Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



Comparison of rice bran oil margarine with Flora margarine
and Flora pro-activ® margarine for lowering cholesterol

A thesis submitted in partial fulfilment of the requirements for the
degree of

Master of Science
In
Human Nutrition

at Massey University, Turitea Campus, Palmerston North
New Zealand

Sarah Louise Eady

2008






Abstract

Phytosterols have been shown to be effective in reducing serum cholesterol
levels in numerous human clinical studies and regular consumption is
recommended as part of therapeutic lifestyle changes aimed at reducing low
density lipoprotein (LDL-C) in the treatment of hyperlipidaemia, a risk factor for
cardiovascular disease. Fat based spreads have been shown to be a very successful
vehicle for delivery of plant sterols, readily accepted by consumers and efficacious
in reducing cholesterol levels. Alfa One™ Rice Bran Oil (RBO) spread is a new
product entering into the market place. It is derived from rice bran oil and contains
high levels of unsaponifiable material rich in phytosterols, triterpene alcohols,
ferulic acid esters (y-oryzanol) and vitamin E isomers. As such it may have the

potential to lower serum cholesterol levels when consumed on a daily basis.

In order to establish the effectiveness of Alfa One™ Rice Bran Oil (RBO)
spread compared with Flora pro-activ® margarine, a well established brand of
plant sterol margarine already proven to lower cholesterol, a randomised double
blind cross-over human clinical trial over 12 weeks was conducted. The study was
divided into two treatment arms. The first arm of the study was to determine
whether Alfa One™ RBO spread (containing 1.5% plant sterols) could lower total
and LDL cholesterol levels to a greater extent than standard Flora margarine
(containing no plant sterols) or Flora Pro-activ® margarine (containing 8% plant
sterols). The second study arm tested the proposition that daily consumption of
Alfa One™ Rice Bran Oil (RBO) spread in conjunction with rice bran oil
(containing 0.5% plant sterols) would lower total and LDL cholesterol to a greater
extent than Alfa One™ RBO spread in isolation and more than Flora margarine in

conjunction with sunflower oil.

Eighty mildly hypercholesterolaemic individuals (total cholesterol
> 5 mmol/L and < 7.5 mmol/L) were recruited and randomised into two groups of

forty. Participants were asked to continue with their normal dietary pattern but to



replace any margarine/butter/fat consumption with the trial products. One group of
40 were then assigned to the first treatment arm of the study (margarine-only
group) and were randomised to consume 20 g (4 teaspoons) Alfa One™ RBO
spread daily for 4 weeks, or 20 g Flora margarine daily for 4 weeks, or 20 Flora
pro-activ® daily for 4 weeks. Phytosterol levels delivered in these amounts were:
RBO margarine: 118mg phytosterol and 14 mg y-oryzanol; Flora proactiv®

1600 mg phytosterol; Flora margarine Omg phytosterol. The second group of 40
were allocated to the second arm of the trial (margarine and oil group) and
consumed 20 g Alfa One™ RBO spread and 30 ml rice bran oil (RBO) daily for

4 weeks, or 20 g Flora margarine and 30 ml sunflower oil daily for 4 weeks, or

20 g Alfa One™ RBO spread daily for 4 weeks, changing treatment at the end of
each 4-week period. Phytosterol amounts delivered in these amounts were: RBO
margarine: 118 mg phytosterol and 14 mg y oryzanol; RBO 222mg mg
phytosterol, 150 mg y oryzanol. Each participant consumed all three treatments in
a random order over a 12 week period. At baseline and following each 4 week
intervention period, measurements were made of weight and blood pressure.
Venous blood samples were collected for analysis of total cholesterol, low density
lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C),
total cholesterol: HDL-C, triglycerides and plasma phytosterols. Three-day diet
records from each individual were also collected for analysis of normal dietary

intake.

Results showed that compared to a standard Flora margarine, Alfa One™
RBO spread significantly reduced total cholesterol by 2.2% (P=0.045), total
cholesterol:HDL by 4.1% (P=0.005) and LDL-C by 3.5% (P=0.016), but was not
as effective overall as Flora Pro-activ® which reduced total cholesterol by 4.4%
(P=0.001), total cholesterol:HDL by 3.4% (P=0.014) and LDL-C by 5.6%
(P=0.001). Consumption of Flora margarine alone produced no significant
decrease from baseline figures in any of the cholesterol parameters measured.
Surprisingly, in group two, the addition of rice bran oil to the Alfa One™ RBO
spread produced no differences in cholesterol levels. The reason for this

unexpected result is being explored further.
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These results confirm that Alfa One™ RBO spread is effective in lowering
serum cholesterol levels when consumed as part of a normal diet. Studies have
shown that a 1% reduction in LDL-C can equate to a 2% decrease in coronary
heart disease (CHD) risk thus suggesting that the 3.5% reduction demonstrated by
Alfa One™ RBO spread in this study could be effective in reducing CHD risk as

much as 6% in a mildly hypercholesterolaemic population.

111



Acknowledgements

I would like to thank the following people:

Dr Alison Wallace: Many thanks for all your help and support during the whole of
my MSc studies. Your expertise and encouragement has been invaluable. I really
appreciate all the effort and work you put in to give me the opportunity to do this
study and make this thesis a reality.

Dr Jane Coad: for your help, support and encouragement throughout the year

Dr Jinny Willis, Victoria Halliday and Lipid and Diabetes Research: Thank you for
your support and patience during the intervention period of the study. Your help and

experience with those difficult veins was much appreciated.

Phillipa Wadsworth: Your help and company during those long early mornings was
fantastic. Thanks for all your help organising the participants and keeping those

waiting times down to a minimum.

To all my work colleagues and friends: Thanks for listening to me talk about this
study for the last year and for your support and suggestions. Special thanks to Pieter
Demmers for his help with designing the information database, Dr Chris Frampton
for his help with the statistics and Martin Shaw for his expertise on the gas

chromatograph

To all the participants of the study: You were wonderful! Thanks for your co-
operation, your perseverance and your enthusiasm. It was a pleasure to have met

you all.

The support of the New Zealand Institute for Crop and Food Research and Old
Fashioned Foods Ltd is gratefully acknowledged.

v



Finally, to my boys: Colin, Arran, Jevan and Torbyn — as always your support and
love for your crazy wife and mother have been the things that have kept me going!
Thanks for putting up with my studies for the last five years and for keeping life in

perspective.



Contents

ADSTIACT ... i
ACKNOWIEAGEMENTS ..ot e e iv
CONTENTS. .. et e Vi
List of Tables. ..o e X
LISt OF FIQUIES. .. et e e e e e e Xiii
ADDIreviations. ... e
Chapter 1: Introduction.............couiiiii it 3
LT Study @lmS. .o 9
1.2 Study hypothesis........oouoiiniiii e 9
Chapter 2: Literature REVIEW. .. .......oviiiiie e e e 10
2.1 IntrodUCtiON. ...ttt 10
2.2: The pathophysiology of coronary heart disease...................ccooininne 13
2.2.1: Endothelial cell dysfunction..............c.ccooiiiiiiiiiiiiiiii, .13
2.2.2: The lipid hypothesis.........ouoiuiiiiii e 14
2.3: Inflammation and coronary heart disease.................cooevieiiiiiiiinn. 15
2.4 Aspects of metabolic syndrome and their

association with inflammation....................co 19
2.4.1 Visceral ObeSItY. .....oiuiinii i 19
242 Type 2 DIabetes. .. .ouueniieiiiiei e 20
PR T & %0155 4153 113 [0 ) o 21
2.44 Dyslipidaemia..........coiuiiiiiiiiii i e 21
2.5 Cellular markers of inflammation..................c..c 23

vi



P T B O (< Tot A S o) (0 1 1<) 1 s R 23
2.5.2 Haemostatic factors.............ooiiiiiiiiiiii i 23
2.5.3 Plasminogen activator inhibitor..............ooooiiiiiiiiiiiiiiii e, 24
2.5.4 Acute phase protein fibrinogen............c.oooeviiiiiiiiiiiiiiiiia, 24
2.5.5 HOMOCYSEEINEG. ...uuieiitiett ettt e ee e 24
2.5.6 Impaired fasting glucose.........coevvuiiiiiiiiiiiiii e 25
2.6 Dietary Lipids.....c.oouiiiiiiiiiiii e 26
2.6.1  Triglyceride. .....o.ovniieiii i 26
2.6.2 Cholesterol.........o.oiiiiiii i 27
2.6.3 Cholesterol intake............cooiiiiiiiiiiiiiii 28
2.6.4 Cholesterol absorption. .. ..........c.evuiiiiiiiiiiiiiiiieiienieanenns. 29
2.6.5 Cholesterol Synthesis...........couvvuiiiiiiiiiiiiiiiiii e, 31
2.6.6  Cholesterol eXCretion............o.vuiiiiuiiiiiiiiiiiiii e, 34
2.7 | B3101070) 0115311 T 35
2.7.1 Lipoprotein metaboliSm.............ooviiiiiiiiiiiiiiii e, 38
2.7.2  Chylomicron remnNants. .. .........coeveerueneineineitineeeeeneneeeenenn. 40
2.7.3 Very low density lipoproteins. ..........coceviuiiiiiiiiiiiiiiiiiiannne 42
2.7.4  LIPOPTOLEIN (@) ... .netneentett et e e et e 45
2.7.5 Low density lipoprotein cholesterol....................cooiiiiin... 45
2.7.6 High density lipoprotein cholesterol......................oo. 48
2.7.7 Reverse cholesterol transport.............ocoiiiiiiiiiiiiiiiiiiiaann, 49
2.7.8 Genetic variation in lipoOproteins. ... .......coeveiieienineineinennennenn 51
2.8  Dietand Cholesterol............ooiiiiiiiiii i 54
2.8.1 Saturated fatty acids...........coiiiiiiiiiiii 54
2.8.2 Monounsaturated fatty acids.............coiiiiiiiiiiiiii 55
2.8.3 Polyunsaturated fatty acids............ccooeiiiiiiiiiiiii 55

Vil



2.8.4 Trans fatty acidS.......o.oviiiiiiii i 57
2.8.5 Dietary cholesterol............ccoouiiiiiiiiii e 58
2.8.6 Dietary carbohydrate...............oooiiiiiiiiii 59
2.9  LDL-C reduction and pharmacological treatment therapies for CHD
TS 11800 ) s D 62
2.9.1  SHALINS. .ttt 63
2.9.2 Bile acids SeqUeSIIants..........co.vvuiiiiitiiieiii e 64
B D | To) 1 o B PP 64
2.9.4  FIDIates.....oouiniiii i 65
2.9.5 Cholesterol absorption inhibitors.................coovviiiiiiiiiiinin. 65
2.9.6  Fish O1lS...c.eoniii 65
2.10  Therapeutic options for lowering LDL-C.............c..coooiiiiinn. 66
Chapter 3: Phytosterols and their role in reducing CHD..................... 67
3.1 Phytosterol structure and function....................oooiii 67
3.2 Plant sterols in the natural diet....................ocooiiis, 71
33 The relationship of lowering cholesterol using plant sterols to a reduction in

34

3.5

3.6

3.6.1

3.6.2

3.6.3

3.6.4

the risk for coronary heart disease.................ocooiiiiiiiiiiL. 73
Further biological effects of plant sterols.....................oooiiian. 73
Interactions with drug therapies..................coooiiiiiiiiiiiiin 76
Rice bran oil....... ..o 76
PhytoSterols. . .ot 77

Gamma Oryzanol...........coiiiiiii i 77

Tocotrienol and Tocopherols. ..., 79

MINOT COMPONEILS. ... ettt ettt et eeeaennn 81

viii



3.6.5 Health benefits of rice bran o1l...........c.cuuru e 81

3.6.6 Plasma cholesterol reduction..............c.cooviiiiiiiiiiiiiiiiii., 81
3.6.7 Anti-cancer benefits..........ooiiiiiiiiii 84
3.6.8 Immune modulation............c.oovuiiiiiiiiiiiii 85
3.6.9  Anti-ulcerogenic Properties. ... ..o.ueueeneenriareeneenneeeeneaaneeneannnns 85
3.6.10 Neuroendocrinological effects...............coooiiiiiiiiiiiiiiin... 86
3.6. 11 OStEOPOTOSIS. .. uventttteetete et et et et e e et e et et e e e et enaeaas 86
3.6.12 Safety and tOXICIEY .. ..ouuiieiitiit i 86
3.7  Alfa One™rice bran oil spread..............cccoviiiiiiiiiiiiiiiin.. 87

Chapter 4: Methods

4.1  Candidates contribution to the research........................oo. 88
4.2 Ethical approval...........cooiiiiiii i, 88
43 PartiCipants. ... ... ..oouiiii e 88
4.4 Experimental design............ccoouiiiiiiiiii 89
4.5 Dietary compliance.........oouevuiiiiiiiii e 93
4.6 Trial products. ... ...o.oenii 93
4.7 ANALYSIS. . 96
4.7.1 Blood glucose and lipid analysis.............ccoceiiiiiiiiiiiiiian. . 96
4.7.2 Plasma plant sterol concentration...............cooeeieiiniiiiinieieannnn.. 97
4.7.3 Dietrecord analysiS..........o.eeuiiiiiiiiiii e 98
4.8 Statistical analysis..........couviuiiiiiiii 98
Chapter 5: ReSUITS. .. ... e e e 100
5.1 PartiCipants. .........oouii i 105

5.2 Lipoprotein results..........o.oiiiiiiiiii i 102



53 Dietary information. ..........o.eviiiiiiiiii e 105

5.4  Dietary intake: differences from baseline dietary intake................. 107
541 Total @NeIZY. ..o neinei i 108
5.4.2 Carbohydrate as a percentage of total energy....................coee.ne. 108
5.4.3 Protein as a percentage of total energy...............ccoceviiiiiiinn... 109
5.4.4 Total fat as a percentage of total energy..............cccooiviiiiiininnn 109
5.4.5 Saturated fat as a percentage of total energy....................c.oinil. 109
5.4.6 Monounsaturated fat as a percentage of total energy.................... 110
5.4.7 Polyunsaturated fat as a percentage of total energy...................... 110
5.4.8 Dietary cholesterol intake...............coooiiiiiiiiiiiiiii i 110
5.5  Consumer Opinion of trial products................coeiiiiiiiiiiiiiiii 111
Chapter 6: DISCUSSION. .. ... vt et ee e e e e re e e eae e 112

Chapter 7: CONCIUSION........ i e 118

APPENAICES .. .t e e 119

Appendix 1: Participant information booklets
Appendix 2: Participants check sheets and questionnaires

Appendix 3: Consumer opinion results

Bibliography ... ... 140



List of Tables

Table 2.1:

Table 2.2:

Table 2.3:

Table 2.4:

Table 2.5:

Table 2.6:

Table 2.7:

Table 2.8:

Table 2.9:

Table 2.10:

Table 2.11:

Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 4.1:

Table 4.2

Table 5.1:

Table 5.2:

Table 5.3:

Risk factors for the development of atherosclerosis

International Diabetes Federation. Definition of metabolic syndrome
Adipokines and their role in atherogenesis

Pro-atherosclerotic effects of oxidised LDL-C and the anti-
atherogenic effects of HDL-C

New Zealand reference values for lipids

Some factors affecting intestinal cholesterol absorption
Differential lipoprotein characteristics

Characteristics and functions of apolipoproteins

ApoC-III as a predictor of CHD

Genetic variation of different lipoprotein types and influences on
CHD

Classification of CHD risk and LDL-C goals

Studies evaluating efficacy of plant sterol enriched food products
Animal studies supporting the activity of plant sterols beyond LDL-C
reduction

Anti-cancer properties of phytosterols

Hypocholesterolaemic properties of rice bran and rice bran oil
Oil composition

Margarine composition

Study participant’s baseline characteristics

Changes to BMI duration of trial

Margarine only group: changes to lipid parameters
X1



Table 5.4:

Table 5.5:

Table 5.6:

Margarine and oil group: comparison of Alfa One™ RBO spread and
RBO to Flora and sunflower oil and Alfa One™RBO spread

Energy and nutrient composition of dietary intake: group 1 margarine
only

Energy and nutrient composition of dietary intake: group 2 margarine

and oil group

xii



List of Figures

Figure 2.1:
Figure 2.2:

Figure 2.3:

Figure 2.4:
Figure 3.1:

Figure 4.1:

Cholesterol

HMG CoA pathway

Interactions between SREBP, SCAP and Insig-1 in the membrane of

endoplasmic reticulum
Reverse cholesterol transport
Plant sterol structure

Diagrammatic representation of the trial

xiil



Abbreviations

ABC
Acetyl Co A
AGE
ALA
ALP
Apo
ATP
bHLH
BMI
BP

CE
CETP
CHD
CHO
CMR
CTD
DHA
DNA
EPA
FDA
FFA
FH
FPG
GI

GL
HDL-C
HIV
HMG-CoA
HsCRP
ICAM-1
IDL
Insig-1
IL

IR
LCAT
LDL-C
LDLr
Lp (a)
LPL
LRP
LXR
MCP-1
M-CSF
MetS
MOH
MUFA
NCEP
NF«p

adenosine triphosphate binding cassette
acetyl coenzyme A

advanced glycation end products
alpha linoleic acid

atherogenic lipoprotein phenotype
apolipoprotein

adenosine triphosphate

basic helix-loop helix

body mass index

blood pressure

cholesterol ester

cholesterol ester transfer protein
coronary heart disease
carbohydrate

chylomicron remnant

C-terminal domain
docosahexanoic acid
deoxyribonucleic acid
eicosapentaenoic acid

food and drug administration

free fatty acids

familial hypercholesterolaemia
fasting plasma glucose

glycaemic index

glycaemic load

high density lipoprotein

human immunodeficiency virus
3-hydroxy-3-methylglutaryl-CoA
C-reactive protein

intracellular adhesion molecule -1
intermediate density lipoprotein
insulin induced gene 1

interleukin

insulin resistance

lecithin: cholesterol acyltransferase
low density lipoprotein cholesterol
low density lipoprotein receptor
lipoprotein (a)

lipoprotein lipase

LDL receptor related protein

liver X receptor

monocyte chemo attractant protein-1
macrophage colony stimulating factor
metabolic syndrome

Ministry of Health
monounsaturated fatty acids
National cholesterol education programme
nuclear factor kappa beta



NHLBI
NIDDM
NO

NOS

Nz
PAI-1
PPAR
PPG
PUFA
RAGE
RAS
RBO
SCAP
SFA
SREBP’S
S1P

S2P

TG

TLC
TNF-a
TRF

US
VCAM-1
VLDL-C
WHO

National Heart, Blood and Lung Institute
non insulin dependent diabetes mellitus
nitric oxide

nitric oxide synthase

New Zealand

Plasminogen activator inhibitor 1
peroxisome proliferator activated receptor
post prandial glucose

polyunsaturated fatty acids

receptor of advanced glycation end products
rennin angiotensin system

rice bran oil

SREBP cleavage activating protein
saturated fatty acids

sterol regulatory element binding proteins
site 1 protease

site 2 protease

triglyceride

therapeutic lifestyle changes

tissue necrosis factor alpha

tocotrienol rich fraction

United States of America

vascular cell adhesion molecule-1

very low density lipoprotein cholesterol
World Health Organisation



