~~~‘.~~~~.....~........*........................,...,........,..,..,...........,......~.. 
_, 1 I .z 

-’ YHTEENSii 75 G PiilVhS& 
..I~=~~~*.*..~~-*~.=~.~......*............................,....,....................~..............,... 

CI Yksi nakkimakkara painaa 375 g ja leikkelemakkarasiivu painaa 12,5 g. 

o Paivan aikana voit siis syiida 2 kpl nakkimakkaraa tai 
6 siivua leikkelemakkaraa tai 
1 nakki*makkaran ja 3 siivua leikkelemakkaraa 

a Sy0 pBivit&inen tutkimusmakkara-annos 23:ifa aterialla. Ala siis sye koko annosta 
kerralla. 

a Syzi samanaikaisesti tutkimusmakkaroiden kanssa my& muuta ruokaa. 

o On t&ke%i, etta sy(st juuri ohjeessa mainitun rn%Hn tutkimusmakkaraa, ei enempsa eika 
vahempd& 

o SZdUyt5 tutkimusmakkarat kylmiissti (+ 4 OC). Avattu tutkimusmakkarapakkaus sgilyy 4- 
5 vuorokautta. 

o Korvaa tutkbnusmakkaroilla aiemmin ruokavaliossasi olleita makkaroita tai muita 
lihavalmistaita. 
Puolet tutkimusmakkaraannoksesta (37,5 g) vastaa: 

40 g lenkkimakkaraa (l/5 lenkkiti) 

40 g nakkimakkaraa’(1 nakki) 

40 @balkan, kinkkumakkara, lauantaimakkara, jahtimakkara (4 siivua) 
20 g meetvurstia (2 siivua) - 

,. 
40 g jauhelihapy&yk6ita, -pihveja, kebakpita (3 kpl IihapydtykWa, 1 pihvi, 1 kebakko) 

“_ 
45 g sika-nautajauhetihaa (30 g kypsana) 

50 g broileria nahkoineen (35 g kypsana) 

75 g makkarakastiketta (vajaa 1 dl) 

65 g stroganoftia (vajaa 1 dl) 
45 g karjalanpaistia (% dl) 

30 g leivitettya porsaankyljsta 
r~ S$jily& ruokailuto~umukset mllilta n-in t-.r.-----;---- B--L- k A1 . ’ 

- ------ ...-...U UaIII la~a~~u~~~a~st2ta KOKO wwmuksen ajan. 
‘,. , 



,. ,.. :/ .i 

.3. _c_^.‘.d. ‘, 

-r,,v.r.-...-..-. -~ I u I tyM~SVALMlSTElDEN KAYTTij JA MUU SEURANTA 
~..._._... 

, 

+ Merkitsp ~z:.,:ux:- Z- -1 1 ..- . 
= t~~wlm Ja XeFlOlttaln naUttimieSi lihavalmisteiden ma&3 alla olevaan taulukkoon. 

Merkitsc 
._ ! ,mYbS atertan nimi jOlta lihavalmisteet s8it. Voit k$jytta$j seuraavia Iyhenteit& A = aamiai- 

---. . ..-. 
nen, L = lounas, P = p~ivallinen, V = Wpaia, I = iltapala. Esimerkki: JOS Syat aamiaisella 1 Siivlln 

.) 

I wnnarawtwelena, lounpalla 1 nakkimakkaran ja p~ivtillisell~ 2 siivua makkaraleikkeletta, 

merkitse se oheiseen taulukkoon ensimmtiisen rivin esimerkin tavoin. 

+ Metkitse taulukkoon my&, jos tutkimusvalmisteiden nauttimisessasi, ruokavaliossasi, tiikunnassa- 

si, tenreydbntilassasi tms. on ollut jotain tavanomaisuudesta poikkeavaa. 

Viikot O-3 Jakso I I I I 
PvnWikon- MB&ii I MICA I 

.,. 
pS& Ateria Atsria 

Mltiti I Erityistti tutkirnusvs)misteiden-nsuttimi- 

Nakki 
Ateria 

1kpm 
‘sessa, ruokavaliossa, liikunnassa tms. 

22.3. MA 
Leikkele 1 kpUA 2 kpl/P 
Nakki 

Leikkele 

Nakki 

Leikkele 
Nakki 

Leikkele 

Nakki 

Leikkele 

Nakki r _(.,, _k ,- i / 

Leikkele 

Nakki i .xi/..il_ll..‘A.~, ,/, -+ ./. 

Leikkele 

Nakki 
Leikkele 

Nakki 

Leikkele 
- 

--- 
k 
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< , ., .7,.. .1 

TIIVISTELMA 

kutus kolestaroliainasnvaihduntaan ja verenpaineeseen kohtalaisessa sydtin- ja ve- 

risuonitsutiriskissi ol,avilla potilailla _- i 
,,1 _’ I. ;,: 

: ,, ‘, ” 
.Kirjoittajat: Essi Sarkkinen FT ja Niina Taio&‘t$o 

_, _- ,., ^, r.,, 

Tavoite 

Tarn&r tutkimuksen tarkoituksena oli selvitW vaharasvaisten ja v$&asuolaistan sek& Mul- 

t&en&& (mineraaleja + fysikaalisesti k&iteltyjQ m4ntytlljypetiisi8 kasvisterol&ta) sisam- 
vien lihavalmisteiden (leikkele- ja ruokamakkaran) vaikutuksia saerumin kokonais- ja lipo- 

proteiinien lipideihin ja verenpaineeseen tavanomalsiin lihavalmisteisiin verrattuna. 

.( Koehenkiliit 

Tutkimukseen rekrytoitiin yhteensl33 iWt#&r 30-6~vuotiista vapaaeht&a henkilb8, 
I_ ” 

joiila oli IievZtsti tai kohtalaisesti kohuila o&a seerum~n’ko@sterc$pitoisuus (kokonaiskola- 
. _.., -. 

ateroli 5,O-S,5 mmoUl ja t&ysehdit alle 3.0 mmofi), mutta~&&&&di~. Tutkimuksaen 

sovaitui 29 henkilW, joista 21 he&i&a (15 miesti ja 6 naista) suoritti tutkimuksen loppuun 

asti. KoehenkilOiden keski-ikti oli 50 -C IO vuotta ja heidln seerumin kokonaiskolesteroli- 

pitoisuus oli esivaihaen alussa 6,7 + 0,9 mmol/l. 

Tutkimusasetelma 

.Tutkimusasetelmana kaytettiin satunnaistettua, kontrolloitua, yksiiissokkoa toistettujen . . _ 
mittausten asatelmaa. l-2 viikon esivaiheen j8lkeen koehenkiltit nauttivat 3 kolmen viikon 

tuotejaksoa satunnaistetussa jarjestyksessa. Tuotejaksojen jajestys oli se&a&r: sitoste- ..-:.~ ,’ ,,; -$“, : ..,, :. : 
roli 1 jakso (kasvisterbieita 1.2 g Ipv), kontroilijak& <ii lis#tyjB~‘kasvist&c&ita) ja sitosteroli 

2 jakso (kasvisteroleita 2,l g/pv). 
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“i ? .( ,: 
Menetelm%t -,,. __ -’ .- ” : ,. . ., <.‘.. I,‘_ ,I.‘. ,,_ ;.. ,‘2 .,> : ‘.I,.. .’ _, i 

Ruokavalio ia tutkimustuotteet I.” I ..,.-,. k.‘,. ..,.,‘ a? IS”. * -, I. I- “,Y Pi “““.,;,,!~, ,,, _ , ,. ” -. 1 “. . . . . \;” ,. ,.. .I : ,., : ,. 

Koehenkilijt noudattjvat tutkimuselintarytkkaita lukuunottamat&hatdBn tavanbmaista ruo- ,.,, ,. J<., : ; ; , ‘,.\:’ ,X”,, ‘.‘ y..!y * : -.. 
kavaliotaan koko tutkimuksen ajan. He nauttivat kullakin tuotejaksolla yhteens9 75 g nak- 

kia ja/tai ieikkelemakkaraa pGivitt8in. Sitosteroli 1 ja 2 jaksojen makkarat olivat,.v+n@asvai- 

sia ja v8hCIsuolaisia ja niihin oli lisatty kasvisteroleita, kaliumia, kalsiumia ja magnesiumia. 

Kontrollijakson makkaroid& rasva- ja suolaRiioisuudet Olivat tavanomaiset. 

Muut tutkimusmenetelm~t . . _ .; *. .~. 

Tutkimuksessa tehdyt mittaukset ilmenevat loppuraportissa otevasta liiieesti 2. 

Tulokset 

Seerumin kokpnatskgt.asterolipitoisuus oli sitostamlj. 2 jakson topulla merkiiev&ti pienem- -<m ,.. A$.,,” : ,. j 
3 pi kuin kontrollijakson lopulla. My& seerumin LDL-kolesterolipitoisuus oli pienempi sitoste- 
.j 

,+j 
roli 2 jakson topulla kuin kontrollijakson iopulla, mutta ero ei ollut tilastpl~.~.~,me?titsev~. 

., “& Seerwnin HDL-krqlesteroli- ja triglysertdipitoisuudessa ei ollut jaksojen v&lill& eroja. Koe- 
~ 

,iY+~ -, “.;‘$ ‘.A ..‘,.‘,j henkibiden verenpaine ei muuttunut tutkimuksan aikana, ;*Ly : .&; “;,: d ““pi * ;‘$ ,> .’ ,,tg ..‘.fj :d KoehenktlOiden paino ja elintavat et&N mu,uttune+t t~muksen.~.~~~~~,,Ruokavaliossa oli “- .\XV>. .?T*-iij?~.. +,.r , ‘Q i ( : ,j -.: “, i ‘?,> eroja tutkimusjaksojen v&U, mutta ne johtuivat tutktmustuotteidan. valiiusta ,arWsest$ , 
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