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ABSTRACT 

Medium chain triglycerides (MeT) have long been advocated as potential weight

lowering agents or potential tools in the treatment and prevention ofhuman obesity. 

These statements have been made after findings from human and animal trials that 

consumption of MeT increases energy expenditure and fat oxidation compared to long 

chain triglycerides (LeT). In addition, animal studies have resulted in lower body weight 

gain and smaller fat depots when animaIs were fed MeT compared to those fed LeT. 

However, long-term controlled trials studying the effects of consumption of MeT in 

humans have not been conducted and the longest trial to date, 14 d of duration, has shown 

that the effect of MeT on energy expenditure may be transient. Therefore, we aimed to 

determine whether, in controlled feeding conditions, consumption of MeT for 4 wk 

would lead to differences in energy expenditure and substrate oxidation versus 

consumption of an isocaloric diet rich in LeT. Furthermore, our aim was to establish 

whether consumption of MeT for 4 wk would lead to greater changes in body 

composition than would LeT consumption. We conducted two randomized, controlled, 

crossover feeding trials involving overweight women and men to test our objectives. A 

secondary objective was to examine the potential satiating effect of MeT, and this was 

tested in men. Finally, a third objective was to determine whether, when combined with 

phytosterols and flaxseed oil, MeT consumption would result in different blood lipid 

profile compared to LeT. Nineteen healthy overweight women and 24 healthy 

overweight men participated in two separate randomized controlled trials to test these 

objectives. Energy expenditure and body composition were assessed at the beginning 

and end of each experimental phases, which differed only in the type of fat included in 
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the controlled diets. Blood samples were also taken at baseline and endpoint of each 

phase to determine plasma lipid concentrations. ResuIts showed that energy expenditure 

and fat oxidation were increased with MeT relative to LeT consumption in both women 

and men. In women, this rise in energy expenditure did not resuIt in significant 

differences in changes in body composition, whereas in men, upper body adiposity was 

diminished to a greater extent with consumption of the diet rich in MeT compared to the 

one rich in LeT. The combination of MeT, phytosterols and flaxseed oil resuIted in a 

significant lowering of plasma total and low-density lipoprotein concentrations in both 

women and men and did not impact triglyceride concentrations. It can thus be concluded 

that consumption of an oil rich in MCT, phytosterols, and flaxseed oil can be considered 

a functional food in weight maintenance and prevention of weight gain while promoting 

cardiovascular health. 
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RÉSUMÉ 

Les acides gras à chaînes moyennes (AGCM) ont longtemps été proposés comme agents 

pouvant aider à la perte de poids ou pour le traitement ou la prévention de l'obésité 

humaine. Ces conclusions sont basés sur des résultats d'études chez les humains et les 

animaux qui démontraient qu'une consommation accrue d'ACGM augmente la dépense 

énergétique et l'oxydation des gras comparativement à une consommation égale d'acides 

gras à chaînes longues (AGCL). De plus, les études chez les animaux ont démontrés que 

les rats consommant les AGCM avaient un gain de poids plus faible et de plus petits 

dépôts adipeux que les rats consommant les AGCL. Par contre, des études à long terme 

vérifiant les effets d'une consommation d'AGCM n'ont pas été produites et la plus 

longue étude à date, durant 14 jours, a démontré que les effets des AGCM sur la dépense 

énergétique pouvaient être transitoires. Nous avons donc voulu déterminer si, dans des 

conditions contrôlées, une consommation élevée d'AGCM pour 4 semaines produirait 

une différence de la dépense énergétique et de l'oxydation des substrats comparativement 

à une consommation d'AGCL. De plus, notre objectif était d'établir si une 

consommation, sur une période de 4 semaines, d'AGCM mènerait à de plus grands 

changements dans la composition corporelle qu'une consommation d'AGCL. Nous 

avons produits deux études contrôlées, randomisées, en chassé croisées impliquant des 

femmes et des hommes ayant un surplus de poids pour vérifier nos objectifs. Un 

deuxième objectif était d'examiner l'effet des AGCM sur la satiété, et ceci a été testé 

chez les hommes. Finalement, un troisième objectif était de déterminer si, lorsque 

combiné à des phytostérols et de l'huile de lin, les AGCM produisent un profile lipidique 

différent des AGCL. Dix-neuf femmes en santé et ayant un surplus de poids et 24 
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hommes en santé ayant un surplus de poids ont participé à 2 études différentes, contrôlées 

et randomisées, pour tester ces objectifs. La dépense énergétique et la composition 

corporelle des sujets ont été analysées au début et à la fin de chaque phase expérimentale, 

qui différaient seulement dans le type de gras inclus dans la diète. Des échantillons 

sanguins ont été prélevés au début et à la fin de chaque phase pour déterminer les 

concentrations de lipides plasmatiques. Les résultats ont démontré que la dépense 

énergétique était plus élevée avec la consommation d'AGCM comparativement aux 

AGCL chez les femmes et les hommes. Chez les femmes, cette augmentation de la 

dépense énergétique ne s'est pas traduite en différences significatives du changement de 

composition corporelle, tandis que chez les hommes, l'adiposité du haut du corps était 

réduite de plus grande façon avec la consommation de la diète riche en AGCM qu'avec la 

diète riche en AGCL. La combinaison d'AGCM, de phytostérols, et d'huile de lin a 

causé une diminution significative des taux de cholestérol total et de cholestérol LDL 

chez les femmes et les hommes tout en n'ayant aucun impact sur le taux de triglycérides. 

Il peut donc être conclu que la consommation d'une huile riche en ACGM, phytostérols, 

et huile de lin peut être considérée comme aliment fonctionnel dans le maintien du poids 

corporel ou la prévention d'une prise pondérale tout en promouvant la santé cardiaque. 
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PREFACE 

This thesis examines the effects of an oil combining medium chain triglycerides (MCT), 

phytosterols, and flaxseed oil, on energy expenditure, substrate oxidation, and body 

composition compared to oils containing long chain triglycerides (LCT). As secondary 

and tertiary objectives, we examined the effects of an oil ri ch in MCT on satiety and on 

blood lipid profiles compared to an oil rich in LCT. 

The results of the trials conducted to test our objectives are presented in manuscript 

format. Each chapter of this thesis contains a review of the literature pertinent to each 

topic. Chapter 1 is a broad literature review spanning the effects of MCT consumption 

on energy expenditure, body composition, and satiety as a means of preventing weight 

gain. Chapter 2 reports the results of a randomized crossover controlled trial examining 

the effects of a 4 wk consumption of a diet rich in MCT versus LCT on energy 

expenditure and body composition in overweight women. Chapter 3 reports the results of 

a randomized crossover controlled trial examining the effects of a 4 wk consumption of a 

di et ri ch in MCT versus LCT on energy expenditure, body composition, and satiety in 

overweight men. Chapter 4 examines the effects of a 4 wk consumption period of an oil 

rich in MCT, phytosterols and flaxseed oil on blood lipid and aminothiol concentrations 

in overweight women and chapter 5 examines the effects ofthis oil on blood lipids as 

well as low-density lipoprotein partic1e size in overweight men. 
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This thesis ends with a general summary and conclusion as weIl as a description of the 

limitations of the results reported. This thesis is based on 2 published papers, 2 

manuscripts in press, and 2 manuscripts submitted to peer reviewed journals. 
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INTRODUCTION 

Triglycerides differ in their modes and rates of digestion and absorption depending on the 

chain lengths of their fatty acids. It is weIl understood that triglycerides are digested to their 

respective long or medium chain fatty acids in the gastrointestinal tract. However, the 

metabolic fate ofthese fatty acids differs. Long chain fatty acids (LCFA) must be 

repackaged as triglycerides into chylomicrons for transportation into the peripheral 

circulation, where they travel to extrahepatic tissues (Bach and Babayan, 1982). These long 

chain triglycerides (LCT) thus have a great potential for deposition into adipose tissue, where 

lipoprotein lipase breaks them down to LCF A for storage into adipose tissue. Medium chain 

fatty acids (MCF A) owing to their smaller size of 6 to 12 carbons, are more easily solubilized 

(Bach and Babayan, 1982) and do not require chylomicron formation for transportation 

across the intestinal mucosa (Babayan, 1987). Medium chain fatty acids are thus not 

transported throughout the lymphatic system and peripheral circulation but travel through the 

portal circulation directly to the liver. This mode of transportation renders MCF A less 

susceptible to deposition into adipose tissue and makes them highly and rapidly available for 

oxidation and energy production. In addition, medium chain triglycerides (MCT) do not 

require camitine for entry into the mitochondria, also leading to faster oxidation and a 

decreased likelihood ofundergoing elongation to LCT and deposition into adipose tissue 

(Babayan, 1987). 

These differences in modes of absorption and metabolism of LCT and MCT have prompted 

researchers to examine whether differences exist between LCT and MCT consumption on 

thermie effect of food and substrate oxidation in humans. Animal studies have also been 



conducted to determine whether the different transport systems for LCF A and MCF A result 

in differences in adiposity, weight gain, and fat cell size. Most human studies have 

established that MCT consumption leads to increased energy expenditure and fat oxidation 

relative to LCT consumption (Dulloo et al., 1996; Hill et al., 1989; Scalfi et al., 1991; Seaton 

et al., 1986; White et al., 1999) while animal trials have shown that animaIs fed MCT gain 

less weight, have smaller fat depots, and fewer fat cells than those fed LCT (Baba et al., 

1982; Crozier et al., 1987; Geliebter et al., 1983; Lavau and Hashim, 1978). Although it has 

been speculated that MCT could be considered functional foods in the prevention of obesity, 

no controlled clinical trial has been of sufficient duration to determine whether the rise in 

energy expenditure with MCT consumption results in significant changes in body 

composition. This thesis therefore focuses on the effects of MCT versus LCT consumption 

for 4 wk on energy expenditure, substrate oxidation, and body composition in overweight 

women and men. 

There have been sorne concerns regarding the effects of MCT consumption on plasma lipid 

concentrations and hence, cardiovascular disease risk. Sorne trials have observed increased 

triglyceride concentrations (Hill et al., 1989; Swift et al., 1992) while others have noted 

increased total (TC) and low-density lipoprotein (LDL-C) cholesterol concentrations (Cater 

et al., 1997) with MCT compared to LCT consumption. In order to circumvent these adverse 

effects of MCT consumption, we have added phytosterols and flaxseed oil to our diets rich in 

MCT. Phytosterols have been known to produce reductions in TC and LDL-C of 

approximately 10 and 13%, respectively (Moghadasian and Frohlich, 1999). Flaxseed oil, a 

rich source of n-3 fatty acids, may help prevent any rise that may occur in triglyceride 
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concentrations with MCT consumption. Therefore, a secondary objective ofthis thesis was 

to examine plasma lipid concentrations with MCT versus LCT consumption in overweight 

men and women. 
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1.1 ABSTRACT 

Medium chain fatty acids (MCF A) have long been known to be readily oxidized in the liver. 

Animal and human studies have also shown that the fast rate of oxidation of MCF A leads to 

greater energy expenditure (EE). Most animal studies have also demonstrated that the 

greater EE with MCF A relative to long chain fatty acids (LCF A) results in less body weight 

gain and decreased size of fat depots after several months of consumption. Furthermore, 

both animal and human trials suggest a greater satiating effect of medium chain triglycerides 

(MCT) compared to long chain triglycerides (LeT). The aim ofthis review is to evaluate 

existing data describing effects of MeT on EE and satiety and determine their potential 

efficacy as agents in the treatment ofhuman obesity. Animal studies are surnmarized and 

human trials more systematically evaluated since the primary focus of this article is to 

examine the effects of MeT on human energy metabolism and satiety. Hormones including 

cholescytokinin, peptide YY, gastric inhibitory peptide, neurotensin, and pancreatic 

polypeptide have been proposed as involved in the mechanism by which MeT may induce 

satiety; however, the exact mechanisms have not been established. From the literature 

reviewed, we conclude that MCT increase energy expenditure, may result in faster satiety 

and facilitate weight control when included in the diet as a replacement for fats containing 

LCT. 

Key words: medium chain triglycerides, satiety, energy expenditure, obesity 
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1.2 INTRODUCTION 

Differences in the metabolism of fats varying in fatty acid chain lengths have been well 

established (Babayan, 1987; Bach and Babayan, 1982; Dulloo et al., 1996; Flatt et al., 1985; 

Hill et al., 1989; Scalfi et al., 1991; Seaton et al., 1986; White et al., 1999). Medium chain 

triglycerides (MeT), containing 6 to 12 carbon fatty acids, differ from long chain 

triglycerides (LeT), which have fatty acids of more than 12 carbons, in that they are 

absorbed directly into the portal circulation and transported to the liver, for rapid oxidation 

(Babayan, 1987). LeT, however, are transported via chylomicrons into the lymphatic system 

allowing for much uptake into adipose tissue. Therefore, it has been hypothesized that the 

rapid metabolism of MeT may increase energy expenditure (EE), decrease their deposition 

into adipose tissue, and result in faster satiety. The objective of the present article is to 

review literature concerning the effects of MeT on EE, fat deposition and food intake as a 

means to establish the potential efficacy of MeT in the prevention of obesity in humans. 

1.3 EFFECT OF MEDIUM CHAIN TRIGLYCERIDES ON ENERGY 

EXPENDITURE 

Animal trials studying the effects of MeT versus LeT consumption on lipid and energy 

metabolism have shown that body weight (BW) is reduced with MeT consumption 

compared to LeT consumption and that feed efficiency is thus reduced (Lasekan et al., 1992; 

Mabayo et al., 1994; Rothwell and Stock, 1987). In a study in which animaIs infused with 

MeT gained one third of the weight gained by those infused with LeT, Lasekan et al. (1992) 

concluded that replacing LeT with MeT over long periods could pro duce weight loss 

without decreasing energy intakes. 
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Human studies have mostly compared the effects ofMCT versus LCT in single meal or 

single day experiments. Scalfi et al. (1991) evaluated the effects of a single mixed me al 

containing MCT on post-prandial thermogenesis and examined possible differences in the 

thermic response between lean and obese male subjects. Subjects consumed a meal 

containing 15% of energy from protein, 55% from carbohydrate, and 30% from fat, in the 

form of corn oil (CO) and animal fat or MCT oil (56% octanoate, 40% decanoate) in random 

order. Energy expenditure measurements were conducted prior to and for 6 h after 

consumption of the meal. Total EE was 48% and 65% greater in lean and obese individuals, 

respectively, after MCT compared with LCT consumption. Similar results were obtained by 

Seaton et al. (1986) comparing the effects ofMCT or CO on EE after a single meal. Energy 

expenditure peaked at 16% above baseline after MCT consumption compared to 5% for CO. 

Dulloo et al. (1996) investigated the thermogenic effects oflow to moderate amounts of 

MCT consumption in healthy adult males. Subjects were required to spend 24 h in a 

respiratory chamber on 4 separate occasions during which time diets differed in the ratio of 

MCT: LCT (0:30,5:25, 15:15,30:0) provided as added fat. The diet was given at a level1,4 

times energy requirements and the 30 g of added fat was distributed evenly across aU meals. 

The authors found that EE between 8 am and Il pm increased by 45, 135, and 265 kJ with 5, 

15, and 30 g ofMCT in the diet, respectively. Mean 24 h EE also increased by 162 and 475 

kJ with 15 and 30 g ofMCT in added fat. These results showed that the greater effects of 

MCT than LCT on EE are not only evident in the few hours following the me al but are 

longer-lasting. 
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Most results (Dulloo et al., 1996; Scalfi et al., 1991; Seaton et al., 1986) from single day 

experiments conc1ude that replacing LeT for MeT in the di et could pro duce weight loss after 

prolonged consumption. However, when Flatt et al. (1985) compared diets ri ch in MeT, 

LeT, and low in fat, they conc1uded that a low fat diet was more prudent when aiming for 

weight loss. However, MeT consumption resulted in greater EE at several time points 

compared to the low fat diet. 

Few trials have been conducted over longer periods. One ofthose studies examined energy 

balance during overfeeding liquid formula diets containing MeT (61 % octanoate, 32% 

decanoate) or LeT (32% oleate, 51% linoleate) for 7 d (Hill et al., 1989). EE was measured 

on d 1 and 6 for 10-15 min every 30 min for 6 h following meal consumption. The thermic 

effect of food (TEF) was identified as 8% of ingested energy after MeT consumption 

compared to 5.8% after LeT consumption on d l. After 6 d, TEF was 12% and 6.6% of 

ingested energy with MeT and LeT consumption, respectively. This study showed that the 

difference in EE between MeT and LeT persists, ev en after a week of overfeeding. 

The longest published study to date (White et al., 1999) aimed at determining whether fatty 

acid chain length influences EE and substrate oxidation in women over 14 d. Subjects 

consumed a controlled, weight maintenance diet containing 40% of energy as fat, either in 

the form of butter and coconut oil (MeT; 38.9% offatty acids contained chains with less 

than 16 carbons) or beeftallow. Energy expenditure was measured over a 30 min period 

prior to and for 5.5 h following breakfast. Post-prandial total EE following MeT 
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consumption was greater than after LCT consumption on d 7 but not d 14. It was concluded 

that the effects of MCT consumption on EE may be transient. 

AlI animal studies (Lasekan et al., 1992; Mabayo et al., 1994; Rothwell and Stock, 1987) and 

most human studies (Dullloo et al., 1996; Hill et al., 1989; Scalfi et al., 1991; Seaton et al., 

1986; White et al., 1999) have shown that MCT consumption increases EE when compared 

to a meal containing LCT. Studies that have found greatest differences in EE with MCT 

compared to LCT consumption also concluded that MCT could be used in the treatment or 

prevention ofhuman obesity (Dullloo et al., 1996; Scalfi et al., 1991; Seaton et al., 1986). 

However, the studies conducted to date have been of short duration, ranging from a single 

meal (Dullloo et al., 1996; Flatt et al., 1985; Scalfi et al., 1991; Seaton et al., 1986) to several 

days (Hill et al., 1989; White et al., 1999). Whether effects ofMCT on EE and RQ are long

lasting and result in actual measurable and sustainable changes in body composition of 

humans remain to be established. 

1.4 EFFECT OF MEDIUM CHAIN TRIGLYCERIDES ON FAT DEPOSITION 

Given that feed efficiency studies in animaIs and energetic studies in humans indicate 

enhanced EE following MCT consumption (Dullloo et al., 1996; Flatt et al., 1985; Hill et al., 

1989; Lasekan et al., 1992; Mabayo et al., 1994; Rothwell and Stock, 1987; Scalfi et al., 

1991; Seaton et al., 1986; White et al., 1999), additional work has examined whether 

increased EE translates into decreased fat mass. Results from these studies showed that in 

animaIs consuming MCT, BW were lower, fat depots smaller (Baba et al., 1982; Crozier et 

al., 1987; Geliebter et al., 1983; Lavau and Hashim, 1978) and adipocyte size decreased 
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(Baba et al., 1982; Crozier et al., 1987) with MCT compared to LCT consumption. These 

results led authors to conclude that MCT could potentially prevent (Crozier et al., 1987) or 

control (Lavau and Hashim, 1978) obesity in humans. However, MCT consumption has not 

been observed by Hill et al. (1989) to cause greater weight loss than lard, CO, or fish oil 

(FO). Body adipose tissue during the first 3 mo was not different between groups but after 6 

mo, the group fed FO had lower body fat than aIl other groups. Also, MCT storage tended to 

decrease with duration of feeding. From these results it was concluded that although both FO 

and MCT feeding resulted in small fat cells, only FO feeding was associated with inhibition 

of cell proliferation. 

Only one study evaluated the ability of MCT to facilitate weight reduction in humans (Yost 

and Eckel, 1989). Sixteen obese women consumed MCT (58% octanoate, 22% decanoate) or 

LCT (soy oil) in random order for either 4 wk ifthey were inpatients or 12 wk ifthey were 

outpatients, at a level of 191 kJ/d. There was no difference in weight loss or rate of weight 

loss between diets. It was thus concluded that a liquid diet containing 24% of energy as 

MCT failed to increase the rate ofweight loss when compared to LCT. This lack of 

agreement with animal trials and EE experiments may have been due to the low fat content of 

the diets, which contained 1.5 g of total fat/d, of which 1.2 g was treatment fat or to gender 

differences in the effects ofMCT. Differences detected in EE with MCT and LCT 

consumption are considerably greater in males than females. When data are extrapolated 

from trials conducted on men (Dullloo et al., 1996; Hill et al., 1989; Scalfi et al., 1991; 

Seaton et al., 1986), average EE was approximately 460 kJ/d greater with MCT than with 

LCT consumption, with a peak difference between treatments at of 669 kJ/d (Hill et al., 
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1989). In contrast, data from White et al, who studied femaie subjects, found differences in 

EE of 138 kJ/d between MCT and LCT consumption. Our own work with overweight 

female subjects aiso reveals a difference in EE of approximately 188 kJ/d (St-Onge et al., 

2001, abstract). From these preliminary data, it appears that women respond less readily to 

treatment with MCT than men. 

1.5 EFFECT OF MCT ON FOOD INTAKE AND SATIETY: Animal studies 

Lower weight gain and decreased fat depot size with MCT feeding compared to LCT feeding 

in animaIs have been attributed to two different effects of MCT, increased EE and decreased 

food intake. Satiety may aiso be affected by fatty acid chain Iength of dietary fat. Bray et al. 

(1980) observed greater feed intake when LCT were included in the diets of the rats 

compared to diets containing MCT. After 80 d ofbeing fed diets containing 60% ofenergy 

from CO, MCT, or a mixture of the two, rats fed the CO and the CO-MCT diets had greater 

BW than those fed the MCT di et aione. It was concluded that rats fed the MCT di et ate 

fewer calories and that B-hydroxybutyrate may play a role in the difference in food intake 

between MCT and CO fed rats. 

Following from these results, Maggio and Koopmans (1982), in 1982, conducted a study to 

clarify the origin and the nature ofthe signaIs that terminate short-term food intake of mixed 

meals containing triglycerides (TG) with fatty acids of different chain lengths. Sprague

Dawley rats were intragastrically intubated and given free access to a liquid di et containing 

21 % of energy as fat. The TG infusions consisted of 70% TG (tributyrin, tricaprylin, or 

triolein in different concentrations) and 30% carbohydrate. The authors found that shifting 
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chain length from medium to long did not differentially affect food intake when the infusions 

were equicaloric. Therefore, it was concluded that satiety may be related to the number of 

calories ingested rather than to the physical characteristics of the specific nutrients. This 

contrasts results obtained by Denbow et al. (1992). Here white leghorn cockerels were 

infused intrahepatically or intubated intragastrically with isocaloric quantities tributyrate, 

tridecanoate, or trioleate and their feed consumption measured. Feed consumption with SCT 

and MCT infusion was suppressed within 1 h after intrahepatic infusion until 180 min. 

However, when infusions were given intragastrically, only SCT was effective in decreasing 

feed intake. The authors concluded that these results reflect the relatively rapid rate of 

digestion and absorption of short chain fatty acids (SCF A) from the gut along with oxidation 

of SCF A by the 1iver. 

Furuse et al. (1992) also investigated the effects of two different levels of MCT on feed 

intake in rats. They further examined endogenous cholecystokinin's (CCK) capacity to 

modulate feed intake with MCT. Feed intake of male Wistar rats fed diets containing CO, 

MCT, or a 1:1 mixture of CO and MCT was determined every hour for 12 h and then at 2 h 

intervals for the following 12 h. In a separate trial, Devazepide (DVZ), a CCK-A receptor 

antagonist, was intraperitoneally injected 40 min before feeding and feed intake was 

measured at 1, 2, 3, and 6 h post-injection. Feed intake decreased in a dose-dependent 

manner with increased concentration of MCT in the di et and was enhanced 2 h after DVZ 

injection. After 3 h, feed intake with the MCT diet was less than after the CO di et. It was 

thus concluded that satiety is affected by carbon chain length in dietary TG sources. 
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1.6 EFFECT OF MCT ON FOOD INTAKE AND SATIETY: Human studies 

If MCT consumption enhances satiety and decrease food intake satiety in animaIs, an 

equivalent response might be expected in humans. Stubbs and Harbron (1996) have 

examined whether the effects of ingesting MCT can limit the hyperphagia associated with 

high-fat, energy-dense diets in humans. Six men participated in a three-phase inpatient trial 

in which they had ad libitum access to experimental high fat foods (61.5% ofenergy as fat) 

for 14 d. Each experimental phase differed in the amount of MCT included in the diet; either 

low, medium or high MCT content with 20%,31 % and 40%, respectively, of total energy as 

MCT. Subjects consumed 15.1 MJ and 17.6 MJ less on the di et containing the most MCT 

compared to the diets containing the Iow and medium amounts ofMCT, respectively, over 

the 14 d period. Body weights on low and medium MCT diets increased by 0.45 and 0.41 

kg, respectively, and decreased by 0.03 kg with the high MCT content di et. Food and energy 

intakes were thus suppressed when two thirds of the fat content of a high-fat diet was derived 

from MCT, but BW were not affected. 

Another clinical trial (Van Wymelbeke et al., 1998) aimed to establish the influence of chain 

length and degree of saturation on food intake in normal weight men. Breakfasts differing in 

the nature of the fat; olive oil, lard, MC T, or a fat substitute served and food intake at lunch 

and dinner was measured. Energy intake at lunch was lower after the MCT-containing 

breakfast than after all other breakfasts (3100 kJ vs 3715 kJ with the fat substitute, 3278 kJ 

with olive oil, and 3798 kJ with lard) but there was no difference in food consumption at 

dinner. 
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1. 7 HORMONES INVOLVED IN THE SATIATING EFFECT OF MEDIUM AND 

LONG CHAIN TRIGLYCERIDES 

Clinical trials (Stubbs and Harbron, 1996; Van Wymelbeke et al., 1998) have thus shown that 

MCT consumption can lead to lower energy intakes but failed to explore the underlying 

mechanism. More recently, research has focused on specifie hormones that may be involved 

in the satiating effect of MCT. McLaughlin et al. (1999) examined the relationship between 

fatty acid chain length, CCK secretion, and proximal and distal gastric motor function. 

Fifteen healthy volunteers were studied for their response to a control meal and orogastric 

infusion of250 mL ofa 0.05 moliL fatty acid emulsion. It was found that fatty acid 

emulsions containing fatty acids of Il carbon chains and less did not increase plasma CCK 

concentrations compared to the vehic1e whereas LCF A did. This study showed that the 

human proximal gut differentiates between fatty acid molecules, however, does not support 

the role of CCK in mediating the satiating effect of MCT. 

Several other studies have also reported that MCT do not stimulate CCK secretion in humans 

(Barbera et al., 2000; Maas et al., 1996; Maas et al., 1998) and trials have attempted to 

establish which hormone is responsible for the observed effects of MCT on food intake. 

Barbera et al. (2000) compared effects of MCT and LCT on sensations of satiety, gastric 

tone, gastric inhibitory peptide (GIP), pancreatic polypeptide, and CCK. Nine subjects were 

infused with either saline, LCF A (mainly oleate and linoleate), and MCF A (octanoate and 

decanoate) on three separate occasions in random order. LCF A infusion resulted in greater 

rise in satiation than MCF A but there was no difference between the two fats on perception 

of fullness and bloating. The rise in gastric volume was also greater with LCF A infusion 

than MCFA infusion. Similarly, LCFA increased baseline levels of plasma CCK, GIP, 
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neurotensin, and pancreatic polypeptide compared to saline and MCF A, whereas MCF A 

infusion did not. It was thus concluded that MCF A induces gastric relaxation without 

increasing satiation or plasma levels of gut hormones. However, since Stubbs and Harbron 

(1996) and Van Wymelbeke et al. (1998) have shown lower food intakes with diets ri ch in 

MCT, it is likely that other factors play a role in regulating energy balance with MCT 

consumption. 

Maas et al. (1998) examined effects of MCF A and LCF A on peptide YY (PYY) release to 

determine whether PYY, which inhibits gastric acid secretion in humans, is involved in the 

enterogastrone effect of MCF A. These investigators had previously observed that infusions 

of MCF A suppressed gastrin-stimulated gastric acid secretion without the involvement of 

CCK (Maas et aL, 1996). Fourteen men were intraduodenally infused for 2.5 h with MCF A 

(56% octanoate, 43% decanoate), LCFA (CO), or saline in random order. The caloric loads 

differed between MCF A and LCF A infusions, the former providing a load of 11.6 kJ/min and 

the latter providing a load of22.7 kJ/min. Both infusions increased plasma levels ofPYY, 

however, LCFA resulted in a greater increase than MCFA infusion (10.3 vs 2.8 pmol/L). 

LCF A inhibited gastrin-stimulated gastric acid secretion by 4.1 mmol/15 min compared to 

2.7 mmol115 min for MCFA. PYY is therefore involved in the enterogastrone effect of 

MCF A, however, MCF A are less potent at inducing PYY release than LCF A. Greater 

induction of PYY release by LCF Amay be due to CCK discharge by LCF A, since CCK has 

been shown to stimulate PYY secretion. Other hormones may thus be involved in the 

mechanism by which MCF A inhibit gastric acid secretion yet, except for GIP, which is not 

released in response to MCF A, these have not been studied. 
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Recently, Feinle et al. (2001) have investigated the ability of TG with fatty acids ofvarying 

chain lengths to induce gastrointestinal sensations and symptoms. Five different infusions 

were studied; LCT (soybean oil), MCT, soy lecithin, Orlistattm and sucrose polyester. LCT 

and MCT both increased gastric volume, with LCT causing the greater rise. AlI infusions 

resulted in increased feelings of fullness, bloating and nausea, and decreased hunger but were 

most pronounced with LCT infusion. It was concluded that the mechanism of action of fat in 

the generation of gastrointestinal symptoms required digestion of TG. Furthermore, since 

MCT do not release CCK yet affect sensations offullness, bloating and nausea, CCK

dependent and CCK-independent mechanisms must be involved. 

It is thus well established that, in humans, MCF A do not stimulate CCK secretion. 

Therefore, CCK must not be the hormone responsible for their satiating effect (McLaughlin 

et al., 1999; Barbera et al., 2000; Maas et al., 1996; Maas et al., 1998; Feinle et al., 2001). 

Although MCT have been shown to induce satiety and to stimulate hormone secretion, no 

one particular hormone has been found to be strongly secreted due to MCT digestion. PYY 

has been found to be secreted in response to MCF A yet it is still more potently secreted in 

response to LCT (Maas et al., 1998). 

1.8 POTENTIAL BENEFITS TO CONSUMPTION OF MEDIUM CHAIN 

TRIGLYCERIDES ON BODY WEIGHT 

There is evidence to suggest that short-term consumption ofMCT increase EE in humans 

(Scalfi et al., 1991; Seaton et al., 1986; Dulloo et al., 1996; Hill et al., 1989; White et al., 

1999) and results in decreased fat cell size and body weight accretion in animaIs (Baba et al., 
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1982; Crozier et al., 1987; Geliebter et al., 1983; Lavau and Hashim, 1978; Hill et al., 1993; 

Bray et al., 1980). Hurnan studies have shown that replacing dietary LCT with MCT results 

in an increase in daily energy expenditure of 100 kJ (Flatt et al, 1985) to 669 kJ (Hill et al., 

1989) in men and 138 kJ/d (White et al, 1999) in women. Studies examining the satiating 

effect of fats of different chain lengths found that energy intake was approximately 1070 kJ 

lower when meals contained MCT than when they contained LCT as fat source (Stubbs and 

Harbron, 1996). Van Wymelbeke et al. (1998) found that intakes were 175 to 698 kJ lower, 

depending on the chain saturation of the LCT, at the subsequent me al when MCT substituted 

LCT. Therefore, in the most optimistic scenario where EE would be increased by 669 kJ/d 

(Hill et al., 1989) and intakes decreased by 698 kJ/d (Stubbs and Harbron, 1996), then a 

weight gain of 1.35 kg/mo could be avoided by replacing LCT with MCT in the di et. On the 

other hand, the least optimistic scenario would give an increase in daily EE of 100 kJ (Flatt et 

al, 1985) and decreased daily food intake of 350 kJ/d (2 subsequent meals at 175 kJ less 

each, Van Wymelbeke et al., 1998). In this case, a weight gain of 0.45 kg/mo would be 

avoided (Figure 1-1). If we project these data to long-term weight balance, a negative 

weight balance of 5.4 to 16.2 kg/y would be produced. However, more work is needed to 

establish whether prolonged consumption of MCT results in a decrease in BW or smaller 

weight gain compared to LCT. 

1.9 SUMMARY 

In summary, research conducted to date in animaIs show that replacing dietary LCT by MCT 

causes a rise in EE, depression of food intake and lower body fat mass. Similarly in humans, 

MCT increase EE relative to LCT consumption. Fewer studies have examined the effects of 
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MCT on satiety but, although results vary, these also suggest decreased food intake when 

LeT are replaced with MeT in the di et. Therefore, greater EE and lower food intake with 

MeT compared ta LeT suggest that replacing dietary LeT with MCT could lead ta better 

weight maintenance in humans. 
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1.10 FIGURE LEGEND 

Figure 1-1 

Replacement of dietary long chain for medium chain triglycerides can lead to increases in 

energy expenditure and satiety level. Energy expenditure can be increased by up to 460 kJ/d 

and decreased food intake by 175 to 698 kJ/d. The combination of increased energy 

expenditure and satiety can lead to prevention of body weight gain. 

19 



Figure 1-1. 

Replacement of dietary LCT for MCT 

Increased EE 
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Negative energy 
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BRIDGE 1. 

Most research trials examining the effects of medium chain triglyceride versus long chain 

triglyceride consumption have shown that intakes of a meal rich in medium chain 

triglycerides increase energy expenditure and fat oxidation compared to a me al rich in long 

chain triglycerides. However, the longest trial conducted to date, spanning over 14 d, 

showed that there may be an attenuation of the effects of medium chain triglyceride 

consumption on energy expenditure after 14 d of intake. Moreover, methodological 

limitations have prevented direct observation of the effect of the rise in energy expenditure 

on body weight and adiposity. Since medium chain triglycerides have only been studied for 

short durations, ranging from one meal to 14 d, and since their effect on energy expenditure 

is reportedly smaIl, it has not been possible to identify actions of medium chain triglycerides 

on body weight. Accordingly, it was proposed to conduct a trial of longer duration, 27 d, to 

observe whether the increased energy expenditure observed with medium chain triglycerides 

would occur during both acute and chronic intakes. Furthermore, it was attempted to 

determine whether elevated energy expenditure with medium chain triglycerides relative to 

long chain triglycerides would translate into actual body weight changes as weIl as specifie 

changes in regional adiposity. The use of magnetic resonance imaging to examine changes 

in body composition allows measurement of small changes in adiposity and is therefore the 

most precise and appropriate method to assess the effects of medium chain triglycerides 

versus long chain triglycerides on body composition. The first trial reported was conducted 

in overweight women (n=17). Feeding periods extended over 27 d and compared beeftallow 

as a source of saturated long chain triglycerides to a functional oil combining medium chain 

triglyceride oil, coconut oil, butter, flaxseed oil, and phytosterols. Both diets were identical 
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except for the quality of the treatment fat and were designed to pro vide aH nutrients and 

essential fatty acids in amounts that met the Canadian recommendations for nutrient intakes. 

Phytosterols were included in the medium chain triglyceride-containing diet in order to 

prevent a potential rise in plasma total and low-density lipoprotein cholesterol concentrations 

that has been observed in previous feeding studies involving medium chain triglycerides. 
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2.1 ABSTRACT 

The objective of this research is to determine the effects of long-term consumption of 

medium chain (MCT) versus long chain triglycerides (LCT) on energy expenditure (EE), 

substrate oxidation and body composition. Our hypothesis is that MCT consumption will not 

result in greater EE, substrate oxidation, and body weight loss compared with LCT 

consumption. Seventeen healthy obese women participated in this randomized, crossover 

inpatient trial. Meals were prepared and consumed on site for two periods of 27 d. Diets, 

containing 40% of energy as fat with treatment fat comprising 75% of the total fat, were 

designed to supply each subject with their individual weight-maintaining energy needs. The 

functional oil (FctO) di et contained 67% oftreatment fat as MCT oil (49% octanoate, 50% 

decanoate) whereas the control di et contained exclusively beef tallow (BT) as treatment fat. 

Body composition was assessed by magnetic resonance imaging (MRI) on d 1 and 28 of each 

phase while energy expenditure was measured on d 2 and 27. Changes in total and 

subcutaneous adipose tissue volumes following consumption of FctO and BT were not 

different (-0.61 ± 0.38 L vs -0.54 ± 0.48 Land -0.58 ± 0.35 L vs -0.48 ± 0.40 L, 

respectively). Average EE and fat oxidation were greater (p<0.05) during FctO than BT 

consumption (0.95 ± 0.019 versus 0.90 ± 0.024 kcal/min, respectively, for EE and 0.080 ± 

0.0026 versus 0.075 ± 0.0022 g/min, respectively, for fat oxidation). These results show that 

long-term consumption of FctO enhances EE and fat oxidation in obese women, when 

compared to BT consumption. The difference in body composition change between FctO 

and BT consumption, although not statistically different, was consistent with differences 

predicted by the shifts in EE. It can be concluded that substitution of FctO for BT, rich in 

LCT, in a targeted energy balance diet may prevent long-term weight gain via increased EE. 
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2.2 INTRODUCTION 

The contribution of dietary fat to daily caloric intake has long been recognized. Diet fat is 

efficiently stored, being an important factor in the growing problem of obesity in North 

America. However, aU fats may not be partitioned for storage with similar efficiency. 

Animal studies have shown decreased weight gain and smaUer fat depots with medium chain 

triglyceride (MCT) consumption compared to long chain triglyceride (LCT; Crozier et al., 

1987; Geliebter et al., 1983; Hashim and Tantibhedyangkul, 1987), thus, suggesting a lower 

feed efficiency ofMCT. The more rapid oxidation ofMCT also results in greater energy 

expenditure CEE) when compared to LCT in both animaIs (Baba et al., 1982; Geliebter et al., 

1983; Lasekan et al., 1992; RothweU and Stock, 1987) and humans (Dulloo et al., 1996; 

Seaton et al., 1986; Scalfi et al., 1991; White et al., 1999). Greater EE and lower respiratory 

quotients (RQ) in humans consuming single or several meals containing MCT compared to 

LCT have been observed by various groups (Dulloo et al., 1996; Seaton et al., 1986; Scalfi et 

al., 1991). MCT consumption resulted in thermie effect of food (TEF) close to 50% greater 

compared to LCT consumption in men consuming MCT or LCT containing diets for up to 7 

d (Hill et al., 1989). The results ofthese short-term studies on both animaIs and humans have 

prompted researchers to conc1ude that consumption ofMCT, found in butter and coconut oil, 

may be useful in the treatment or prevention of weight gain associated with the development 

of obesity. However, studies have been of limited duration; with few experiments exceeding 

7 d. One controlled study (White et al., 1999) showed that the difference in EE between LeT 

and MCT consumption is reduced after 14 d of consumption compared to 7 d. The same 

researchers, using doubly-labeUed water methodology to assess total energy expenditure 

(Papamandjaris et al., 1999), found no difference between MCT and LCT consumption on 
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total EE (2246 vs 2186 kcal/d, respectively) after one week of intake. However, close to 

60% of the fatty acids in the high MeT diet contained 16 or more carbons, while only 8% 

were octanoic and decanoic acids (White et al., 1999). The similar fatty acid composition of 

the diets may explain this lack of agreement with previous research. 

In light of the findings on EE and fat oxidation with short-term MeT consumption, we 

expect that long-term consumption of MeT would result in negative energy balance. This 

would ultimately lead to different body weight trajectories with MeT consumption showing 

negative energy balance and decreased body weight and LeT consumption showing 

equilibrium and no body weight change. Assuming that the EE with consumption of 

triglycerides containing octanoate and decanoate remains elevated relative to LeT and that 

little or no adaptation occurs, then a weight loss in the order of 0.67 kg/mo of consumption 

can be predicted by replacing LeT with MeT in the diet (Dulloo et al., 1996). Tsuji et al. 

(2001) recently reported a difference in body weight of 0.80 kg after 4 wk of consumption of 

a di et containing MeT compared to one with LeT. However, this study was not crossover 

and diets were not precisely controlled. 

The present objective was therefore to determine whether MeT, when compared to LeT, 

consumption influences EE and substrate oxidation in overweight women consuming a 

controlled diet, targeted to meet energy balance, rich in MeT or LeT for 27 d. The specific 

aim was to establish whether a difference exists between MeT and LeT on EE and substrate 

oxidation in obese women and, if such a difference exists, whether it results in changes in 

body composition. 
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2.3 SUBJECTS AND METHODS 

2.3.1 Subjects 

Seventeen healthy obese women (mean age ± SEM = 44.3 ± 3.8 yrs, mean body mass index 

= 31.8 ± 0.9 kg/m2
) were recruited by advertisement (Table 2-1). Subjects accepted into the 

study had plasma total cholesterol and triglyceride concentrations below 7.0 mmol/L and 3.0 

mmol/L respectively, were not taking cholesterol-Iowering drugs, had no history of 

cardiovascular disease, and did not report having diabetes, gastrointestinal, or thyroid 

problems. Subjects were required to have been weight stable in the past 3 mo and not 

perform more than 5 sessions of physical activity per week. The study protocol was 

approved by the Human Ethical Review Committee of the Faculty of Agriculture and 

Environmental Sciences of McGill University and aIl subjects signed informed consent forms 

prior to entrance into the protocol. 

2.3.2 Study design 

This study was a randomized, crossover trial in which subjects became inpatients at the Mary 

Emily Clinical Nutrition Research Unit (CNRU) of McGill University (Ste-Anne-de

Bellevue, Canada) for two phases of27 d each. During each experimental phase, subjects 

were required to reside in and consume an meals provided by the CNRU, but were not 

confined to the unit. Subjects were permitted to leave the research unit for work or to attend 

classes, although they were required to remain at the CNRU after the evening me al. Subjects 

were instructed that any physical activity performed in one experimental phase had to be 

repeated at the same intensity level and on the same day of the next experimental phase. 
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Activity outside ofthe unit was not controlled, however, subjects were instructed not to 

deviate from habituallevels. 

Meals were provided as a 3 d cycle menu. Subjects consumed an amount of energy required 

to maintain weight as calculated using the Mifflin equation (Mifflin et al., 1990) with an 

activity factor of 1.7. The activity factor was chosen since our group has shown that a factor 

of 1.7 was appropriate for weight maintenance (Bell et al., 1985). Energy intake was 

adjusted for weight gain or loss during the first 7 d of the first phase of the research and 

remained constant for both phases thereafter. As a result, subjects consumed the same 

number of calories during both phases. Diets contained 40% of energy as fat, 15% as protein 

and 45% as carbohydrate. Of the total amount of fat, 75% was derived from either beef 

tallow (BT) or a blend of saturated and unsaturated vegetable oils (FctO). In the FctO diet, 

50% of the total fat was provided by MCT oil, rich in octanoate and decanoate (49 and 50% 

of total fatty acids, respectively, Neobee 1053, Stepan Company, Northfield, USA), 10% by 

olive oil, and 5% by each butter, coconut oil and flaxseed oil. Flaxseed oil was added as 

source ofn-3 fatty acids and olive oil was incorporated into the FctO diet to increase the 

level ofmonounsaturated fatty acids. The remaining 25% of total dietary fat was intrinsic to 

foods common to both diets. Table 2-2 shows the fatty acid composition of each 

experimental diet as determined using gas chromatography. An unesterified plant 

sterol/stanol mixture (Forbes Medi-Tech, Vancouver, Canada), at a level of22 mg/kg body 

weight/d, was added to the MCT diet to maintain normallevels of cholesterol concentrations. 

Results of plasma lipid concentrations with consumption of FctO and BT are reported 

separately (Bourque et al., 2002, submitted). Subjects were randomly assigned to the FctO or 
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BT diet for the first experimental phase and consumed the altemate dietary fat during the 

second phase. Both phases were separated by a 4 or 8 wk washout period during which 

subjects resumed their habituallifestyles. This resulted in all measurements being taken in 

the same phase of the menstrual cycle for each subject. 

Body weights were measured daily before breakfast. Body composition measurements were 

performed using magnetic resonance imaging (MRI) on d 1 and 28 of each experimental 

phase. For all women the MRI images were acquired using a Siemens 1.5 Tesla MRI 

scanner (Siemens, Mississauga, Canada) using a T -1 weighted spin-echo sequence with a 210 

ms repetition time and a 17 ms echo time. The MRI protocol is described in detail elsewhere 

(Ross et al., 1996). Briefly, subjects lay in the magnet in a prone position with their arms 

straight overhead. U sing the intervertebral space between the fourth and fifth lumbar 

vertebrae (L4-L5) as the point of origin, transverse images (10 mm slice thickness) were 

obtained every 40 mm from hand to foot, resulting in a total of approximately 41 images for 

each subject. The total time required to acquire all the MRI data for each subject was 

approximately 45 min. All MRI data were analyzed using specially designed image analysis 

software (Tomovision Inc, Montreal, Canada). 

The model used to segment the various tissues has been fully described and illustrated 

elsewhere (Ross et al., 1996). A multiple step procedure was used to identify tissue area 

(cm2
) for a given MRI image. In the first step a threshold was selected for adipose tissue 

(AT) and lean tissue (L T) based on the analysis of a sample of typical images and their 

respective grey level-histograms. Each image was then reviewed by an interactive slice 
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editor pro gram which allowed for verification, and where necessary, correction of the 

segmented results. The original grey level image was superimposed on the binary segmented 

image using a transparency mode to facilitate the corrections. In the final step, the observer 

labeled the different tissues by assigning them different codes. The areas (cm2) of the 

respective tissues in each image were computed automatically by summing the given tissues' 

pixels and multiplying by the individual pixel surface area. The volume (cm3
) of the 

different tissues in each slice was ca1culated by multiplying the tissue area (cm2) by the slice 

thickness (10 mm). The volume of the tissues for the space between two consecutive slices 

was calculated by using a mathematical algorithm given elsewhere (Ross et aL, 1996). The 

intra-observer differences for total, subcutaneous and visceral adipose tissue was calculated 

by comparing two analyses of 5 MRI data sets by a single observer. The intra-observer 

difference was 2.1 ± 1.2% for total, 1.8 ± 1.1 % for subcutaneous and 8.1 ± 3.9% for visceral 

AT. 

Energy expenditure was measured using a metabolic monitor (Delta-Trac, Sensor Medics, 

Anaheim, USA) for 30 min before breakfast (baseline) and 30 min during each hour for 6 h 

after breakfast on days 2 and 27 of each experimental phase. A transparent ventilated hood 

was placed on subjects' heads with Collins tubing connecting the hood to the monitor, as 

previously described (White et al., 1999). The metabolic cart was calibrated daily, after an 

overnight warm-up period, with calibration gas containing 96% 02 and 4% C02 and local 

atmospheric pressure. In addition, accuracy and precision of the metabolic cart were verified 

using the weighed methanol burning test and respiratory quotient test, respectively, at the 

beginning of the trial. During EE tests expired gases were collected and analyzed against 
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ambient air and readings from the monitor were collected every minute. Fat and 

carbohydrate oxidation rates were calculated minute-by-minute using the equations derived 

by Lusk (1928). Total daily EE was calculated as the difference between energy intake and 

the sum of the changes in body AT, LT, and fecal energy excretion. Fecal energy excretion 

was calculated by measuring fecal fat excretion and multiplying by 9 kcal/g of fat. 

Total EE = E intake - (~ total AT + ~ L T + E excreted) (eqn 1) 

Change in total AT was converted to its change in AT energy store by multiplying the change 

in AT volume by 0.9 (Katch and McArdle, 1993) to convert from L to kg, further multiplied 

by 7700 kcal/kg of fat and divided by 27 d of intake. Similarly for the conversion of change 

in lean tissue stores to change in energy content of lean tissues, the change in lean tissue was 

multiplied by 1.1 (Katch and McArdle, 1993) to convert from L to kg, further multiplied by 

2920 kcal/kg, taking into account approximately 73% hydration (Groff and Gropper, 2000), 

and divided by 27 d of intake. 

Total fecal samples were collected for 3 d at mid-point through each experimental phase for 

determination offecal fat excretion. Samples were diluted by 50% with water, aliquoted and 

dried. Fecallipids were extracted from approximately 3 g of the combined 3 d dried samples 

with each day of sampling being proportionately represented. Lipid extraction was carried 

out in duplicate using the method of Folch et al. (1957). Dried lipid extracts were saponified 

then methylated using boron trifluoride methanol and heated at 80°C for 55 min. Methylated 

samples were analyzed using gas chromatography (Hewlett Packard, GC 5890, Series II) 
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equipped with 30 m fused silica capillary column (0.25 mm ID, 0.20 flm film, Supelco, 

Bellefonte, USA). Total fatty acid recovery was calculated by summing individual fatty 

acids and comparing their quantities with C 17:0 as internaI standard. 

2.3.3 Statistical analyses 

Analysis of variance of results was carried out using a mixed model procedure with diet 

(FctO or BT), day (2 or 27), hour (each halfhour period between 0 and 6.5 h), and sequence 

as factors in the model. Interactions between diet and day and between diet, day and hour 

were also examined. Paired Student's t-test was then used to determine differences between 

diets at each hour on each individual day. Paired Student's t-test was also used to establish 

differences between FctO and BT consumption on fecal fat excretion and changes in body 

composition. All statistical analyses were conducted using SAS statistical software 

(SAS/STAT version 6.12, SAS Institute, Cary, USA). A p-value of 0.05 was taken as 

statistically significant. Data are reported as means ± SEM. 

2.3.4 Sample size determination 

Dulloo et al. (1996) found that subjects consuming MCT had an increase in total daily energy 

expenditure of 5%, which was equivalent to 113 kcal/d. Results from White et al. (1999) 

suggest that the difference in total energy expenditure between LCT and MCT diets could be 

as high as 160 kcalld. Assuming that subjects exp and 160 kcalld over total energy 

expenditure for the entire 28 d period, a total of 4,500 kcal will be expanded. The result of 

this increase in EE will be loss of approximately 600 g of body fat mass. A sample size of 18 
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subjects was found to be required to detect a change in adipose tissue stores of 600 g (Ross, 

1996) over the total experimental phase with 95% confidence. 

2.4 RESULTS 

Twenty-two subjects were recruited into the study and five did not complete. Reasons for 

failure to complete the study included intolerance to the control diet (n=2) and personal 

reasons (n=3). Compliance with the study protocol and feeding regimen within subjects 

completing the trial was considered high as only 2% of the meals were not consumed at the 

research unit due to exceptional circumstances. We assume that consumption ofnon-study 

foods was low since study foods were consumed under supervision and subjects did not gain 

weight. Although an exercise room was available for use by the subjects, only 2 subjects 

used it sporadically. These individuals followed instructions to repeat similar exercise level 

at approximately the same day during each experimental phase. 

Eight of the women were post-menopausal. For the remaining 9 women, 4 were in the 

follicular phase of their menstrual cycle during the first EE measurement period, 3 were in 

the luteal phase, and the remaining 2 were in their menstrual period during this initial 

measurement period. 

There was a decrease (p<O.OI) in body weight, as measured using a standard scale, within 

each dietary phase but no difference in weight loss between the 2 phases (-0.87 ± 0.16 kg 

versus -0.84 ± 0.22 kg during FctO and BT consumption, respectively). Figures 2-1 and 2-2 

show individual changes in total and subcutaneous body adipose tissue compartments, 
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respectively, between d 1 and d 28 of each dietary phase. There was no effect of di et or day 

on any of the body compartment volumes. Total AT varied from 37.7 ± 2.4 L on d 1 ofFctO 

consumption to 37.1 ± 2.5 Lon d 28. During BT phase, total AT volume was 37.9 ± 2.6 L 

on d 1 and 37.3 ± 2.6 Lon d 28. Average subcutaneous AT volume at the onset ofthe FctO 

phase was 33.5 ± 2.2 Land 32.9 ± 2.3 L after 28 d. At the start of the BT phase, average 

subcutaneous AT volume was 33.6 ± 2.3 L versus 33.1 ± 2.4 L at the end of the phase. Mean 

muscle volume was 19.6 ± 0.6 L on both dl and 28 during the FctO phase and, similarly, for 

the BT phase, average muscle volume was 19.5 ± 0.6 L on dl and 19.4 ± 0.6 Lon d 28. 

lnter-individual coefficients of variation for total body volume, total AT and subcutaneous 

AT volumes were 28.7%,25.2%, and 23.0%, respectively. 

Resting metabolic rate (RMR) was not different between FctO and BT consumption. On d 2 

of the FctO phase, RMR was 0.84 ± 0.02 kcallmin versus 0.82 ± 0.03 kcal/min during the BT 

phase. On d 27, RMR was 0.81 ± 0.03 kcallmin and 0.79 ± 0.02 kcallmin for the FctO and 

BT phases, respectively. 

Thermic effect of food was calculated as the difference between post-prandial (PP) EE and 

RMR at each time point after breakfast. Average TEF was 0.15 ± 0.01 kcallmin on d 2 and 

0.17 ± 0.01 kcallmin on d 27 of FctO consumption whereas it was 0.14 ± 0.02 kcallmin for 

both d 2 and 27 ofBT consumption. Average PP EE was 0.99 ± 0.02 kcallmin on d 2 and 

0.97 ± 0.02 kcallmin on d 27 of FctO consumption versus 0.96 ± 0.03 kcallmin and 0.93 ± 

0.03 kcallmin on d 2 and 27 ofBT consumption. 
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Mean EE during d 2 and 27 on each dietary treatment are shown in Figure 2-3. Inter

individual coefficient of variation was calculated to be 2.3% for EE. The mean rates ofEE 

measured in the 30 min interval immediately after breakfast are shown as time 1 hr on both 

days. Average EE on d 2 of the FctO phase was 0.97 ± 0.023 kcal/min compared to 0.94 ± 

0.028 kcal/min for the BT phase. On d 27 of the FctO phase, average EE was 0.95 ± 0.024 

kcallmin versus 0.90 ± 0.019 kcallmin for the BT phase. There was a main effect of diet 

(p<O.OI), day (p<O.OI) and hour (p<O.OI) on EE but there was no di et by day interaction. 

Area under the curve (AUe) was greater (p<O.OI) with FctO compared to BT intake. FctO 

consumption resulted in greater EE than BT consumption and EE was lower on d 27 than d 1 

for both dietary phases. 

Figure 2-4 shows basal and pp fat oxidation on d 2 and 27 with each diet. Average fat 

oxidation on d 2 of the FctO phase was 0.081 ± 0.0035 g/min compared to 0.077 ± 0.0033 

g/min for the BT phase. On d 27, average values were 0.080 ± 0.0026 g/min and 0.075 ± 

0.0022 g/min for the FctO and BT phases, respectively. Area under the curve was greater 

(p<0.05) with FctO consumption compared to BT consumption. There was a main effect of 

di et (p<0.05) and hour (p<O.OI) and a treatment by day by hour interaction (p<O.OI) on fat 

oxidation. The inter-individual coefficient of variation for fat oxidation was calculated to be 

0.3%. 

Fecallipid analyses showed a trend (p=O.1 0) towards greater fat excretion with BT 

consumption compared to FctO consumption. The fat content of the fecal collection on the 

FctO di et was 0.47 ± 0.09 g/d compared to 0.61 ± 0.08 g/d on the BT phase. This represents 
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approxirnately 99.6% and 99.4% fat absorption during periods of FctO and BT consurnption, 

respectively. 

The individual and mean calculated total EE during FctO and BT consumption periods are 

shown in Figure 2-5. Total EE was 2640 ± 138 kcal after 27 d of FctO consumption and 

2628 ± 177 kcal/d after BT consumption (NS). 

2.5 DISCUSSION 

The results ofthis 27 d inpatient trial show that controlled consumption of FctO increases EE 

and fat oxidation in obese women compared to a situation where energy intakes from BT 

were equal. However, although EE was greater with FctO consumption throughout the 27 d 

period, this did not result in a measurable enhancement ofweight loss during FctO 

consumption compared to the period of BT consumption. Accordingly, no changes in total 

or regional AT distribution were observed with MRI consequent to these perturbations. 

This study is unique since the inpatient and crossover controlled feeding design utilized 

precise monitoring of food intake. The use of MRI to assess body composition also allows 

very small differences in tissue volume to be observed. Magnetic resonance imaging is a 

well-established tool for measuring total and sub-components of total body fat and has been 

shown to accurately measure total body and sub-components of total AT when repeated 

contiguous slices are acquired (Thomas et al., 1998; Ross et al., 1992). The reliability of 

MRI as a tool in the assessment ofbody fat compartment volumes has been demonstrated by 

Ross et al. (1992) who reported that the mean difference for repeat measurements of whole 
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body AT and LT was < 3% and < 2%, respectively. These same researchers reported that the 

mean difference for subcutaneous and visceral AT for repeat measurements at the L4-L5 

vertebrae was 1.1 % and 5.5% respectively (Ross et aL, 1993). Magnetic resonance imaging 

thus measures the different AT compartments with an error of estimate of 2 to 10% (Ross, 

1996). More recently, Mitsiopoulos et al. (1998) studied the reproducibility of MRI 

subcutaneous AT volume measurements by comparing the intra- and inter-observer estimates 

for MRI measurements. The inter-observer and intra-observer differences were -2.9 ± 1.2% 

and 1.5 ± 1.5%, respectively, for subcutaneous AT (Mitsiopoulos et aL, 1998). It was 

reported that changes in subcutaneous and visceral AT compartments must be greater than 5 

and 10%, respectively, to reach statistical significance (Thomas et aL, 1998). The degree of 

weight loss observed in this trial was therefore below the threshold needed for MRI to 

identify the changes in AT volumes. 

Our research trial is the longe st study to date to examine the effects of high intakes of MeT 

on EE and the first to look at corresponding changes in total body composition in obese 

women. Quantities of MeT provided in the FctO di et were much higher than those normally 

consumed in the general population. Sevenhuysen et al. (1993) reported that middle-aged 

women consume on average 15 g/d of butter as added fat on bread and potatoes. This would 

represent a MeT intake of approximately 0.52 g/d, considering that 3.5% of total fatty acids 

in butter are found as octanoic and decanoic acids (Hyvonen et aL, 1993). Furthermore, the 

inpatient study design employed for this trial is the first of its kind in this area of nutrition 

research. With such a rigorous study design and analytical methods, it was thus possible to 

not only carefully study the effects of MeT on EE, but also the resulting effects on body 
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composition that have been proposed previously (Dulloo et al., 1996; Scalfi et al., 1991; 

Seaton et aL, 1986). 

Our findings strengthen and extend previous observations wherein greater EE and fat 

oxidation were obtained with èonsumption of MeT compared to LeT (Scalfi et aL, 1991; 

Seaton et aL, 1986; White et aL, 1999; Hill et aL, 1989). However, the magnitude of the 

difference in EE between the PctO and the BT diet appears to be lower than that observed in 

studies conducted on male subjects (Dulloo et aL, 1996; Scalfi et aL, 1991; Seaton et aL, 

1986; Hill et aL, 1989). Binnert et al. (1998) have also found that diet-induced 

thermogenesis after consumption of a bolus of a 50-50 mixture of MeT and olive oil, 

compared to olive oil alone, was lower in their female subjects than observed by Seaton et al. 

(1986). In fact, Binnert et al. (1998) failed to observe any difference in fat oxidation between 

MeT and olive oil intake in obese women. This may be due to the small sample size (n=8) 

and the quality and quantity of the experimental oil, which was a 30 g bolus of a 1: 1 mixture 

of MeT and olive oil. However, the extent of the difference in fat oxidation is similar to that 

observed in the present trial. It was suggested that obese women had greater deposition of 

fatty acid due to their larger AT stores and that they also had increased uptake of fatty acids 

per unit of fat (Thomas et aL, 1998). This may partly explain the discrepancy between our 

results and those obtained with male subjects (Dulloo et al., 1996; Scalfi et al., 1991; Seaton 

et aL, 1986) in terms of differences in EE and fat oxidation with MeT and LeT 

consumption. Indirect calorimetry is a valid method for measurement of EE, with an intra

individual coefficient of variation of 3.6%, however, variability for fat oxidation is much 

higher (17.4%) (Gasic et aL, 1997). 
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Body weight variations observed in this trial are much smaller than those observed by Tsuji 

et al. (2001), however, their trial was not as weIl controlled and included more men than 

women. Foods were not consumed under strict supervision and authors relied on food diaries 

to observe compliance with protocol. Subjects tend to underestimate food consumption and 

therefore a negative energy balance in both groups could have caused the weight loss 

observed. Body weight change in the present experiment is known to have been the result of 

FctO consumption since energy intake in both phases was identical. 

Our analyses offecal fat excretion show almost complete fat absorption (99.4-99.6%). The 

total fat excretion observed was indeed similar to that observed by Lia et al. (1997) who 

found that ileostomy patients consuming oat bran or wheat bran excreted 465 mg or 194 mg 

of fat/d, respectively. These values correspond to 99.1 and 99.7% fat absorption for oat bran 

and wheat bran consumption, respectively. Earlier studies of the absorbability of fats in rats 

showed that coconut oil is 99.7% absorbed compared to 98% for lard (Calloway et aL, 1956). 

Ifwe consider that RMR accounts for approximately 8 h daily and that the remaining time is 

spent in the post-meal period, then the average difference in EE with FctO consumption 

compared to BT, as measured by indirect calorimetry, can be extrapolated to be 40.2 kcal on 

d 2 and 50.2 kcal on d 27. This would translate into a 0.14 to 0.18 kg weight loss over a 27 d 

period. Using the energy balance equation with precisely known energy intake, changes in 

body composition and fecal energy excretion, the daily energy difference between FctO and 

BT consumption is 10 kcal (NS). This difference in EE over a 27 d period would result in a 

weight loss of 0.03 kg. Although not statistically significant, the magnitude of the difference 
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in adipose tissue 10ss between FctO and BT consumption in this study is similar to the weight 

loss that would be expected following the differences in EE between the two dietary periods. 

When consuming an equal number of calories, subjects lost an average of 0.076 L of adipose 

tissue more with the FctO diet than the BT diet, which is equivalent to 0.07 kg. Therefore, 

although the difference in adipose tissue loss between the two diets is not statistically 

significant, the trends in body weight changes can be eXplained by the extrapolated 

difference in EE. 

In conclusion, present results show that EE and fat oxidation are increased with FctO 

consumption compared to BT consumption in healthy overweight women. Furthermore, 

raised leve1s of EE and fat oxidation remained consistently elevated during 27 d of 

consumption of a diet rich in MCT but were not associated with a detectable difference in 

effect on body fat depot size. Although it cannot be concluded that prolonged FctO 

consumption results in greater weight 10ss compared to BT consumption, FctO intake 

resulted in increased EE and fat oxidation. This may promote long-term weight maintenance 

in obese women. 
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2.7 FIGURE LEGENDS 

Figure 2-1 

lndividual changes in volume of total adipose tissue with consumption of FctO and BT diets. 

Figure 2-2 

lndividual changes in volume of subcutaneous adipose tissue with consumption of FctO and 

BT diets. 

Figure 2-3 

Energy expenditure after consumption of a breakfast containing FctO or BT on day 2 (A) and 

day 27 (B). Closed squares = FctO phase; open squares = BT phase. Values are means ± 

SEM, n=17. * FctO significantly different from BT, p < 0.05. 

Figure 2-4 

Fat oxidation after consumption of a breakfast containing FctO or BT on day 2 (A) and day 

27 (B). Closed squares = FctO phase; open squares = BT phase. Values are means ± SEM, 

n=17. * FctO significantly different from BT, p < 0.05. 

Figure 2-5 

Calculated energy expenditure with consumption of diets containing FctO or BT for 27 days. 
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Characteristic 

Age, yrs 

Weight, kg 

Height, cm 

Body mass index, kg/m2 

Energy intake, kcal 

Table 2-1. Subject characteristics. 

Average (SEM) 

44.3 (3.8) 

82.2 (2.7 

160.6 (l.5) 

3l.8 (0.9) 

2458 (73) 

44 



Table 2-2. Fatty acid content of the experimental diets determined by gas 

chromatography. 

Fatty acid (%) Functional oil BeefTallow 

C6:0 Trace Trace 

C8:0 19.4 ± 2.0 Trace 

CI0:0 23.6 ± 2.3 0.2 ± 0.1 

C12:0 3.9 ± 0.6 0.3 ± 0.1 

C14:0 2.6 ± 0.5 3.4 ± 0.4 

C14:1 0.2 ± 0.1 0.6 ± 0.1 

C15:0 10.1 ± 1.1 26.1 ± 0.9 

C16:0 0.6 ± 0.2 2.7 ± 0.3 

C16:1n7 3.8 ± 0.6 20.3 ± 1.1 

C18:0 23.6 ± 3.5 38.5 ± 1.6 

C18:1n9 7.1 ± 1.6 6.4 ± 1.6 

C18:2n6 4.6 ± 1.3 0.8 ± 0.1 

C18:3n3 0.3 ± 0.1 0.3 ± 0.1 

C22:6n3 Trace Trace 
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Figure 2-1. 
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Figure 2-2. 
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Figure 2-3. 
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Figure 2-4. 
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Figure 2-5. 
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BRIDGE 2. 

Results obtained in the trial in women led to the hypothesis that women may not respond as 

weIl to the effects of medium chain triglycerides on energy expenditure as men (Figure 

Bridge 2). The difference in body weight loss between medium and long chain triglyceride 

consumption in women matched the difference in energy expenditure observed with 

consumption of the medium and long chain triglyceride diets. This small difference in 

energy expenditure was not sufficient to result in significant changes in body composition 

over a 4 wk period. 

From previous studies conducted on men and women, it was observed that the difference in 

energy expenditure between medium and long chain triglyceride consumption was greater in 

men than in women. Therefore, since long-term consumption of medium chain triglycerides 

as part of a controlled di et has not been studied in men, our second trial aimed to establish 

whether medium chain triglyceride consumption by men would raise energy expenditure and 

lead to decreased body weight and adipose tissue stores over 28 d. Subjects consumed our 

experimental diets, containing medium chain triglycerides or long chain triglycerides for a 

period of 28 d each. The control, long chain triglyceride-containing diet, consisted of olive 

ail and the experimental di et consisted of a functional oil containing medium chain 

triglyceride oil, olive oil, canola oil, coconut oil, and phytosterols. The composition of the 

control diet was modified since it was found, from our previous work in women, that subjects 

did not tolerate beef tallow very well and blinding could not be guaranteed due to taste and 

behavioral differences between beef tallow and functional oil. Beef tallow would solidify on 

the plate when cooling occurred, whereas the functional oil remained liquid. Another 

51 



difference between the two trials is the composition of the functional oil diet. In the first 

trial, aIl sources of fat in the functional oil diet were added to the basal di et and weighed 

separately. In the second trial, the functional oil was made by blending the different oils and 

phytosterols and this blended oil was weighed and added to the other ingredients of the diet. 

Length was increased by one day to obtain a full4-wk feeding period. 
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Figure Bridge 2. 
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3.1 ABSTRACT 

The objectives ofthis study were to compare the effects of diets rich in medium chain 

triglycerides (MCT; FctO) or long chain triglycerides (LCT; OL) on body composition, 

energy expenditure, substrate oxidation, as well as subjective appetite and ad libitum energy 

intake. Twenty-four healthy, overweight men with body mass index between 25 and 31 

kg/m2 consumed 2 diets, FctO and OL, for 28 d each in a crossover randomized controlled 

trial. Energy expenditure was measured using indirect calorimetry and body composition 

was analyzed using magnetic resonance imaging (MRI) at baseline and after 4 wk of both 

dietary interventions. Upper body adipose tissue decreased to a greater extent (p < 0.05) with 

functional oil (FctO) compared to olive oil (OL) consumption (-0.67 ± 0.26 kg and -0.02 ± 

0.19 kg, respectively). There was a trend towards greater loss ofwhole body subcutaneous 

adipose tissue volume (p = 0.087) with FctO compared to OL consumption. Average energy 

expenditure (EE) was 0.04 ± 0.02 kcal/min greater (p < 0.05) on d 2 and 0.03 ± 0.02 kcal/min 

(NS) on d 28 with FctO compared to OL consumption. Similarly, average fat oxidation was 

greater (p = 0.052) with FctO compared to OL intake on d 2 but not d 28. Consumption of a 

diet rich in MCT results in greater loss of adipose tissue compared to LCT perhaps due to 

increased EE and fat oxidation observed with MCT intake. Medium chain triglycerides may 

thus be considered as agents that aid in the prevention of obesity or potentially stimulate 

weight loss. 

Key words: body composition, magnetic resonance imaging, energy expenditure, medium 

chain triglycerides, weight loss 
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3.2 INTRODUCTION 

The prevalence of overweight and obesity has been increasing worldwide. In the US, the 

prevalence of overweight has increased from 25.4 to 33.3% in the adult population from 

NHANES II to phase 1 ofNHANES III (Kuczmarski et al., 1994; Galuska et al., 1996). It is 

apparent, therefore, that strategies designed to prevent or treat obesity are of paramount 

importance. Medium chain triglycerides (MCT) have been previously proposed as a tool in 

the prevention ofhuman obesity (Geliebter et al., 1983; Hashim and Tantibhedyangkul, 

1987) due to their effects on fat deposition in animaIs. Medium chain triglycerides are 

known to increase energy expenditure in humans (Seaton et al., 1986; Hill et al., 1989; Scalfi 

et al., 1991; Dulloo et al., 1996; White et al., 1999; Bendixen et al., 2002; St-Onge et al., 

2003) and are associated with lower body weight gain and fat depot size (Baba et al., 1982; 

Geliebter et al., 1983; Crozier et al., 1987; Hashim and Tantibhedyangkul, 1987) in growing 

animaIs when compared to long chain triglyceride (LCT) consumption. Recent findings 

(Tsuji et al., 2001; St-Onge et al., in press a), however, have failed to demonstrate convincing 

results regarding the long-term benefits of MCT consumption on body weight in humans. 

From our previous research in women (White et al., 1999; St-Onge et al., 2003), there is 

evidence to support the hypothesis that women do not respond to MCT intake as strongly as 

men. In fact, studies previously published that have been conducted in men (Seaton et al., 

1986; Scalfi et al., 1991; Dulloo et al., 1996) report greater differences in EE between MCT 

and LCT consumption than those observed by our group when studying women (White et al., 

1999; St-Onge et al., 2003). Since long term controlled feeding studies examining the effects 

ofMCT on EE and body composition have not been conducted in men, the present objective 
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was to assess whether feeding men diets rich in MCT or olive oil (OL), as a source of LCT, 

would result in greater EE and weight loss after 4 wk. We hypothesized that MeT 

consumption would result in greater EE and weight loss compared to OL over a 28 d feeding 

period. In addition, it is suggested that MeT consumption may lead to increased levels of 

satiety and thus lower calorie ingestion than with LeT consumption (Stubbs and Harbron, 

1996; Van Wymelbeke et al., 1998; Van Wymelbeke et al., 2001; St-Onge and Jones, 2002). 

Therefore, a secondary objective was to determine if appetite ratings on a visual analog scale 

(V AS) and food intake at an ad libitum intake lunch session would be altered by the type of 

fat contained in the diet. 

3.3 RESEARCH METHODS AND PROCEDURES 

3.3.1 Subjects 

Subjects were recruited by advertisement in local newspapers and were required to have a 

body mass index between 25 and 31 kg/m2
, fasting plasma total cholesterol and triglycerides 

concentrations below 7.0 mmoliL and 3.0 mmol/L, respectively. Exclusion criteria were 

reported history of cardiovascular disease, diabetes, hypertension, gastrointestinal disorders, 

and unusual eating patterns. The study protocol was reviewed and accepted by the Human 

Ethical Review Committee of the Faculty of Agriculture and Environmental Sciences of 

McGiIl University and aIl subjects signed informed consent forms prior to entrance into the 

protocol. 
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3.3.2 Study design 

The study employed a randomized crossover controlled feeding design with periods of 28 d 

each, separated by a 4 wk washout period. The research was conducted at the Mary Emily 

Clinical Nutrition Research Unit (CNRU) of Mc Gill University. Subjects were required to 

come to the CNRU every morning for breakfast and to return to consume one other meal 

under supervision at the CNRU every day. The third meal was prepared and packed for the 

subjects to consume outside of the unit. Diets were designed to resemble a typical North 

American diet and contained 40% of energy as fat, 15% as protein, and 45% as 

carbohydrates. The 2 different diets were consumed in random order for a period of 4 wk 

each, separated by a 4-wk washout period. These diets were identical except for the quality 

of the fat. The MCT-containing di et contained a functional oil (FctO) composed of 64.7% 

MCT oil (Neobee 1053, Stepan Company, Northfield, USA), 12.6% olive oil, 6.8% each of 

canola and flaxseed oil, and 5.8% coconut oil as the main source of fat (75% of total fat) and 

the control diet (OL) contained 75% of total fat as olive oil. The rest of the fat came from the 

other foods in the meals that were identical in both diets. The fatty acid composition of the 

FctO is provided in Table 3-1. The FctO also contained 3.4% ofunesterified stanol/sterol 

mixture (Forbes Medi-Tech, Vancouver, Canada) since previous studies have shown 

increased plasma lipid concentrations with MCT consumption (Hill et al., 1989; Swift et al., 

1992). Lipid level data were obtained and form the basis for a complementary manuscript 

currently under consideration for publication. 

Energy intake was calculated on an individual basis using the Mifflin equation (Mifflin et al., 

1990) and an activity factor of 1. 7. This activity factor was shown to be appropriate for 
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weight maintenance (Bell et al., 1985) and has been used by our group previously (White et 

a1., 1999; St-Onge et a1., 2003). During the first wk of the first experimental phase, energy 

intake was adjusted to compensate for any change in body weight that may have occurred. 

However, after this initial 1 wk period, energy intake was kept constant throughout both 

experimental phases. Meals were isoenergetic and were provided in a 3 d rotating cycle 

menu. Subjects were instructed to consume all foods provided to them and nothing el se for 

the duration of the tria1. They were also advised to maintain a regular exercise pattern 

throughout the trial in accordance with habituallevels. 

3.3.3 Methods 

Body weight was measured every morning before breakfast using a standard scale. Body 

composition was assessed using magnetic resonance imaging (MRI) on d 1 and 29 of each 

experimental phase. The MRI protocol is described in detail elsewhere (St-Onge et al., 

2003). Briefly, images were acquired using a Siemens 1.5 Tesla MRI scanner (Siemens, 

Mississauga, Canada) using a T -1 weighted, spin-echo sequence with a 210 ms repetition 

time and a 17 ms echo time. Subjects lay in the magnet in a prone position with their arms 

straight above their head. Using the intervertebral space between the fourth and fifth lumbar 

vertebrae (L4-L5) as the point of origin, transverse images with 10 mm slice thickness were 

obtained every 40 mm from hand to foot, resulting in a total of approximately 45 images for 

each subject. Magnetic resonance imaging data was analyzed using specially designed image 

analysis software (Tomovision Inc, Montreal, Canada). Details of the data analysis 

procedure have been previously published (St-Onge et a1., 2003). 
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It is reported that the mean difference for repeat measurements of whole body adipose tissue 

(AT) and lean tissue was < 3% and < 2%, respectively (Ross et al., 1992) and of 

subcutaneous and visceral AT at the L4-L5 vertebrae was 1.1 % and 5.5%, respectively (Ross 

et al., 1993). Magnetic resonance imaging thus measures the different AT compartments 

with an error of estimate of 2 to 10% (Ross, 1996). More recently, Mitsiopoulos et al. (1998) 

determined the reproducibility ofMRI subcutaneous AT volume measurements by 

comparing the intra- and inter-observer estimates for MRI measurements and found that 

these were 2.9 ± 1.2% and 1.5 ± 1.5% for intra- and inter-observer variability of 

subcutaneous AT, respectively. Results from our group showed intra-observer differences of 

2.1 ± 1.2% for total, 1.8 ± 1.1 % for subcutaneous and 8.1 ± 3.9% for visceral AT when 

comparing two analyses of 5 MRI data sets by a single observer (St-Onge et al., 2003). 

Energy expenditure was measured using a metabolic monitor (Delta Trac, Sensor Medics, 

Anaheim, USA) on d 2 or 3 and 27 or 28 for 19 of the subjects. The metabolic monitor was 

calibrated daily after an overnight warm-up period using gas containing 96% 02 and 4% CO2 

at ambient pressure. Expired gases were analyzed against ambient air. Subjects were 

required to arrive at the CNRU one hour prior to the start of the measurement period to allow 

for their metabolism to return to astate that approximated basal state. Energy expenditure 

was then measured for 30 min prior to consumption of a standard breakfast. Subjects were 

required to consume the breakfast within a 30 min period after which EE measurements 

resumed for 5.5 h. This length of monitoring was previously recommended to capture most 

of the thermie effect of food (Reed and Hill, 1996). Energy expenditure was measured for 30 
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min of each hour after breakfast. Fat and carbohydrate oxidation rates were calculated every 

minute using the equations derived by Lusk (1928). 

Total fecal samples were collected over 3 d midway through each experimental phase for 19 

of the subjects for determination of fecal fat excretion. Samples were weighed and diluted by 

50% with water, aliquoted and lyophilized. Fecallipids were extracted from approximately 3 

g of the combined 3 d dried samples with each day of sampling being proportionately 

represented. Lipid extraction was carried out using method of Folch et al. (1957) in 

duplicate. The lipid fraction was then weighed and used to calculate total fecal fat excretion 

over 3 d. 

Total daily EE was calculated using the following equation: 

Total EE = E intake - (il total AT + il LT + E excreted) (eqn 1) 

where AT represents total energy stored in adipose tissue mass and L T represents total 

energy stored in lean tissue mass. Energy stored in AT was determined by multiplying the 

change in AT volume by 0.92 g/cm3 (Snyder et al., 1975) and further multiplying by 7650 

kcal/kg, assuming that 85% of adipose tissue is fat (Garrow, 1978). To determine energy 

stored in LT, the change in LT volume was multiplied by 1.04 g/cm3 (Snyder et al., 1975) 

and again by 2920 kcal/kg, assuming 73% hydration of lean tissue (Groff and Gropper, 

2000). Both values were then divided by 28 to obtain daily values. Energy excreted was 

determined as the product of daily fecal fat excretion multiplied by 9 kcal/g of fat. 
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For a subgroup of 5 subjects, for whom we did not me as ure EE and fecal fat excretion, we 

tested the effects of FctO and OL on satiety and food intake. Subjects were required to rank 

their level of satiety by answering 6 questions on a validated visual analog scale (V AS) (Hill 

and Blundell, 1982) immediately after (hr 0), at hr 2 and hr 4, after consuming a standard 

breakfast containing either FctO or OL. Questions included in the VAS were: 1) how hungry 

do you feel; 2) how full do you feel; 3) how strong is your desire to eat; 4) how much do you 

think about food; 5) urge to eat; 6) preoccupations with thoughts on food. Subjects were 

asked to place a mark on a continuous scale from ° to 10, where ° meant "not at aIl" and 10, 

"very much". After answering the last questionnaire (hr 4), subjects were given foods, which 

did not contain the test fats, in excess of their expected food intake and were instructed to 

consume as much of these foods as they wanted until they felt satiated. The amount of food 

consumed at this ad libitum lunch session was measured and energy and macronutrient 

intakes analyzed using Food Processor Nutrition Analysis Software (version 7.81, ESHA 

Research, Salem, USA). 

3.3.4 Statistical analyses 

The effect of each di et on energy expenditure and substrate oxidation was analyzed using 

analysis of variance with a mixed model procedure. Diet, day, and hour were tested as 

variables in the mode!. Interactions between diet and day and between diet, day and hour 

were also examined. Paired Student's t-test was used to determine differences in EE between 

FctO and OL at each time point. Paired Student's t-test was used to assess differences 

between FctO and OL on average post-prandial (PP) EE, average thermic effect of food 

(TEF), as weIl as average PP fat oxidation, calculated total daily EE, changes in body 
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composition, fecal fat excretion, and food intake during the satiety test. Analysis of variance 

was used to assess differences between treatments in response to questions on the VAS. 

Diet, hour and diet-by-hour interactions were used as variables in the model. AlI statistical 

analyses were conducted using SAS statistical software (SAS/STAT version 8.0, SAS 

Institute, Cary, USA). A p-value of 0.05 was taken as statistically significant. Data are 

reported as means ± SEM. 

3.4 RESULTS 

Twenty-five of the thirty men enrolled into the study successfully completed the protocol. 

Three subjects were asked to withdraw from the study due to po or compliance, one withdrew 

due to medical reasons unrelated to the trial, and one withdrew for work-related reasons. 

Data from one subject was not analyzed due to difficulties with the acquisition of images 

during the last MRI scan. Subject characteristics at recruitment are shown in Table 3-2. 

Body weights at endpoint were lower than at baseline for both FctO (p < 0.001) and OL (p < 

0.05) feeding periods. Body weights were 87.4 ± 2.0 kg at baseline and 86.3 ± 1.9 kg at the 

end of the FctO feeding period and were 86.6 ± 2.0 kg and 85.9 ± 1.8 kg at baseline and at 

the end of the OL feeding period, respectively. Table 3-3 shows changes in BW and body 

composition values with FctO and OL consumption. Using MRI to assess body composition 

changes, there was a significant decrease CP < 0.01) in total body mass from 70.2 ± 1.6 kg on 

dIto 69.2 ± 1.5 kg on d 29 with FctO consumption whereas the change from 69.5 ± 1.5 kg 

to 69.0 ± 1.5 kg with OL consumption was not statistically significant. Total adipose tissue 

masses were 24.7 ± 1.0 kg and 23.9 ± 1.1 kg on d 1 and 29, respectively, with FctO 
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consumption (p < 0.01, within diet difference) and 24.3 ± 1.0 kg and 24.0 ± 1.0 kg on d 1 and 

29, respectively, with OL consumption. There was a trend CP = 0.087) for greater loss of 

total subcutaneous adipose tissue with FctO compared to OL consumption. Functionaloil 

consumption resulted in a significant decrease CP < 0.01) from 18.1 ± 0.9 kg to 17.6 ± 0.9 kg 

in subcutaneous adipose tissue. With OL consumption, subcutaneous adipose tissue mass 

varied from 17.8 ± 0.9 kg on dIto 17.7 ± 0.9 L on d 29. Wh en regional adiposity was 

analyzed, there was greater (p < 0.05) loss of upper body adipose tissue with FctO 

consumption compared to OL. Functional oil consumption resulted in a decrease (p < 0.05) 

in upper body adipose tissue from 12.5 ± 0.6 kg on dito 11.8 ± 0.6 kg on d 29. Upper body 

adipose tissue masses were 12.1 ± 0.6 L on d 1 and d 29 during OL feeding. Abdominal and 

lower body adipose tissue volumes were not altered by FctO or OL consumption. 

Resting metabolic rate (RMR) was not different between periods of FctO and OL 

consumption. Average RMR with FctO consumption was 0.82 ± 0.02 kcallmin on d 2 and 

0.80 ± 0.03 kcallmin on d 28 and with OL consumption, RMR was 0.81 ± 0.02 kcallmin on d 

2 and 0.83 ± 0.02 kcallmin on d 28. 

Figure 3-1 shows basal and pp EE on d 2 and 28. There was a significant effect of diet CP < 

0.01) and hour CP < 0.01) on EE. Average pp EE tended to be greater CP = 0.055) with FctO 

consumption compared to OL for both d 2 and 28. On d 2, average pp EE was 1.04 ± 0.02 

kcallmin and 0.99 ± 0.03 kcallmin for FctO and OL consumption, respectively. On d 28, 

average pp EE was 1.01 ± 0.02 kcallmin after consumption of the breakfast containing FctO, 

compared to 0.98 ± 0.03 kcallmin for OL. Average TEF was calculated as the difference 
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between average pp EE and RMR. On d 2, TEF with FctO consumption was 0.21 ± 0.02 

kcal/min compared to 0.19 ± 0.01 kcal/min with OL consumption. For d 28, TEF after 

consumption of the breakfast containing FctO was greater (p < 0.01) than that observed after 

the breakfast containing OL. After consumption of the FctO-containing breakfast, TEF was 

0.21 ± 0.01 kcal/min versus 0.15 ± 0.02 kcal/min for the 0 L-containing breakfast. 

Average EE over the entire measurement period, from RMR unti16.5 hr after breakfast, was 

greater (p < 0.05) with consumption of the breakfast containing FctO compared to OL on d 2 

although this was no longer significant for d 28. Average EE was 1.00 ± 0.02 kcal/min with 

FctO consumption and 0.96 ± 0.03 kcal/min with OL consumption, on d 2 and 0.98 ± 0.02 

kcal/min with FctO intake and 0.95 ± 0.03 kcal/min with OL intake on d 28. Using equation 

1 to calculated total daily EE, we found that EE during FctO consumption was 3169.7 ± 

125.8 kcal/d and 3050.9 ± 114.6 kcal/d during OL consumption. 

Figure 3-2 shows basal and pp fat oxidation on d 2 and 28. There was a significant effect of 

di et CP < 0.01), hour CP < 0.01), and diet by hour interaction CP < 0.01) on fat oxidation. 

Basal fat oxidation was not different between phases of FctO and OL consumption. On d 2, 

basal fat oxidation was 0.054 ± 0.004 g/min and 0.055 ± 0.003 g/min with FctO and OL 

consumption, respectively. Similarly, on d 28, basal fat oxidation was 0.055 ± 0.003 g/min 

with FctO and 0.056 ± 0.004 g/min with OL consumption. Average pp fat oxidation was 

greater (p = 0.052) after consumption of the breakfast containing FctO compared the 

breakfast containing OL, but this difference was not present on d 28 CP = 0.32). Fat oxidation 

after the FctO-containing breakfast was 0.052 ± 0.003 g/min versus 0.044 ± 0.003 g/min after 
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the OL-containing breakfast. On d 28, average fat oxidation was 0.049 ± 0.003 g/min and 

0.047 ± 0.003 g/min after the FctO- and the OL-containing breakfasts, respectively. 

Fecal fat excretion was similar between FctO consumption and OL. Average fecal fat 

recovery was 0.481 ± 0.05 g/d with FctO intake and 0.334 ± 0.04 g/d with OL intake. This 

represents approximately 99.6 and 99.7% fat absorption for periods of FctO and OL 

consumption, respectively. 

There was no effect of diet, but a significant effect of hour, on hunger and satiety perceptions 

using the VAS. Also, there was no significant interaction between diet and hour on 

responses to the questions on the VAS. However, there was a trend CP = 0.062) towards 

lower energy intake at the ad libitum lunch session following the breakfast containing FctO 

compared to the session following OL breakfast consumption. This was mostly due to lower 

(p < 0.05) fat consumption at the ad libitum lunch session following FctO breakfast 

compared the one following OL breakfast. 

3.5 ' DISCUSSION 

This study shows, for the first time, that when consumed as part of a strictly controlled 

targeted weight maintenance diet, a FctO ri ch in MeT leads to greater loss of adipose tissue 

stores compared to a di et ri ch in LeT. This change in total adiposity may be due to a rise in 

EE and fat oxidation with FctO consumption relative to a di et rich in LeT in the form of 

olive oil. 
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Results obtained in this trial on body composition are in contrast with those obtained 

previously in women, which showed no significant effect of MeT consumption compared to 

LeT on total adiposity (St-Onge et al., 2003). Differences in MeT and LeT consumption on 

EE between men and women may be due to hormonal differences or, more likely, to 

differences in intakes. Men generally consume more calories than women and would 

therefore have a greater absolute intake of MeT. 

Although the magnitude of the difference observed in total adipose tissue reduction between 

diets contrast, our results agree with those of Tsuji et al. (2001) who found greater body fat 

loss with MeT compared to LeT supplementation in their overweight subgroup. Reasons 

for discrepancies in results likely include differences in study design. Since the study by 

Tsuji et al. (14) was a supplementation trial, it is possible that subjects consuming the MeT 

supplement altered their diet or spontaneously consumed fewer calories than those 

supplemented with LeT. In addition, the dose of MeT given was low (10 g) to produce such 

an effect on body composition (Tsuji et al., 2001). AIso, our results are similar to those of 

Matsuo et al. (2001), who found that subjects supplemented with structured MeT gained less 

body fat than subjects supplemented with LeT over a 12 wk period. However, in this trial, 

intakes were not strictly controlled and, as in the trial by Tsuji et al. (2001), the dose of MeT 

supplied was low. 

The use of MRI in this study allowed determination of small variations in tissue volumes and 

is a well-established method for measuring total and regional adiposity since contiguous 

slices are acquired (Ross et al., 1992; Thomas et al., 1998). The accuracy of MRI in 
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assessing body fat compartments has been previously demonstrated (Ross et al., 1992; Ross 

et al., 1993). Therefore, we are confident that the changes observed are biological and not 

due to methodological error. 

When extrapolating average measured EE to total daily EE, the difference in energy 

expenditure between FctO and OL feeding periods represents approximately 63 kcal/d on d 2 

and 43 kcal/d on d 28. This is slightly lower than observed by Scalfi et al. (1991) and Dulloo 

et al. (1996) who have reported differences in daily EE between MeT and LeT consumption 

of approximately 86 and 120 kcal/d, respectively. However, when we calculated total EE 

based on the difference between energy intake and energy output, we found a difference of 

119 kcal/d (NS) between FctO and OL consumption. Differences between previous results 

(Scalfi et al., 1991; Dulloo et al., 1996) and those obtained in the present trial may be due to 

differences in the quantities of MeT provided in the diet. In this trial, subjects consumed an 

average of21.5 g of MeT per me al compared to 30 g for the previous trials (Scalfi et al., 

1991; Dulloo et al., 1996). Furthermore, it is possible that MeT exert more profound 

increments in EE when given in a single acute ingestion than during chronic ingestion. Our 

results and those of White et al. (1999) support the idea that the initial increase in EE with 

MeT consumption compared to LeT is lessened when measured again after 14 d (White et 

al., 1999) and 28 d, as observed with diminished statistical power on d 28 in this trial. 

Nevertheless, the extent of increase in EE observed in this trial can explain the differences in 

BW change between FctO and OL phases. When daily EE is extrapolated over a 28 d period, 

the total difference in EE would lead to differences in BW change between the 2 diets of 0.36 

to 0.51 kg, when using EE values measured on d 28 and d 2, respectively. 
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Fat absorption was 99.6% with FctO consumption which is similar to that observed in an 

animal trial comparing the digestibility of different types of fat (Kaplan and Greenwood, 

1998). AIso, earlier studies of the absorbability of fats in rats showed that coconut oil, which 

is ri ch in MCT, is 99.7% absorbed (Calloway et al., 1956). With OL consumption, fat 

absorption was measured to be 99.7%, which is greater than the 97.4% absorption rate 

reported by Jones et al. (1985) for oleic acid. However, OL also contains approximately 

11.4% offatty acids as linoleic acid (Jones et al., 1989) which was found to be 99.4% 

absorbed (Jones et al., 1985). 

Our data on subjective satiety and ad libitum intake at lunch, although collected on only a 

smaU number of subjects, extend and support existing literature. Data obtained using V AS to 

assess perceived satiety showed no difference between FctO and OL phases, as was observed 

by Van Wymelbeke et al. (1998) when comparing olive oil, lard, MeT oil, and a fat 

substitute and by Bendixen et al. (2002) when comparing the effects of modified fats 

containing medium chain fatty acids to rapeseed oil. The use of the V AS to assess satiety 

sensations has been shown to be reproducible under controlled conditions and with the use of 

within subject designs (Stubbs, 2000). 

Bendixen et al. (2002) also found no difference in ad libitum food intake with consumption 

of modified fats compared to the rapeseed oil. This is in contrast with what was observed in 

this trial and that of others (Stubbs and Harbron, 1996; Van Wymelbeke et al., 1998; Van 

Wymelbeke et al., 2001). We found a strong trend towards lower energy intake of221 kcal 

at the lunch following the breakfast containing FctO compared to the breakfast containing 
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OL. Van Wymelbeke et al. (1998) found differences in energy intakes between MCT and 

olive oil diets of 43 kcal whereas in a subsequent study, the same group (Van Wymelbeke et 

al., 2001) found that subjects consumed 129 kcalless at a meal following MCT consumption 

compared LCT. Similarly, Stubbs and Harbron (1996) found differences in daily energy 

intakes of258 kcal between a di et containing large amounts ofMCT compared to that 

containing the least amount of MCT, when food intakes were precisely recorded. 

In conclusion, we have shown that consumption of a di et rich in MCT for 28 d improves 

adiposity, particularly upper body adiposity in overweight men. This may be due to 

enhanced EE and fat oxidation compared to olive oil consumption and to greater fecal fat 

excretion. In addition, there was a strong trend towards lower spontaneous energy intake at 

the free lunch session following a standard breakfast ri ch in MC T, compared to one rich in 

olive oil. Therefore, it is possible that, under free-living conditions, subjects would consume 

less energy and fat when their diet contained MCT and thus would obtain this added bene fit 

to increased EE, resulting in better weight maintenance and possibly weight loss. Future 

studies should therefore be conducted on a free-living population replacing the major source 

of added fat in the diet with medium chain triglycerides for a period of 6 mo and comparing 

to a control group consuming an oil ri ch in long chain triglycerides. This design would allow 

all aspects of medium chain triglyceride consumption, increased EE and satiety, to exert their 

effect and possibly pro duce beneficial changes in body composition. Results from the 

present trial suggest that medium chain triglycerides may be considered as a potential tool in 

the prevention ofweight gain and obesity. 
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3.7 FIGURE LEGENDS 

Figure 3-1 

Energy expenditure after consumption of a breakfast containing OL or FctO on day 2 CA) and 

day 28 (B). Closed squares = FctO phase; open squares = OL phase. Values are means ± 

SEM, n=19. * FctO significantly different from OL, p < 0.05. ** Trend for diet difference, 

p < 0.1. 

Figure 3-2 

Fat oxidation after consumption of a breakfast containing OL or FctO on day 2 (A) and day 

28 (B). Closed squares = FctO phase; open squares = OL phase. Values are means ± SEM, 

n=19. * FctO significantly different from OL, p < 0.05. ** Trend for diet difference, p < 

0.1. 
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Table 3-1. Fatty acid composition of the functional oïl. 

Fattyacid Functional oil (%) 

6:0 0.17 

8:0 36.95 

10:0 30.35 

12:0 3.61 

14:0 1.06 

16:0 3.52 

16: 1 0.23 

18:0 0.65 

18:1 13.81 

18:2n-6 4.62 

18:3n-3 4.94 

20:0 0.05 

73 



Table 3-2. Subject characteristics at screening. 

Characteristic Average (SEM) 

Age, y 43.1 (2.3) 

Weight, kg 87.2 (1.9) 

Height, m 1.76 (0.01) 

Body mass index, kg/m2 28.2 (0.4) 

Total cholesterol, mmol/L 5.62 (0.18) 

Triglyceride, mmol/L 1.86 (0.15) 
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Table 3-3. Change in body weight and body compartment volumes with functional oH 

and olive oH consumption. 

Body compartment Functional oil (SEM) Olive oil (SEM) 

Body weight, kg -1.03 (0.25) -0.62 (0.29) 

Total adipose tissue, kg -0.83 (0.25)1 -0.31 (0.30) 

Subcutaneous adipose tissue, kg -0.54 (0.16)1 -0.17 (0.19) 

Upper body adipose tissue, kg -0.67 (0.26)12 -0.02 (0.19) 

Abdominal adipose tissue, kg -0.17 (0.13) -0.07 (0.08) 

Lower body adipose tissue, kg -0.24 (0.21) -0.27 (0.16) 

1 Significant within diet change, p < 0.05, using paired t-test. 

2 Significantly different from change with olive oil consumption, p < 0.05, using paired t-test. 
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Figure 3-1. 
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Figure 3-2. 
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BRIDGE 3. 

Results from the previous two trials showed that men and women had increased energy 

expenditure and fat oxidation with medium chain triglyceride consumption. This increased 

thermogenesis, however, did not lead to weight loss in aU subjects. In addition, not aU 

subjects responded to medium chain triglyceride consumption with increased energy 

expenditure. This prompted us to examine the data more closely to determine the 

characteristics of subjects that were linked to responsiveness to a thermogenic fat, medium 

chain triglyceride oil. AIso, data from Binnert et al. (1998) seemed to indicate that women of 

greater body weight would benefit most from medium chain triglyceride consumption. In 

addition, medium chain triglyceride oil has been proposed as agents useful in the treatment of 

obesity (Scalfi et al., 1991) or prevention ofbody weight gain (St-Onge et al., 2003; St-Onge 

et al., in press). It was thus important to determine whether subjects with greater initial body 

weight had greater response to the thermogenic effects of medium chain triglycerides. Data 

from the trial conducted in men was chosen since they responded to the shift from high long 

chain triglyceride diet to a high medium chain triglyceride diet with greater body weight loss. 
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4.1 ABSTRACT 

Medium chain triglyceride (MCT) consumption has been shown to increase energy 

expenditure (EE) and lead to greater losses of adipose tissue (AT) in animaIs and humans. 

The objective ofthis research was to examine the relationship between body composition and 

thermogenic responsiveness to MCT treatment. Randomized, crossover controlled feeding 

trial, with diets rich in either MCT or LCT (as olive oil) for periods of 4 wk each. Nineteen 

healthy overweight men aged (x ± SEM) 44.5 ± 2.5 y with body mass index (BMI) of27.8 ± 

0.5 kg/m2
. Energy expenditure and body composition were measured using indirect 

calorimetry and magnetic resonance imaging, respectively, at baseline and endpoint of each 

feeding period. Energy expenditure was measured for 30 min before consumption of a 

standard meal and for 5.5 h following the meal. The difference in average EE between MCT 

and LCT consumption was related to initial body weight (BW), such that men with lower 

initial BW had greater rise in EE with MCT consumption relative to LCT on d 28 (r = -0.472, 

p = 0.04) but not d 2 (r = -0.368, p = 0.12). Similar results were obtained with fat oxidation 

on d 28. Energy expenditure during each of the treatment phases was not associated with any 

change in BW or adiposity but greater fat oxidation on d 2 was predictive of greater loss of 

BW for both MCT (r = -0.6065, p = 0.0059) and LCT (r = -0.5824, P = 0.0089) consumption 

and was also predictive of greater loss of subcutaneous adipose tissue (SA T) during MCT 

consumption only (r = -0.4781, P = 0.04). These data suggest that shunting of dietary fat 

towards oxidation results in diminished fat storage, as reflected by 10ss of BW and SA T. 

Furthermore, MCT consumption may stimulate EE and fat oxidation to a lower extent in men 

of greater BW compared to leaner men, indicative of lower responsiveness to a rapidly 

oxidized fat by overweight men. 
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Key words: medium chain triglycerides, body weight, adipose tissue, energy expenditure, 

magnetic resonance imaging 
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4.2 INTRODUCTION 

Obesity is a worldwide problem with prevalence rates reaching over 30% in the American 

adult population (Flegal et al., 2002) and is linked to a plethora of disorders, ranging from 

type II diabetes to cardiovascular disease, hypertension, and certain cancers. Dietary 

treatments to prevent and reverse obesity have largely been unsuccessful, with the majority 

of dieters regaining lost weight (Brownell and Jeffrey, 1987; Hensrud, 2001). In a recent 

meta-analysis, subjects regain, on average, 77% of the weight lost within 5 y of the weight 

loss pro gram (Anderson et al., 2001). Another approach to weight loss involves tipping the 

energy balance scale towards greater energy output. This can be achieved through increased 

physical activity but has also been observed with dietary modifications. Medium chain 

triglycerides (MeT), which do not require chylomicron formation for absorption into the 

circulation, travel directly to the liver where they have been shown to be rapidly and 

completely oxidized (Babayan, 1987; Bach and Babayan, 1982). Human studies have shown 

that replacing the more common dietary long chain triglycerides (LeT) for MeT leads to 

increased energy expenditure (EE) and fat oxidation (Bendixen et al., 2002; Dulloo et al., 

1996; Hill et al., 1989; Scalfi et al., 1991; Seaton et al., 1987; St-Onge et al., 2003; St-Onge 

et al., in press; White et al., 1999) resulting in body adipose tissue loss (St-Onge et al., in 

press; Tsuji et al., 2001). However, studies linking increased EE with MeT consumption to 

body composition changes are scarce (St-Onge et al., 2003; St-Onge et al., in press) and the 

underlying mechanism relating these factors are not well developed. 

The aim ofthe CUITent trial was to verify whether replacement of LeT by MeT in a typical 

North American diet would lead to changes in EE and body composition in overweight men. 
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The objectives ofthis trial were therefore to examine whether differences in EE and substrate 

oxidation between MCT and LCT consumption would be related to initial body weight (BW) 

and composition as well as to the different degree of body composition change after 

consumption of isocaloric diets for 4 wk each. 

4.3 METHODS 

4.3.1 Subjects 

Nineteen healthy, overweight men, aged (x ± SEM) 44.5 ± 2.5 y with a body mass index 

(BMI) of27.8 ± 0.5 kg/m2 participated in this trial. Subjects were recruited from newspaper 

advertisements. Inclusion criteria were BMI between 25 and 31 kg/m2 and total cholesterol 

and triglyceride concentrations below 7.0 mmol/L and 3.0 mmol/L, respectively. Subjects 

were excluded ifthey had previously been diagnosed with cardiovascular disease, diabetes, 

hypertension, gastrointestinal disorders, and ifthey were taking cholesterol-Iowering 

medications or had unusual eating patterns. The study protocol was reviewed and accepted 

by the Human Ethical Review Committee of the Faculty of Agriculture and Environmental 

Sciences of McGill University. Eligible subjects signed informed consent forms in the 

presence of the study coordinator prior to entry into the study. 

4.3.2 Study design 

This randomized, crossover, controlled feeding trial involved subjects consuming 2 different 

diets differing only in the type of added fat for 2 periods of 28 d each. Experimental phases 

were separated by a 4-wk washout period to allow for measured parameters to return to basal 

values. Diets were designed to maintain BW and each subject's energy requirement was 
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calculated using the Mifflin equation (Mifflin et al., 1990) multiplied by an activity factor of 

1.7. This factor was previously shown to adequately estimate energy requirements for 

weight maintenance (Bell et al., 1985). Both diets contained 40% of energy as fat, 55% as 

carbohydrates, and 15% as protein. Of the total amount of fat provided by the diets, 25% 

was intrinsic to foods common to both experimental diets and the remaining 75% was added 

fat. For the MCT diet, two thirds of the added fat was MCT oil (Neobee 1053, Stepan 

Company, Northfield, USA) and the rest was provided by olive oil, coconut oil, flaxseed oil, 

and canola oil. For the LCT diet, aIl of the added fat was olive oil. Energy intakes were 

adjusted in the first week of the first phase to account for any BW variations that may occur 

when one adapts to a new diet. After this initial 1 wk period, energy intakes remained 

constant throughout the rest of the first phase and this calorie load was used for the second 

phase. 

Subjects were required to eat 2 meals/d under supervision at the Mary Emily Clinical 

Nutrition Research Unit (CNRU) of McGill University and could eat the third meal away 

from the CNRU. Subjects were repeatedly instructed to consume aIl foods provided and 

nothing else during the 2 experimental phases. In addition, subjects were asked not to 

deviate from habituaI physical activity level and to maintain a constant pattern of physical 

activity during the 2 experimental phases. 

4.3.3 Body composition measurements 

Body weights were measured every day before breakfast using a standard scale. On d 1 and 

29 of each experimental phase, body composition was assessed using magnetic resonance 
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imaging (MRI). The MRI protocol is described in detail elsewhere (St-Onge et al., 2003). 

Briefly, images were acquired using a Siemens 1.5 Tesla MRI scanner (Siemens, 

Mississauga, Canada) using a T -1 weighted, spin-echo sequence with a 210 ms repetition 

time and a 17 ms echo time. Subjects were required to lie in the magnet in a prone position 

with their arms above their head while images were being acquired. Using the inter-vertebral 

space between the fourth and fifth lumbar vertebrae (L4-L5) as the point of origin, transverse 

images with 10 mm slice thickness were obtained every 40 mm from hand to foot, resulting 

in a total of approximately 45 images for each subject. The entire MRI protocol took 

approximately 45 min. Data were analyzed using specially designed MRI analysis software 

(Tomovision Inc, Montreal, Canada). Details of the data analysis procedure have been 

previously published (St-Onge et al., 2003). 

4.3.4 Energy expenditure measurements 

Energy expenditure measurements were taken on d 2 and 28, after a 12 h overnight fast. On 

each testing day, subjects were required to arrive at the CNRU approximately 1 h prior to the 

start of the measurement period for a resting period designed to allow the subject's metabolic 

rate to return to near-basal state. After this initial resting period, resting metabolic rate 

(RMR) was assessed using indirect calorimetry with ventilated hood methodology (Delta 

Trac, Sensor Medics, Anaheim, USA). The metabolic cart was calibrated daily, after an 

overnight warm-up period, at ambient pressure with gas containing 96% 02 and 4% CO2. 

Following RMR measurement, subjects were provided with a standard breakfast to be 

consumed in a 30 min period, after which EE measurements were resumed. Energy 

expenditure was measured 30 min every hour for 5.5 h following breakfast consumption. 
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This measurement period was determined to be appropriate to capture most of the thermie 

effect of a meal (Reed and Hill, 1996). Energy expenditure and fat and carbohydrate 

oxidation rates were calculated for every minute using standardized equations (Lusk, 1928). 

4.3.5 Statistical analyses 

Energy expenditure values for d 2 and 28 for each correlation analysis used the average EE 

values over each 6.5 h EE measurement period. Change in BW was calculated as the change 

between the average last 3 d and first 3 d of each experimental period. Body composition 

values used for correlation analyses include total adipose tissue (T AT), subcutaneous adipose 

tissue (SA T), upper body adipose tissue (AT), visceral adipose tissue (V AT), and lean tissue 

(L T). Upper body AT was computed by summing aIl AT compartment volumes from images 

starting at L4-L5 and above. Initial L T and V AT volumes were calculated by averaging 

volumes at baseline of both dietary phases. AlI correlations were performed using SAS 

system for windows version 8.2 (SAS Institute, Cary, USA). Data are reported as means ± 

SEM. Statistical significance was set at a p-value of 0.05. 

4.4 RESULTS 

Body weights decreased with both MCT and LCT consumption. Body weight, body 

composition, and EE data with MCT and LCT consumption are reported elsewhere (St-Onge 

et al, in press). In short, MCT consumption resulted in increased EE and fat oxidation 

relative to LCT consumption. Furthermore, MCT consumption reduced TAT, SAT, and 

upper body AT but only the change in upper body AT was significantly different from the 

change that occurred with LCT consumption. 
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Figure 4-1 shows relationships between differences in EE between MCT and LCT 

consumption and initial BW. Correlation analyses show that the difference in EE between 

MCT and LCT on d 2 tended to be related to initial BW (r = -0.368, p = 0.12). This inverse 

relationship became significant on d 28 (r = -0.472, p = 0.04). These effects were largely 

driven by relationships between EE and L T volume. The differences in EE between MCT 

and LCT on d 2 and 28 were inversely related to LT volume (r = -0.478, p = 0.038 for d 2; r 

= -0.590, p = 0.0079 for d 28). Correlations for differences in fat oxidation between MCT 

and LCT consumption and initial BW are shown in Figure 4-2. Similar results as those seen 

with EE were obtained when correlating differences in fat oxidation and initial BW for d 28 

(r = -0.553, p = 0.01) but the reverse trend was found for d 2 (r = 0.367, p = 0.12). In 

addition, initial V AT and LT volumes were inversely correlated with difference in fat 

oxidation between MCT and LCT (r = -0.496, p = 0.031 and r = -0.613, p = 0.0053, for VAT 

and L T, respectively) on d 28. 

Responsiveness to MCT feeding by increased EE relative to LCT on both d 2 and 28 was not 

related to differences in BW and body composition changes between MCT and LCT feeding 

periods. There was a trend on d 2 for the increase in fat oxidation with MCT consumption 

relative to LCT to be inversely related to changes in BW between MCT and LCT feeding 

periods Cr = -0.4075, p = 0.08). This trend was no longer apparent when the same correlation 

was computed using fat oxidation data from d 28. 

Data from both treatment phases were merged to assess whether BW and body composition 

were correlated with EE and fat oxidation. This analytical method is considered appropriate 
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since it is not expected that di et treatment would modify the effect of BW and body 

composition on EE or fat oxidation. Results from these analyses showed that EE on d 2 and 

28 were positively correlated with initial BW Cr = 0.5919, P < 0.0001 and r = 0.5451, P = 

0.0004, for d 2 and 28, respectively). This correlation was largely drive by LT volume since 

AT compartments, either total, subcutaneous or visceral, were not related with EE or fat 

oxidation rates. As a result, EE was positively correlated with LT volume on d 2 (r = 0.654, 

p < 0.001) and 28 Cr = 0.439, p = 0.0058). When examining the relationship between fat 

oxidation and LT, correlation coefficients were smaller, 0.376 CP = 0.020) for d 2 and 0.23 (p 

= 0.165) for measurements taken on d 28. Rate of fat oxidation was not correlated with 

initial BW or AT volumes. 

Again with data from both treatment phases combined, EE on d 2, but not d 28, was 

significantly inversely related to change in BW Cr = -0.3511, p = 0.03). Energyexpenditure 

was not significantly correlated with change in any of the AT compartments. Fat oxidation, 

however, was significantly and inversely correlated with change in BW for d 2 (r = -0.3423, 

P = 0.04) and 28 Cr = -0.3158, p = 0.054) yet, as for EE, was not related to changes in body 

AT compartments. 

When each treatment phase was examined separately, EE with MCT consumption was not 

related to body composition changes for any of the parameters measured. However, fat 

oxidation with MCT consumption on d 2 was related to change in BW (r = 0.6065, p = 

0.006) and SAT (r = -0.4782, p = 0.04). Correlations when d 28 values for fat oxidation were 

used were weaker and no longer statistically significant. For LCT consumption, only EE and 
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fat oxidation on d 2 were related to change in BW (r = -0.5824, P = 0.009 and r = -0.5003, P 

= 0.029, for EE and fat oxidation respectively). Changes in AT compartment volumes with 

LCT consumption were not related to EE or fat oxidation on either d 2 and 28. 

We then examined whether subjects with greater volumes ofLT had more pronounced 

changes in body composition. With data from both treatment phases grouped, L T volume on 

d 2 was not associated with any change in AT compartment. When correlations were do ne 

for each treatment separately, there was a correlation between L T volume on d 2 and change 

in intramuscular AT, but only during LCT consumption (r = 0.524, p = 0.0082). 

4.5 DISCUSSION 

This trial is the first to link responsiveness to a thermogenic oil to initial BW as well as to 

changes in BW and body compartment volumes. Results from this study show that, in 

overweight men, those with lower BW had the greatest rise in EE and fat oxidation when 

replacing dietary LCT with MCT. It was previously suggested that MCT could be used in 

the treatment of obesity (Scalfi et al., 1991), however, the results reported here seem to 

indicate that MCT may be a better tool in the prevention ofweight gain wh en BW is not yet 

highly elevated. 

Few trials have compared the effects of LCT substitution by MCT in overweight and lean 

subjects (Scalfi et al., 1991; Binnert et al., 1998). In the study by Scalfi et al. (1991), lean 

and morbidly obese men did not differ in their postprandial response to MCT compared to 

LCT; both groups had similar increases in postprandial EE over RMR values. However, as 
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observed in the present analyses, postprandial respiratory quotient was reduced with MeT 

consumption relative to LeT, indicative of greater fat oxidation, in the lean but not in the 

obese subjects. In a similar experiment in women (Binnert et al., 1998), cumulative 

exogenous lipid oxidation over 6 h increased from 3.2 to 8.1 gin obese and from 6.0 to 9.2 g 

in lean subjects. When totallipid oxidation was compared between lean and obese subjects, 

it was found that in the lean, but not obese women, totallipid oxidation was greater after the 

MeT -containing challenge than after the LeT challenge. Again, these results are in 

agreement with those observed in this experiment, where leaner subjects had a greater rise in 

fat oxidation with replacement of LeT by MeT in the di et compared to those with higher 

initial BW. This may be due to enhanced uptake of dietary fatty acids by the greater adipose 

tissue mass of overweight subjects, in whom lipoprotein lipase activity is increased (Ferraro 

et al., 1993). Release of exogenous fatty acids into plasma has previously been shown to be 

defective in obese women compared to lean women (Binnert et al., 1998), possibly due to 

greater uptake by elevated AT stores. The results from this study show that fat oxidation and 

EE were enhanced to a greater degree with MeT consumption compared to LeT in leaner 

men. This may be related to the quantity of V AT stores, which would favor greater fat 

uptake for storage rather than oxidation. 

It is unknown, at this time, why a trend towards greater rise in fat oxidation with MeT 

consumption relative to LeT was linked to greater initial BW early in the trial whereas a 

significant correlation in the opposite direction was seen after 4 wk of dietary treatment. It 

may be that MeT help restore rates of fat oxidation earlY on but that an adaptation occurs 

whereby differences in fat oxidation between MeT and LeT are diminished. In the study by 
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Binnert et al. (1998), it was reported that MeT oxidation is similar in obese as in lean 

women, whereas LeT oxidation seems to be defective in obese compared to lean women. 

Since their observations only extended over a single meal, it is not known wh ether long-term 

feeding would have resulted in maintenance of the improved fat oxidation noted with MeT 

consumption. 

Although not unexpected, data showing that subjects with the greater rise in fat oxidation had 

the greatest loss ofBW and SAT support the purported mechanism of action of MeT on BW. 

It has been hypothesized that the direct transport of MeT to the liver by the portal circulation 

diminishes their potential for deposition into AT (Babayan, 1987). MeT are rapidly and 

almost completely oxidized by the liver, further reducing the probability that they will be 

elongated and returned to the circulation, where deposition into AT is more likely (Babayan, 

1987; Bach et al., 1996). The results reported here show that in fact, greater fat oxidation 

with MeT was correlated with smaller SAT depots. Moreover, subjects with the greatest 

difference in fat oxidation between MeT and LeT consumption also tended to have the 

greatest loss ofBW. 

Our research demonstrates that an oil rich in MeT increases EE and fat oxidation and leads 

to beneficial body composition changes. Previous studies from our group have shown that 

MeT, when combined with flaxseed oil and phytosterols, also improve plasma lipid profiles 

in men (St-Onge et al, 2002b abstract) and women (Bourque et al., in press). These effects 

make this oïl combination a suitable candidate for classification as a functional food. A 

functional food is a food that is similar in appearance to a conventional food but that provides 
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demonstrated health benefits or reduces the risk of chronic disease above and beyond its 

basic nutritional functions. Our MeT -containing oil meets this definition since it increases 

EE and fat oxidation to a greater extent than a conventional LeT -containing oil, helps reduce 

body fatness, and decreases plasma lipid concentrations. These effects can lead to lower risk 

of developing obesity and cardiovascular disease, 2 prevalent debilitating conditions in 

Western societies. However, MeT are not readily available in the American di et but are 

found in small quantities in coconut oil and dairy fats. Sevenhuysen et al. (1993) reported 

that middle-aged women consume on average 15 g/d of butter as added fat on bread and 

potatoes. Ifwe consider that 3.5% offatty acids in butter are the medium chain fatty acids 

octanoic and decanoic acids (Hyvonen et al., 1993), this would represent an intake of MeT 

of approximately 0.52 g/d. However, the versatility of MeT oil, and its tasteless and 

odorless properties (Bach et al., 1996) make it suitable for incorporation into a variety of 

different food items. 

Finally, the replacement dietary LeT with MeT in a typical North American di et for a period 

of 28 d leads to significant increases in EE and fat oxidation. In addition, BW and AT 

compartment volumes were diminished when MeT were consumed in place of LeT. 

Furthermore, correlation analyses show that the rise in fat oxidation with MeT consumption 

relative to LeT consumption was responsible for the greater loss of BW. Also, subjects with 

the greatest EE and fat oxidation rates also had the greatest loss ofBW. These beneficial 

effects of LeT -replacement by MeT on EE and fat oxidation were correlated with initial 

BW. Therefore, these results show that substitution of dietary LeT for MeT can be 
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beneficial in the prevention ofweight gain in subjects with lower BW but may not be as 

useful to those with greater BW. 
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4.7 FIGURE LEGENDS 

Figure 4-1 

Correlation between difference in EE with MCT and LCT consumption on d 2 (a; r = -

0.3679, p = 0.12) and d 28 (b; r = -0.4718, P = 0.04) and initial BW, n = 19. 

Figure 4-2 

Correlation between difference in fat oxidation with MCT and LCT consumption on d 2 (a; r 

= 0.3666, p = 0.12) and d 28 (b; r = -0.5526, P = 0.01) and initial BW, n = 19. 
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BRIDGE 4. 

Results from the studies in women and men showed that medium chain triglyceride 

consumption increases energy expenditure and fat oxidation relative to long chain 

triglyceride consumption. In men, augmented energy expenditure with medium chain 

triglyceride consumption resulted in significant changes in body composition. However, 

several studies have shown that medium chain triglyceride consumption increases 

triglyceride concentrations and sorne also report increases in total and low density lipoprotein 

cholesterol concentrations. These effects of medium chain triglyceride consumption would 

render its use in weight management unfavorable from a cardiovascular stand point. In order 

to circumvent these effects of medium chain triglycerides on plasma lipid concentrations, we 

have added phytosterols and flaxseed oil, the latter providing a source ofn-3 fatty acids, to 

the medium chain triglyceride-containing diets in both trials in females and males. 

Phytosterols have been known to decrease circulating cholesterol concentration by 

preventing cholesterol absorption, and n-3 fatty acids have been shown to lower triglyceride 

concentrations. Therefore, adding phytosterols and flaxseed oil to medium chain triglyceride 

oil was anticipated to prevent any undesirable changes in plasma lipid concentrations 

observed previously. In addition, since medium chain triglycerides increase oxygen 

consumption and fat oxidation, there may be an augmented generation of oxidative by

products associated with their consumption. In the following chapter, plasma homocysteine 

and glutathione concentrations were measured to assess oxidative status. Homocysteine is an 

established risk factor for cardiovascular disease and has been shown to be modulated by fat 

and cholesterol intakes. Glutathione is an antioxidant and thus measurement of its circulating 
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levels in plasma is an index of oxidative stress. These measurements add to the information 

concerning the atherogenicity of the functional oil. 
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5.1 ABSTRACT 

Medium chain triacylglycerols (MeT) have been suggested as efficacious in weight 

management, since they possess greater thermogenic qualities relative to long chain 

triacylglycerols; however, MeT may also increase circulating lipid concentrations and risk of 

cardiovascular disease. The present objective was to examine the effect of a diet 

supplemented with a functional oil (FctO) composed of energy expenditure-enhancing MeT 

(50% of fat), cholesterol-Iowering phytosterols (22 mg/kg body weight) and triacylglycerol

suppressing n-3 fatty acids (5% of fat), vs a beeftallow based di et (BT), on plasma lipid and 

aminothiol concentrations. In a randomized, single-blind, crossover design, partially

inpatient trial, 17 overweight women consumed each oil as part of a controlled, supervised, 

targeted energy balance di et for 27 d, with 4 or 8 wk of washout between phases. Mean 

plasma total cholesterol concentration was lower (p < 0.0001), by 9.1 %, on FctO (4.37 ± 0.20 

mmol/L) vs BT (4.80 ± 0.20 mmol/L). Mean plasma LDL cholesterol was also lower (p < 

0.0001) following FctO (2.39 ± 0.15 mmol/L) vs BT (2.86 ± 0.16 mmol/L), representing a 

16.0% difference between diets. HDL cholesterol and circulating triacylglycerol 

concentrations remained unaffected by treatment. Ratios of HDL:LDL and HDL:total 

cholesterol were higher (p < 0.01), by 22.0% and 11.0% respectively, on FctO vs BT. 

Plasma total homocysteine remained unchanged with FctO but decreased (p < 0.05) with 

control, hence higher (p < 0.05) endpoints were observed with FctO (6.95 ± 0.33 umol/L) vs 

BT (6.27 ± 0.28 umol/L). Plasma glutathione increased (p < 0.05) by 0.44 umol/L with FctO 

supplementation. In conclusion, consumption of a functional oil composed of MeT, 

phytosterols and n-3 fatty acids for 27 d improves the overall cardiovascular risk profile of 

overweight women. 
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5.2 INTRODUCTION 

Obesity is an independent risk factor for cardiovascular disease (CVD), the most common 

cause ofmortality and morbidity in North America (Heart and Stroke Foundation, 1997; 

National Institute of Health, 1998). Substitution of medium chain triacylglycerols (MCT), 

containing fatty acids with 6 to 12 carbon chains, for conventional dietary fats has been 

suggested as beneficial to weight management, since MCT increase energy expenditure and 

fat oxidation relative to long chain triacylglycerols (LCT) (Scalfi et al., 1991; Hill et al., 

1989; Dulloo et al., 1996; White et al., 1999). Medium chain triacylglycerols are rapidly 

absorbed through the portal circulation (Swift et al., 1990) and undergo oxidation to carbon 

dioxide (Johnson et al., 1990; DeLany et al., 2000) or conversion to long chain fatty acids in 

the liver (Carnielli et al., 1994), thus avoiding deposition in peripheral tissues. Animal 

studies have indeed shown substantial weight loss following MCT consumption (Lavau et al., 

1978; Geliebter et al., 1983; Simon et al., 2000), and this has been shown in a 

supplementation trial (Tsuji et al., 2001), but not in controlled feeding situations in humans 

(St-Onge et al., 2003). 

Possible benefits of MCT consumption on energy balance may be offset by undesirable 

effects on circulating cholesterol and triacylglycerol (T AG) concentrations, both of which are 

important risk factors for CVD. Long-term feeding of caprylic (8:0) and capric (10:0) acids, 

has resulted in plasma cholesterol concentrations higher than those of polyunsaturated fatty 

acids (PUF A) (Cater et al., 1997; Tsai et al., 1999; Asakura et al., 2000), lower than those of 

laurie aeid (Tsai et al., 1999), and intermediate between those of myristie and oleie acids 

(Temme et al., 1997). Conversely, sorne researchers have reported 8:0 and 10:0 to be 
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similarly cholesterol-raising as palm oil (Cater et al., 1997; Wardlaw et al., 1995) and butter 

(Wardlaw et al., 1995). With respect to effects on TAG, short term MCT supplementation 

has demonstrated a 3-fold increase following overfeeding (Hill et al., 1990), and a 42% 

increase following weight-maintenance feeding (Swift et al., 1992), in comparison to 

soybean oil. However, long-term MCT feeding has resulted in unchanged fasting T AG, as 

compared to LCT feeding (Cater et al., 1997; Tsai et al., 1999; Asakura et al., 2000; Temme 

et al., 1997; Wardlaw et al., 1995). 

Phytosterols have been shown to block the absorption of dietary and endogenously-derived 

cholesterol from the gut, while being only minimally absorbed themselves (Jones et al., 

1997). Daily consumption of moderate quantities of phytosterols, has been shown to 

consistently reduce plasma total cholesterol by 5-13%, and LDL cholesterol by 7-16%, in 

both hyper- (Miettinen et al., 1995; Jones et al., 1999; Jones et al., 2000; Hendriks et al., 

1999) and normocholesterolemic (Hendriks et al., 1999; Pelletier et al., 1995; Tammi et al., 

2000) individuals, without affecting HDL cholesterol or TAG concentrations. 

Alpha-linolenic acid (ALA), an n-3 fatty acid found in flaxseed oil, has been shown to 

undergo conversion (Mantzioris et al., 1994; Layne et al., 1996; Cunnane et al., 1993) to the 

potent hypotriacylglycerolemic (Harris et al., 1997) eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA) in tissue in vivo, and may thus have anti-atherogenic 

properties, making it a healthy addition to a blended oil product. 
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We thus hypothesized that consumption ofMCT along with cholesterol-Iowering 

phytosterols and TAG-suppressing n-3 PUF A would prevent undesirable increases in blood 

1ipid concentrations, thus allowing MCT use in prevention of weight gain. The objective of 

the study was to evaluate the effect ofthis functional oil (FctO), vs beeftallow as a control 

fat, on circulating lipids, as well as fatty acid metabolism. Since there is sorne discrepancy in 

the literature regarding the effects of fish oil on Hcy (Grundt et al., 1999; Olszewski and 

McCully, 1993), a secondary objective was to measure plasma total homocysteine (Hcy) and 

other aminothiols following dietary fat modification. 

5.3 SUBJECTS AND METHODS 

5.3.1 Subjects 

Twenty-two hea1thy overweight women were recruited from the surrounding community 

through newspaper advertising. Enrolled subjects had BMI > 25kg/m2
, plasma total 

cholesterol concentration::; 7.0 mmol/L and total circulating TAG concentration::; 3.0 

mmol/L, as measured at screening after 12 h of fasting and 24 h of alcohol abstinence. 

Subject body weights were required to have been stable (± 5%) for at least 3mo prior to study 

entrance. AlI subjects were screened through interview for reported absence of existing 

chronic illnesses including diabetes, hypertension, cardiac, hepatic, renal, and gastrointestinal 

dysfunction. Other exclusion criteria included use of lipid-Iowering drugs, beta-blockers or 

diuretics, and personal history ofCVD. Those reporting exercise at a frequency of~ 5 times 

per wk, or ongoing pregnancy or lactation were excluded. Prior to study onset, subjects 

received a complete description of the protocol before signing a consent form in presence of 

the study investigators. The experimental protocol was approved by the Human Ethical 
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Review Committee of the Faculty of Agriculture and Environmental Sciences for the School 

ofDietetics and Human Nutrition at McGill University. 

5.3.2 Study Protocol 

The study was a randomized, single-blind, controlled, partially-inpatient clinical trial. A 

crossover design was use d, with two 27-d dietary feeding cycles separated by 8 wk of 

washout (4 wk for one subject), during which subjects resumed their habituaI diets. Subjects 

were randomly allocated to receive one of two treatment sequences, with a balanced number 

of subjects assigned to each dietary treatment per phase. Subjects were partially inpatients at 

the Mary Emily Clinical Nutrition Research Unit (CNRU) of McGill University during both 

feeding periods. Participants were allowed to leave the facility between meals for work or 

other approved purposes but were expected to remain at the unit after the evening meal and 

overnight. Meals were consumed under supervision at the CNRU, however, under unusual 

circumstances, study coordinators permitted meals to be packed and consumed outside of the 

CNRU; this occurred for < 2% of meals. Although physical activity was not encouraged, an 

exercise facility was available at the unit. Subjects were instructed to report any physical 

activities in ajournaI during the first phase of the study, and to reproduce the same intensity 

and duration of activity on corresponding days of the second phase. A physician familiar 

with the study protocol and diets was available throughout the trial in case subjects 

experienced discomfort. Fasting blood samples were collected on dl, 26 and 28 of each 

dietary phase. Measurements on d 26 and 28 were taken to obtain a better endpoint estimate 

of circulating lipid concentrations and to quantify the day-to-day variation in these variables. 

Since the same menu was assigned to corresponding days across phases, foods consumed 
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preceding d 26 blood draws were identical, except for treatment fat, and similarly for d 28 

blood draws. In order to measure fatty acid excretion, total fecal samples were collected for 

3 d at midpoint of each phase, a period chosen to allow for sufficient adaptation to the 

experimental diets. Using the present protocol, each subject was tested during the same 

phase of her menstrual cycle for corresponding time points across study periods. 

5.3.3 I>iefs 

Experimental diets consisted of prepared North American solid foods, precisely weighed, and 

based on a 3-d rotating cycle menu. Diets were served as 3 isoenergetic meals per day, and 

provided 45% ofenergy as carbohydrate, 15% as protein, and 40% as fat, ofwhich 75% was 

delivered as treatment fat. The remaining 25% of total fat was found in the basal diet food 

items identical to both diets. Treatment fat, either FctO or control fat (BT), was directly 

incorporated into food items during meal preparation and cooking to effect blinding. The 

FctO consisted of3 major lipid components: MC T, phytosterols and n-3 PUFA. A 

combination ofMCT oil (50% of fat) (Neobee 1053, Stepan Company, Northfield, IL, US), 

butter (5% of fat) and coconut oil (5% of fat) comprised the MCT portion of the FctO. Tall 

oil phytosterols, with major components sitosterol, campesterol and sitostanol, in the 

unesterified form (Forbes phytosterols; Forbes Medi-Tech Inc, Vancouver, BC, Canada), 

were administered at a concentration of 22 mg/kg body weight per day (average daily intake 

= 1.81 g). Since plant sterols were dispersed in fat before being incorporated to foods, 

sufficient solubilization and intestinal availability were ensured. The n-3 PUF A portion of 

the oil was provided by flaxseed oil (5% of fat). Olive oil (10% of fat) was also present in 

the FctO to approach the proportion of monounsaturated fatty acids found in the BT diet. 
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The intake of each fat component was equally distributed over the three daily meals. 

Treatment fat for the control diet was composed exclusively ofbeeftallow. Forty-seven 

percent of total fatty acids in the FctO diet had:'S 12 carbons, while 66% of the fatty acids in 

the BT di et had 2': 18 carbons (Table 5-1). Average daily cholesterol intakes on FctO and BT 

diets were 349 mg and 418 mg, respectively. Non-fat and non-sterol constituents were 

identical across diets. 

In order to provide a targeted energy balance diet, the nutrient intake was adjusted to 

individual subject energy requirements using the Mifflin equation (Mifflin et al., 1990), to 

which an activity factor of 1.7 was multiplied to compensate for additional energy needs of 

active adults (Shils et al., 1999). The different energetic contribution of MCT and LCT, 34 

and 38 kJ/g respectively, were accounted for in the calculation of energy intake, hence FctO 

and BT diets were isoenergetic. During the first week of phase 1, energy intake was 

readjusted in order to re-establish energy balance. Energy intake was fixed thereafter and 

was identical during both dietary treatment phases. Body weight was monitored daily before 

breakfast during feeding periods. No extra food was allowed between meals, except for 

decaffeinated, energy-free carbonated beverages and herbaI teas, which were obtained from 

kitchen staff. One black coffee was allowed per day at breakfast. Health Canada 

recommendations (Health Canada, 1990) were met for aIl vitamins, mineraIs, fibre, 

carbohydrate subcomponents and essential fatty acids. The nutrient content of the diets, 

other than fatty acids, was determined with Food Processor (Esha Research, Salem, OR, US), 

a computerized dietary analysis pro gram equipped with a Canadian database. A weight 
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maintenance protocol was chosen to specifically determine the effects of the treatment oil, 

not weight loss, on the different parameters measured. 

5.3.4 Analyses 

5.3.4.1 Blood lipid measurement 

Blood samples were drawn after a 12 h overnight fast, and at least 24 h of alcohol abstinence 

(for dI), and collected in EDTA-containing Vacutainer® (BD, Franklin Lakes, NJ, US) 

tubes. Samples were immediately centrifuged at room temperature using a table top 

centrifuge for 15 min at 250 X g, and resulting plasma and red blood ceIl subfractions were 

refrigerated, separated within 1 h of collection, and stored at -80DC until analysis. AlI tubes 

were coded by an external party to blind investigators for analysis and data compiling 

procedures. Plasma total and HDL cholesterol, and TAG concentrations, were analyzed in 

quadruplicate with standardized reagents using a VP Autoanalyser (Abbott Laboratories, 

North Chicago, IL, US). Calibration of the machine prior to each run was performed as per 

the standardization proto co 1 of the Canadian Reference Laboratory (1996, Vancouver, BC, 

Canada), which involves direct comparison with fresh specimen samples. Certification for 

traceability using this method was maintained through the National Reference System. 

Measurement of HDL cholesterol in plasma was done after precipitation of apolipoprotein B 

with dextran sulphate and magne sium chloride (Warnick et al., 1982). LDL cholesterol 

concentrations were calculated using the Friedewald equation (Friedewald et al., 1972). 

Coefficients of variation for replicate analyses of total, HDL cholesterol and T AG 

concentrations were 1.4%,2.3%, and 3.1%, respectively. 
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5.3.4.2 Homocysteine and other aminothiols measurements 

Total Rey, cysteine, cysteinylglycine and glutathione were measured in fasting plasma 

samples using a modified isocratic high-performance liquid chromatography method with 

fluorescence detection of derivatized aminothiols, as previously described (Durand et al., 

1996). Aminothiols were reduced and released from pro teins by incubation with tri-n

buthylphosphine (10%) in dimethylformamide for 30 min at 4°C. Proteins were then 

precipitated with 0.6 mol/L co Id perchloric acid containing EDTA. Derivatization was done 

with ammonium 7-fluorobenzo-2-oxa-l,3-diazole-4-sulphonate (SBD-F) in sodium 

hydroxide and potassium borate at 60°C for 60 min. After cooling on ice, 10uL of samples 

were injected into a high-performance liquid chromatograph (System Gold; Beckman, 

Fullerton, CA, US) equipped with an analytical reverse phase column (C180DS, 

250X4.6mm, Beckman). Isocratic conditions were used with a 0.45:2 acetate:acetic acid 

buffer, pR 4.0, and a flow rate of 1.3 mL/min for 25 min. Fluorescence detection was carried 

with a 305-395nm excitation filter and a 430-470 nm emission filter. Acetyl-cysteine was 

used as internaI standard to allow quantification. The day-to-day CYs were 2.5%, 6.5%, 

3.2%, and 6.6% for Rey, cysteine, cysteinylglycine, and glutathione, respectively. 

5.3.4.3 Fatty acid composition determination 

Individual meals in each 3 d cycle diet, red blood cells on d 1 and d 28, and 3 d total fecal 

samples were analysed in duplicate for fatty acid composition by gas-liquid chromatography 

after lipid extraction (Folch et al., 1957), sodium hydroxide saponification (Al Makdessi et 

al., 1985) and boron-trifluoride methylation (Al Makdessi et al., 1985). Briefly,3 g of 

homogenized food or freeze-dried feces, or 2 g of red blood cells, were agitated with 
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methanol at 55°C for 15min. Following choloroform:hexane (1 :4) extraction, non-polar 

phases were evaporated under nitrogen gas. The residue obtained was saponified for 15 min 

at 80°C with 0.5 mol/L sodium hydroxide in methanol. After acidification with sulphuric 

acid, hexane extraction was performed to recover lipids. Fatty acids were methylated with 

boron trifluoride methanol:hexane:methanol (7:6:7, v/v/v) for 1h at IOO°C, and the resulting 

fatty acyl methyl esters (FAME) were extracted with hexane and sealed in crimp vials. Prior 

to lipid extraction of red blood cell samples, 0.1 % butylated hydroxytoluene (BHT) was 

added to minimize pero xi dation of long chain PUF A. 

Derivatized samples were injected via an autoinjector into agas chromatograph (HP 5890 

Series II; Hewlett Packard, Palo Alto, CA, US) equipped with a flame ionization detector, 

and a 30 m capillary column, with 0.2 mm internaI diameter and 0.25 um film thickness 

(SP2330; Supelco, Bellefonte, PA, US). The injector and detector temperatures were 200°C 

and 210°C respectively, and the split ratio was 100: 1. A multiple ramp temperature pro gram 

was used to separate individual FAME, and identification was done using relative retention 

times of authentic standards (Supelco, Bellefonte, PA, US). Fatty acid composition of each 

di et is reported in Table 4-1. The MCT oil was determined to be 0.1 g 6:0, 49.1 g 8:0, 49.8 g 

10:0 and 1.0 g 12:0, per 100 g of total fatty acids. Coefficients of variation for replicate food 

total fatty acid analyses, fatty acid content of different meals, and menu cycle days were 

12.3%,6.6%, and 2.6%, respectively. 
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5.3.5 Statistical analyses 

Data are reported as mean ± SEM. Dietary fatty acid composition is presented descriptively 

but was not analyzed statistically. ANOVA was carried out using a mixed model (Littell et 

al., 1998) for repeated measures, appropriate for crossover models (Ratkowsky et al., 1993), 

with factors ofphase, sequence, diet, time, time-by-phase interaction and time-by-diet 

interaction. Age and initial body weight were also tested as covariates. Paired Student's t 

test was then applied to the model to compare time points within dietary phases. Scheffe's 

adjustment was performed to identify significant differences between control and FctO diets 

at corresponding times. Separate comparisons between endpoints (mean of d 26 and 28) 

were also carried out with the mixed model. Pearson's product-moment correlations were 

carried out on residuals computed from the model, in order to assess specifie relationships 

between outcome measures. The level of significance for rejection of the null hypothesis 

was set at p < 0.05. Version 8.0 of SAS software (SAS Institute, Cary, NC, US) was used for 

aIl statistical analyses. 

5.4 RESULTS 

Twenty-two subjects enrolled, and 17 subjects completed both phases of the trial. Women 

who completed the trial were 44 ± 4 y of age and had initial BMI of 32 ± 1 kg/m2
. Mean 

fasting total cholesterol and TAG concentrations at screening were 5.12 ± 0.17 mmol/L and 

1.57 ± 0.14 mmol/L, respectively. Mean energy and fat intakes were 10.28 ± 0.31MJ/d 

(2458 ± 73 kcal/d) and 109.25 ± 3.25 g/d. Four subjects were smokers, and 8 were post

menopausal. For 16 of the subjects who completed the protocol, the washout period was 8-

wk; for logistical reasons, the washout period lasted only 4 wk for one subjects. 
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The FctO di et was generally well tolerated, except for minor gastrointestinal discomfort and 

occasional nausea during the first few days of consumption. Sorne subjects reported that the 

BT diet had an unpleasant smell, taste, aftertaste and/or mouth-feel. The FctO di et was 

generally preferred by subjects and was not reported to have any particular smell, taste or 

texture. 

Baseline values of all variables were not statistically different between dietary phases. Mean 

body weight decreased (p < 0.01) during both FctO (-0.87 ± 0.16 kg) and BT (-0.84 ± 0.22 

kg) phases, but no differential weight loss was discerned between dietary cycles. 

Mean plasma lipid concentration on dl, 26 and 28 of each feeding period, and percent 

change over time are presented in Table 5-2. Mean plasma total cholesterol concentration at 

endpoint was lower (p < 0.0001) on the FctO vs BT diet (4.37 ± 0.20 mmol/L vs 4.80 ± 0.20 

mmol/L), corresponding to a 9.1 % difference between diets. Relative to baseline, mean total 

cholesterol concentration declined by 0.24 mmoliL on d 26 ofthe FctO diet, while there was 

no change on the BT diet. The mean decrease in total cholesterol after 27 d of FctO 

consumption was 4.8%. 

Mean plasma LDL cholesterol concentration at endpoint was lower (p < 0.0001), by 16.0%, 

with FctO (2.39 ± 0.15 mmol/L) compared to BT (2.86 ± 0.16 mmollL) consumption (Figure 

5-1). Relative to baseline, LDL cholesterol concentrations decreased by 0.25 mmoliL on d 

26 and 0.28 mmoliL on d 28 of the FctO diet, while no significant change was observed on 

the control di et. A mean 10.4% decline in LDL cholesterol was found on the FctO phase. 
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HDL cholesterol concentrations remained unchanged during both feeding periods. Endpoint 

HDL:LDL and HDL:total cholesterol ratios were higher (p < 0.01), by 22.0% and 11.0% 

respectively, with FctO vs BT (0.574 ± 0.035 vs 0.478 ± 0.029 for HDL:LDL cholesterol and 

0.304 ± 0.12 vs 0.276 ± 0.010 for HDL:total cholesterol) feeding. Although no significant 

difference between diets was identified from the analysis of separate day measurements, a 

main effect of diet was noted for both ratios. Relative to baseline, HDL:LDL and HDL:total 

cholesterol ratios increased by 19.5% and 9.4% respectively on the FctO diet. 

Mean circulating plasma T AG concentrations were not different between diets. A marginally 

significant decrease from baseline was noted on d 26 of the BT diet. Percent changes in body 

weight and BMI were correlated with changes in TAG concentrations (r = 0.554, p < 0.001, 

for weight, and r = 0.544, P < 0.01 for BMI). Separate dietary correlation analysis revealed 

that the association between changes in T AG and body weight was only present in the BT 

diet (r = 0.705, P < 0.01) but nonexistent in the FctO diet, and likewise for the association 

between TAG and BMI (r = 0.697, p < 0.01). 

Plasma aminothiol concentrations on dl, 26 and 28, and percent change over time is 

presented in Table 5-3. Mean endpoint plasma total Hcy concentration was higher CP < 

0.0001) on the FctO vs BT di et (6.95 ± 0.33 ~mollL vs 6.27 ± 0.28 ~mollL), representing a 

mean 10.9% difference across diets. Relative to baseline, total Hcy concentration decreased 

on the BT diet by 5.4%, while a marginal increase was seen on d 26 of the FctO diet. 

Cysteine concentrations remained unchanged, although percent variations were marginally 

different between diets. Cysteinylglycine remained unchanged with BT, but decreased by 
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1.77 llmol/L on d 26 of FctO consumption. Glutathione increased from baseline on d 28 of 

the FctO di et by 0.44 I-lmoliL and did not vary with BT. 

Relative fatty acid composition of RBCs on d 1 and 28 of each dietary phase are presented in 

Table 5-4. Fatty acids with chain lengths of 6, 8, 10 and 12 carbons were not detected in this 

tissue. Proportion of 14:0, 16:0, 18:3n-3, EPA (20:5n-3) and the sum ofn-3 fatty acids was 

higher, and n-6:n-3 ratio was lower, on FctO compared to the BT diet. Beeftallow diet 

consumption decreased the proportion of 14:0,16:0, 18:3n-3 and EPA, and increased the 

proportion of 18:0, 20:4n-6 and 22:4n-6 in RBCs, compared to baseline. The sum ofn-6 

fatty acids increased by 1.2%, while the n-6:n-3 ratio increased by 7.9% after 27 d of BT 

feeding. FctO diet consumption increased tissue 18:3n-3, EP A and the sum of n-3 fatty 

acids, and decreased 18:1n-9, the sum ofmonounsaturated fatty acids and the ratio ofn-6:n-3 

fatty acids by 12.2%. DRA (22:6n-3), 22:5n-3 and the sum of saturated fatty acids remained 

unchanged on either diets. Changes in RBC fatty acids were not associated with those of 

plasma cholesterol or lipoproteins. There was a trend towards greater fecal FA excretion 

with FctO consumption compared to BT (0.47 ± 0.09 g/d versus 0.61 ± 0.08 g/d, 

respectively, p = 0.1). Changes in plasma cholesterol were not correlated with fecal fatty 

acid excretion. 

5.5 DISCUSSION 

The present results demonstrate that consumption of a combination of MCT, phytosterols and 

n-3 PUF A in a controlled diet for 27 d substantially lowers plasma total and LDL cholesterol 

concentrations, but does not affect circulating T AG or RDL cholesterol in healthy 
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overweight women. This research thus shows that dietary incorporation of MCT as a means 

ofpreventing weight gain or treating obesity, as previously suggested (Geliebter et aL, 1983; 

Hashim and Tantibhedyangkul, 1987), is also advisable in the context of CVD risk 

management. This FctO can therefore be of dual benefit. Although it is not possible from 

the present research to attribute each aspect of the lipid modulations to an individual 

component of the FctO, we have shown that, from a holistic approach, when combined with 

oils known for their health benefits, MCT can be consumed without adverse effects on CVD 

risk. 

A rigorously controlled partially-inpatient setting and crossover design were used for this 

study. Subjects slept and resided exclusively at the CNRU and consumed precisely 

controlled diets under supervision, thereby assuring compliance to the dietary regimen. The 

results obtained were therefore due to the differences in treatment oils. 

Beeftallow was selected as control fat to parallel the high degree of saturation of the FctO, 

while being free ofMCT. Beeftallow consumption did not alter any plasma lipid 

parameters; thus being an appropriate control. However, BT was associated with po or 

palatability for sorne subjects, and provided an average additional 69 mg/d of cholesterol to 

the control diet compared to the FctO di et. This is unlikely to have confounded plasma 

cholesterol concentrations since dietary cholesterol is now recognized to have a minor impact 

on circulating cholesterol values, as opposed to dietary fatty acid type or endogenous 

cholesterol (Jones and Papamandjaris, 2001). Although the BT diet was less palatable for 

sorne subjects, this would not have affected the parameters under study since subjects 
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remained healthy and compliant with food intake. Comparison of the fatty acid profile of the 

beef tallow di et with results from a recent nutritional survey show that when compared to 

recent data on the fat intake of Americans, our beef tallow di et contained more saturated fat 

(50.9% versus 33.3% for the typical American di et) and less polyunsaturated fat (7.2% 

versus 20.5% for the typical American diet; Popkin et al., 2001). 

The extent of cholesterol-Iowering relative to control observed in the present trial, 9.1 and 

16.0% for total and LDL cholesterol, respectively, correlates weIl with those seen in other 

plant sterol supplementation trials (Hendriks et al., 1999; Jones et al., 1999; Jones et al., 

2000; Miettinen et al., 1995; Pelletier et al., 1995; Tammi et al., 2000). When 

hypercholesterolemic subjects were fed tall oil phytosterols as part of a controlled diet for 30 

d, total and LDL cholesterol were lower by 9.1 % and 15.5%, compared to placebo (Jones et 

al., 1999). Therefore, it is appropriate to attribute aU ofthe cholesterol-Iowering of the FctO 

diet to phytosterols. In fact, the degree ofLDL cholesterol reduction relative to control with 

F ctO consumption would pro duce a reduction of up to 31 % in CVD risk, considering that 

each 1 % decrease in LDL cholesterol concentrations corresponds to a 2% drop in coronary 

heart disease risk (The Lipid Research Clinics Coronary Primary Prevention Trial, 1984). 

A major concem with MCT feeding in an overweight population is the anticipated rise in 

plasma TAG concentrations. To offset this possible negative effect ofMCT consumption, n-

3 PUF A, obtained from flaxseed oil were added in the FctO, which provided approximately 

5.0g of ALA. In contrast to marine sources ofn-3 PUFA, flaxseed oil is tasteless, odourless, 

and does not require encapsulation for stability, thus, it can be acceptably incorporated to a 
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great variety of foods. The lack of effect of FctO consumption on TAG concentrations may 

be due to a TAG-suppressing action of ALA, or alternatively, to a lack ofTAG-raising effect 

ofMCT. Unchanged plasma TAG concentrations have indeed been reported following MCT 

(Cater et al., 1997; Tsai et al., 1999; Asakura et al., 2000; Temme et al., 1997; Wardlaw et 

al., 1995), and flaxseed oil supplementation (Layne et al., 1996; Cunnane et al., 1993; Pang 

et al., 1998; Goh et al., 1997). However, TAG were reduced at the high flaxseed oil intake of 

60 mL per day for 2 wk (Singer et al., 1986). With background diets low in total and 

saturated fat, lower ALA intakes were needed to effect T AG lowering (Indu and 

Ghafoorunissa, 1992). The 2-fold increase in tissue EPA on the FctO diet confirms the 

conversion of ALA to this long chain n-3 PUF A. Flaxseed oil feeding has been reported to 

increase EPA only (Mantzioris et al., 1994; Singer et al., 1994; Goh et al., 1997), although 

small changes in DHA have aiso been observed (Layne et al., 1996). Nevertheless, EPA and 

DHA should have similar TAG-suppressing abilities (Grimsgaard et al., 1997). 

Reduced dietary fat excretion, perhaps reflecting greater intestinal absorption, was observed 

on the FctO as compared to the BT di et. The easier and faster digestion and absorption of 

MCT vs LCT has been documented and is confirmed by MCT use in mal absorption disorders 

(Indu and Ghafoorunissa, 1992). Improved absorption ofMCT relative to LCT, combined 

with equal fat intake, may have compensated for the negative effect of MCT on energy 

balance, thus explaining the lack of differential weight loss between diets. Differences 

between MCT and LCT absorption should be corrected for in future energy balance studies. 
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A reduction in plasma total Hcy was anticipated since the experimental diets were high in 

folate, vitamin B12, and vitamin B6 (respective mean daily intakes: 409 flg, 4.29 flg and 2.67 

mg). Therefore, the observed higher Hcy endpoints following FctO vs BT consumption were 

unexpected. Total Hcy concentrations remained within normal ranges in these subjects. 

Thus, this effect should be of little clinical significance, especially in comparison to the 

substantial improvement in CVD risk profile imparted by the reductions in circulating 

cholesterol. 

In conclusion, consumption of MCT, when administered together with phytosterols and 

ALA, results in an overall positive influence on lipid profiles in healthy overweight women. 

This finding supports the concept of use of such a combination of dietary ingredients in the 

optimization of health risk reduction from the cardiovascular disease perspective. 
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5.7 FIGURE LEGEND 

Figure 5-1. 

Effect of the BT diet and the FctO di et on mean and individual end-point (d 26/28) plasma 

LDL cholesterol concentrations in overweight women subjects (n=17). * FctO < BT, p < 

0.0001. 
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TABLE 5-1. Fatty acid composition of experimental diets 1 

8:0 

10:0 

12:0 

14:0 

16:0 

18:0 

18:1n-9 

18:2n-6 

18:3n-3 

L:SFA 

L:MUFA 

P:S ratio 

n-6:n-3 ratio 

Beef tallow di et Functional oil diet 

g/1 OOg of total fatty acids 

Trace 

0.2 ± 0.1 

0.3 ± 0.1 

3.4 ± 0.4 

26.1 ± 0.9 

20.3 ± l.1 

38.5 ± l.6 

6.4 ± 1.6 

0.8 ± 0.1 

50.9 ± 0.5 

41.9±0.4 

0.14±0.01 

7.2 ± 0.3 

19.4±2.0 

23.6 ± 2.3 

3.9 ± 0.6 

2.6 ± 0.5 

10.1 ± l.1 

3.8 ± 0.6 

23.6 ± 3.5 

7.1 ± 1.6 

4.6 ± 1.3 

63.8 ± l.0 

24.4 ± 0.8 

0.19±0.01 

1.5±0.1 

1 Mean±SEM composition of9 meals from the 3-day menu, analyzed in duplicates, thus 

representing 18 measurements for each di et. 
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TABLE 5-2. Effect of experimental diets on plasma lipid concentrations 1 

Plasma lipid parameter Beef tallow diet Functional oil di et 

Total cholesterol 2 (mmol/L) 

Baseline 4.77±0.17 4.58 ± 0.21 

Endpoint 4.80 ± 0.20 4.37 ± 0.20 3,4 

Change (%) 0.6 _4.6 5 

LDL cholesterol 2 (mmol/L) 

Baseline 2.76 ± 0.12 2.66 ± 0.15 

Endpoint 2.86 ± 0.16 2.39 ± 0.15 3,4 

Change (%) 3.6 -10.2 4 

HDL cholesterol (mmollL) 

Baseline 1.33 ± 0.07 1.30 ± 0.08 

Endpoint 1.32 ± 0.07 1.32 ± 0.08 

Change (%) -0.8 1.5 

HDL:LDL cholesterol ratio 6 

Baseline 0.490 ± 0.029 0.495 ± 0.026 

Endpoint 0.481 ± 0.031 0.576 ± 0.036 3 

Change (%) -1.8 16.4 

HDL:total cholesterol ratio 7 

Baseline 0.279 ± 0.012 0.281 ± 0.010 

Endpoint 0.276 ± 0.010 0.304 ± 0.012 3 

Change (%) -1.0 8.2 

Total triacylglycerols (mmollL) 
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Baseline 

Endpoint 

Change (%) 

1.48±0.12 

8 1.37 ± 0.13 

-7.4 

1.36 ± 0.15 

1.42 ± 0.13 

4.4 

1 Mean±SEM; n= 1 7 women for each period, except for day 1 and percent change on the 

functional oil diet (n=16). 

2,6,7 Significant main effect of diet, 2 P<O.OOOI, 6 P<O.OI, 7 P<0.05. 

3 Significantly different from day 1 within dietary phase, P<0.05. 

4 Significantly different from the control diet, P<0.05. 

5 Trend toward significant difference from the control diet, P<O.I. 

8 Trend toward significant difference from day 1 within dietary phase, P<O.I. 
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TABLE 5-3. Effect of experimental diets on plasma aminothiol concentrations 1 

Beef tallow diet Functional oil diet 

Homocysteine 2 (umollL) 

Day 1 6.68 ± 0.33 6.55 ± 0.33 

Day 26 6.27 ± 0.29 3 6.95 ± 0.34 4,5 

Change (%) -6.1 6.1 6 

Cysteine (umol/L) 

Day 1 225 ± 7 217 ± 9 

Day 26 221 ± 7 228 ± 9 

Change (%) -1.7± 1.8 5.1 7 

Cysteiny Igl ycine (umollL) 

Day 1 24.9±1.4 24.9 ± 1.3 

Day 26 24.2 ± 1.3 23.5 ± 0.9 3 

Change (%) 2.8 -5.6 

Glutathione (umol/L) 

Day 1 3.10 ± 0.32 2.93 ± 0.36 

Day 26 3.23 ± 0.27 3.34 ± 0.25 

Change (%) 4.2 14 

1 Mean±SEM; n= 17 women for each period, except for day 1 and percent change on the 

functional oil di et (n=16). 

2 Significant main effect of diet, P<O.OOO 1. 

3 Significantly different from day 1 within dietary phase: P<0.05. 

4,6 Significantly different from the control diet, 4 P<0.05, 6 P<O.OI. 
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5 Trend toward significant difference from day 1 within dietary phase, P<O.l. 

7 Trend toward significant difference from the control diet, P<O.l. 
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TABLE 5-4. Fatty acid composition of red blood cells at beginning and end of 

14:0 2 

16:0 5 

18:0 

18:1n-9 

18:2n-6 

18:3n-3 7 

20:4n-6 9 

20:5n-3 7 

22:4n-6 2 

22:5n-3 

22:6n-3 

I:SFA 

I:MUFA 

experimental diet supplementations 1 

Beef tallow di et Functional oil diet 

Day 1 Day 28 Day 1 Day 28 

G Il OOg of identified fatty acids 

0.34 ± 0.03 0.26 ± 0.02 3 0.34 ± 0.03 0.38 ± 0.03 4 

21.57 ± 0.37 19.93 ± 0.30 6 21.15±0.41 21.19 ± 0.44 4 

11.21 ± 0.40 12.41 ± 0.33 3 11.13 ± 0.45 Il.48 ± 0.43 

21.93 ± 0.40 21.68 ± 0.38 22.19 ± 0.62 21.05 ± 0.37 3 

12.20 ± 0.54 Il.87 ± 0.45 12.17 ± 0.62 11.46 ± 0.65 

0.08 ± 0.01 0.05 ± 0.01 3 0.08 ± 0.01 0.18 ± 0.02 6,8 

16.75 ± 0.30 17.72 ± 0.32 3 16.16±0.41 16.60 ± 0.37 

0.84 ± 0.04 0.66 ± 0.06 10 0.80 ± 0.09 1.13 ± 0.08 6,8 

3.51 ± 0.17 4.18±0.24 3 4.81 ± 0.45 4.64 ± 0.42 

3.84 ± 0.15 3.76±0.19 3.72 ± 0.17 4.00 ± 0.19 

4.49 ± 0.20 4.47±0.16 4.30 ± 0.27 4.56±0.18 

33.11 ± 0.37 32.60 ± 0.47 32.62 ± 0.55 33.05 ± 0.67 

22.81 ± 0.41 22.41 ± 0.41 22.94 ± 0.60 22.04 ± 0.40 3 

1 Mean±SEM; n=17 women for each period, except for day 1 of the functional oil diet 

(n=16). 

2, 7,9 Significant main effect ofdiet, 2p < 0.01,7 P < 0.0001, 9p < 0.05. 

5 Trend toward significant main effect of diet, p = 0.0576. 
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3,6,10,12 Significantly different from day 1 within dietary phase, 3 p < 0.05, 6 P < 0.000 1, 

IOp < 0.01, l2p < 0.001. 

4,8, Il Significantly different from the beeftallow di et at corresponding time points, 4 p < 0.0 l, 

8 p < 0.0001, Il P < 0.05. 
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Figure 5-1. 
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BRIDGE 5. 

The foUowing chapter examines the effects of medium chain triglyceride consumption, in 

combination with taU oil phytosterols and flaxseed oil, on plasma lipid concentrations. 

Results from the trial in women show that this combination provides protection against 

cardiovascular disease compared to a diet rich in beeftallow. However, for the men, the 

control oil was modified to olive oil. It was thus necessary to establish how the medium 

chain triglyceride and phytosterol ri ch functional oïl would compare to an oil that is 

considered to be one ofthe most heart healthy vegetable oils (Stark and Zecharia, 2002). 

AIso, in addition to the traditional measures of cardiovascular disease risk such as plasma 

total, low density lipoprotein, and high density lipoprotein cholesterol and triglyceride 

concentrations, chapter 6 examines the effect of functional oil and olive oil consumption of 

low density lipoprotein particle size. Characterization of low density lipoprotein particles, in 

addition to plasma lipid profile, may provide a better indicator of cardiovascular disease risk 

than plasma lipid profile alone. 
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6.1 ABSTRACT 

Medium chain triglycerides (MCT) have been proposed as weight lowering agents, however, 

there is sorne concern regarding their hyperlipidemic effect. This study evaluated the effects 

of a combination of MCT oil, phytosterols and flaxseed oil (FctO) on plasma lipid 

concentrations and low-density lipoprotein (LDL) particle size. Twenty-four healthy 

overweight men (body mass index 28.2 ± 0.4 kg/m2
), consumed controlled diets designed to 

maintain weight for two periods of 29 d each. Diets contained 40% of energy as fat, 75% of 

which was added fat, either FctO or olive oil (OL). Body composition and blood samples 

were analyzed at baseline and endpoint of each period. Total cholesterol concentrations 

decreased (-0.68 mmol/L; p = 0.001) by 12.5 versus 4.7% with consumption of FctO and OL, 

respectively (p = 0.06 for between diet difference). Similarly, FctO consumption lowered (p 

= 0.02) LDL cholesterol concentrations by 13.9% whereas OL consumption did not. There 

was no difference in absolute change in LDL cholesterol between FctO and OL consumption. 

There was a trend (p = 0.07) towards increased peak LDL particle size with FctO 

consumption with no change in proportion of large, medium, or small particles. The change 

in peak LDL particle size was greater with FctO compared to OL consumption (p = 0.03). It 

can be concluded that a diet containing FctO results in better lipid profile than a control di et 

rich in OL and leads to larger lipoprotein particle size. Functional oil consumption can 

therefore help reduce the risk of cardiovascular disease. 

Key words: Medium chain triglycerides, phytosterols, cholesterol, low-density lipoprotein 

cholesterol, lipoproteins 

132 



6.2 INTRODUCTION 

Medium chain triglycerides (MeT) have been the subject of much research for their 

purported effects on energy metabolism. In fact, many animal studies (Baba et al., 1982; 

Geliebter et al., 1983; Lasekan et al., 1992; Rothwell and Stock, 1987) and human trials 

(Dulloo et al., 1996, Seaton et al., 1986; Scalfi et al., 1991; St-Onge et al., 2003; St-Onge et 

al., in press; White et al., 1999) have shown that consuming diets rich in MeT increase 

energy expenditure and fat oxidation. Animal studies have also demonstrated 10wer body 

gain and size of fat depots with MeT consumption compared to long chain triglyceride 

(LeT) consumption. These effects of MeT on energy metabolism have prompted 

researchers to propose their use in the prevention or treatment of obesity. 

Despite potential benefits in EE, triglycerides (TG) containing medium chain fatty acids 

(MCF A) have been shown to unfavorably alter plasma lipid profiles in humans (Cater et al., 

1997; Hill et al., 1989; Swift et al., 1992). Cater et al. (1997) have shown that in men 

consuming controlled diets ri ch in either MCF A (octanoate and decanoate), palm oil, or 

sunflower oil, the palm oil and MCF A containing diets increased total cholesterol (TC) and 

low-density lipoprotein cholesterol (LDL-C) concentrations to approximately the same 

extent. However, the MCF A containing diet also increased TG concentrations to a greater 

extent than diets containing palm oil and sunflower oil. Swift et al. (1992) have also 

observed increased TG concentrations with MeT consumption compared to a di et containing 

mostly LCT. However, these investigators observed no difference in TC and LDL-C 

concentrations but a decrease in high-density lipoprotein cholesterol (HDL-C) 

concentrations. After an overfeeding period with a diet containing MCT, Hill et al. (1989) 
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reported an increase in fasting circulating TG concentrations whereas the same diet 

containing LCT did not result in any change in TG concentrations. These unfavorable effects 

of MCT consumption on blood lipid concentrations thus render unhealthy the use of MCT for 

the prevention of obesity from the cardiovascular disease risk perspective. 

In order to make applicable the use of MCT in obesity prevention strategies, a functional oil 

(FctO) containing a blend ofvegetable oils and plant sterols known for their 

hypocholesterolemic properties was created. This FctO contains mostly MCT oil but also tall 

oil phytosterols as well as coconut, flaxseed, and olive oil. Flaxseed oil is a rich source of n-

3 fatty acids and has been shown in sorne studies to decrease TC and LDL-C concentrations 

(Cunnane et al., 1993). Phytosterols have also been shown to reduce TC and LDL-C 

concentrations by approximately 9 and 13%, respectively (Hendriks et al., 1999; Jones et al., 

1999; Jones et al., 2000). We therefore hypothesized that consumption of a diet containing 

this FctO ri ch in MCT and phytosterols would result in a favorable lipid profile when 

compared to a diet containing olive oil (OL) as the main fat source. As a secondary 

hypothesis, the effects of FctO consumption versus OL on LDL peak particle size and 

distribution ofLDL particle size were evaluated. 

5.3 METHODS 

5.3.1 Human subjects 

Thirty men, aged 26 to 61 y, with TC and TG concentrations below 7.0 mmol/L and 3.0 

mmol/L, respectively, who had no history of diabetes, hypothyroidism, hypertension, or other 

known metabolic disorders, and had a body mass index between 25 and 31 kg/m2 were 
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recruited into the study. The experimental protocol was approved by the Ethics Committee 

of the Faculty of Agriculture and Environmental Sciences at McGill University. All subjects 

were informed of the protocol and had the opportunity to discuss the procedures with the 

research coordinator prior to signing a consent form. 

5.3.2 Protocol and diet 

Subjects were randomly assigned to one of two dietary treatments in a cross-over design. 

Experimental phases were separated by a 4-wk washout period and differed only in the type 

of fat incorporated in the di et. Diet composition is shown in Table 6-1. Both diets were 

designed to meet Canadian nutrient recommendations and contained 15, 40, and 45% of 

protein, fat, and carbohydrates, respectively. Of the total dietary fat, 75% was treatment fat, 

either FctO or OL; the rest ofthe fat was provided by foods in the basal diet. 

The FctO, was prepared by heating MCT oil and coconut oil and dissolving tall oil 

phytosterols (64.7% sitosterol, 10.3% sitostanol, 6.7% campesterol, and 1.5% campestanol; 

Forbes Medi-Tech Inc, Vancouver, Canada) at a concentration of3.4% ofthe total weight. 

The concentration of phytosterols was chosen to provide approximately 22 mg 

phytosterols/kg body weight daily (Jones et al., 1999) when total FctO consumption was 

adjusted for each subject's energy intake. Subjects thus consumed an average of 3.38 ± 0.07 

g phytosterols/d. Once the phytosterols were dissolved, the oil was left to cool, after which 

olive oil and flaxseed oil were added. The oil was refrigerated at 4°C until use. Table 6-2 

shows the fatty acid composition of the FctO, as assessed by gas chromatography. 
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The basal diet consisted oftypical North American foods. Diets were designed to maintain 

weight and energy intake was calculated based on height, weight, and age using the Mifflin 

equation (Mifflin et al., 1990) and adjusting for activity level by multiplying by a factor of 

1.7. Three isoenergetic meals were provided by the staff of the Mary Emily Clinical 

Nutrition Research Unit (CNRU) of McGill University daily, two ofwhich were consumed 

under supervision at the CNRU. Subjects consumed the same amount of energy during both 

treatment phases. 

Body composition and energy expenditure were measured at baseline and endpoint of each 

treatment phase. Whole body magnetic resonance images were acquired at 4 cm intervals 

using 1 cm slice thickness. The scanner (Siemens, Mississauga, Canada) was land-marked at 

the L4-L5 vertebrae and at the femoral and humoral heads, allowing for determination of 

regional body composition. Energy expenditure was assessed using indirect calorimetry. A 

description of the procedures and data obtained for body composition and energy expenditure 

measurements is in press (St-Onge et al, in press). 

5.3.3 Lipoprotein lipid analyses 

Blood samples were collected before breakfast on dl, 28 and 29 of each experimental phase 

after a 12 h fast. Samples were immediately centrifuged for 20 min at 1500 rpm and plasma 

and red blood cells were separated before storing samples at -80°C. Plasma TC, HDL-C and 

TG concentrations were analyzed using a VP Autoanalyzer and corresponding standards, 

reagents, and enzymatic kits (Abbott Laboratories, Chicago, USA). Low-density lipoprotein 

cholesterol concentrations were calculated using formula from Friedewald et al. (1972). 
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5.3.4 Determination of LDL peak particle density 

Nondenaturing 2-16% polyacrylamide gradient gel electrophoresis was performed on whole 

plasma as described by St-Pierre et al. (2001). Briefly, gels were prepared in batches in our 

laboratory. Aliquots of3.5 ilL of plasma were mixed with a sampling buffer containing 20% 

sucrose and 0.25% bromophenol blue in aI: 1 volume ratio. Electrophoresis was performed, 

after a 15 min pre-run, at 150 V for 3 h. Gels were stained for 1 h with Sudan black (0.07%) 

and stored in a 0.81 % acetic acid 4% methanol solution until analysis. The Imagemaster 1-D 

Prime computer software (Amersham Pharmacia Biotech, Piscataway, NJ) was used to 

analyze the gels. A mean LDL particle diameter was also computed using the approach 

described by Tchernof et al. (1996). Briefly, the mean LDL particle size was calculated by 

integrating the relative contribution of each LDL particle subclass within a sample and 

corresponded to the weighted mean of aU LDL subclasses. This integrated LDL particle size 

was calculated as the sum of LDL subspecies' diameter multiplied by its relative proportion. 

Identification of the major LDL peak shows a coefficient of variation of <2% between assays 

(St-Pierre et al., 2001). Baseline samples from 2 subjects were lost during processing of 

LDL particle size determination and therefore, changes in concentrations are reported for 22 

subjects whereas endpoint comparisons were done for 24 subjects. 

5.3.5 Analysis of data 

Baseline values were calculated as the average of screening value and d 1 for each lipid 

parameter. Endpoint values were calculated as the average concentration of each given 

parameter on d 28 and 29. Differences between endpoints of each dietary period were tested 

using paired Student t-test (SAS/STAT version 8, SAS Institute, Cary, USA). Similarly, a 
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paired Student t-test was used to determine differences between changes in plasma lipid 

parameters between endpoint and baseline with FctO and OL consumption. Samples from d 

1 and d 27 were used to ana1yze LDL particle size. For lipid concentrations, paired Student's 

t-tests were used to assess differences in endpoint values as weU as differences in change 

from baseline between FctO and OL dietary periods. Simple correlations were conducted to 

assess relationships between changes in body composition and changes in blood lipid 

parameters. Correlations were done on pooled data from the two experimental phases. 

Upper body adipose tissue (AT) was taken as total AT from images at and above the L4-L5 

vertebrae and intramuscular AT (IMA T) consisted of aU visible AT around and within 

muscle fibers but under the muscle fascia. AU results are reported as means ± standard error 

of the mean (SEM). A probability value of 0.05 was used to determine significance of 

results. 

5.4 RESULTS 

Twenty-four subjects successfuUy completed the research trial. Two subjects withdrew from 

the trial after the first phase for work (n = 1) and health (n = 1) related reasons not pertaining 

to treatments and three were asked to withdraw from the study for observed non-compliance 

with the research protocol. Data from one subject were not analyzed due to difficulties with 

the acquisition of images during the last magnetic resonance imaging scan. AU subjects 

consumed at least two meals per day under supervision at the CNRU. For aU meals eaten at 

home, foods were reported to have been entirely consumed. We thus consider compliance 

with the study protocol to be acceptable. Body weights decreased by -1.03 ± 0.25 kg with 

FctO consumption and -0.62 ± 0.29 kg with OL consumption. 
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Table 6-3 shows plasma lipid values at baseline and endpoint, as well as change from 

baseline with consumption of FctO and OL. Functional oil consumption resulted in a 

decrease in TC of 0.68 ± 0.17 mmol/L compared to 0.25 ± 0.17 mmol/L for consumption of 

the OL di et (Figure 6-1). There was a significant change in TC with FctO consumption (-

0.85 to -0.50 mmol/L, p = 0.001). Endpoint values for TC were lower (CI 4.30 to 5.11 

mmol/L, p = 0.012) after 28 d of consumption of a di et containing FctO compared to one rich 

in OL (CI 4.58 to 5.46 mmol/L). 

Functional oil consumption caused a faH of 0.48 ± 0.19 mmol/L (CI -0.85 to -0.10 mmol/L, 

p = 0.02) in LDL-C concentrations whereas OL resulted in a drop of 0.15 ± 0.15 mmol/L (CI 

-0.30 to 0.15 mmol/L, p = 0.16 for between diet difference; Figure 6-1). Low-density 

lipoprotein cholesterol concentrations were lower (p = 0.03) at the end of the FctO feeding 

period compared to the OL feeding period (Table 6-3). 

Consumption ofthe FctO did not result in any change in TG concentrations compared to 

consumption of OL. Endpoint TG values and were not different between FctO and OL 

consumption periods. Endpoint HDL-C concentrations after each dietary period were 

similar, however, FctO resulted in a decrease (p = 0.04) in HDL-C from baseline which may 

be due to slightly higher (p = 0.07) baseline HDL-C values at baseline with the FctO 

compared to the OL period (Table 6-3). 

Table 6-4 shows LDL partic1e characteristics after consumption of FctO and OL for 28 d. 

Peak LDL partic1e size tended to increase (p = 0.07) with FctO consumption from 257.53 ± 
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0.98 Â to 258.51 ± 0.78 Â. The change in peak LDL partic1e size with FctO consumption 

was different from OL (0.90 ± 0.47 A versus -0.80 ± 0.60 A, respectively, p = 0.03) There 

was no within diet effect of FctO or OL on LDL integrated size, or proportions oflarge, 

medium, or small LDL partic1es. However, there was a trend CP = 0.09) towards greater LDL 

integrated size at endpoint with FctO compared to OL consumption. AIso, the change in 

proportion oflarge LDL tended (p = 0.10) to be different between FctO and OL consumption 

with FctO tending to increase the proportion of large LDL whereas OL tended to cause a 

decrease in large LDL particles. 

Correlation analyses showed that change in upper body AT was positively correlated with 

change in TC Cr = 0.383, p < 0.01) and LDL-C (r = 0.369, p < 0.01) concentrations, but not 

with changes in TG and HDL-C concentrations, or LDL partic1e size. Intrarnuscular AT was 

also positively correlated with changes in TC Cr = 0.334, P < 0.05) and LDL-C Cr = 0.306, P < 

0.05) concentrations. As was observed with change in upper body AT, there was no 

correlation between change in IMAT and change in TG and HDL-C concentrations, nor with 

changes in LDL particle size. 

6.5 DISCUSSION 

This study shows for the first time that consumption of a combination of MCT oil, 

phytosterols, and flaxseed oil creates a more beneficiallipid profile and favorably alters LDL 

particle size compared to OL in mildly hypercholesterolemic men using a randomized 

crossover design with strictly controlled diets. In addition, only one study to date has 

examined diets supplemented with phytosterols on LDL particle size (Matvienko et al., 2002) 
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and only one trial has looked at dietary fatty acid composition in relation to LDL particle size 

(Kratz et al., 2002). Our results show that, compared to OL, which has been proposed to 

improve circulatory lipid patterns (Stark and Madar, 2002), FctO caused lower endpoint TC 

and LDL-C concentrations and led to favorable changes in LDL particle size. Therefore, 

FctO may be considered a healthy alternative to other dietary fats. Furthermore, this study is 

the first to establish a link between change in IMAT and change in TC and LDL-C 

concentrations. 

The findings that changes in lM AT are correlated with changes in TC and LDL-C 

concentrations are highly novel. The few trials that have focused on the metabolic effects of 

IMAT have examined its relationship with insulin sensitivity (Goodpaster et al., 1997; 

Goodpaster et al., 2000a; Goodpaster et al., 2000b; Phillips et al., 1996). No previous trial 

has examined the relationship between IMAT and lipid concentrations. Nevertheless, the 

trials that have been conducted to date demonstrate that IMA T is a metabolically active 

depot. Furthermore, IMAT has been shown to be increased in obesity and to respond to 

weight loss (Goodpaster et al., 2000b). Results obtained in this trial shows that reductions in 

IMAT are associated with positive effects on plasma TC and LDL-C concentrations. 

An important ingredient ofthe blended FctO was its plant sterol content. Declines in TC and 

LDL-C concentrations observed in this study are in agreement with data from other studies 

examining the effects of phytosterols on blood lipid concentrations (Hendriks et al., 1999; 

Jones et al., 1999; Jones et al., 2000). In a controlled feeding experiment in which subjects 

consumed 1.8 g taU oil phytosterols/d, it was found that phytosterols caused a decrease in TC 
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and LDL-C concentrations of 19.5 and 24.4%, respective1y, compared to 10.4 and 8.9%, 

respectively, for the control di et not containing phytosterols (Jones et al., 1999). In other 

controlled feeding studies, Jones et al. (2000) and Hendriks et al. (1999) found overall 

decreases in TC of7.4% and 4.9-6.8%, respectively. These results are similar to those 

obtained in the present study in which the phytosterol-containing diet (FctO) decreased TC 

and LDL-C concentrations by 12.6%and 13.9%, respectively. Therefore, it can be assumed 

that the dose of phytosterols given in this trial, approximately 3.4 g/d, was appropriate and 

effective in optimizing changes in TC and LDL-C concentrations and was most likely the 

major factor responsible for the observed changes in TC and LDL-C concentrations. 

In this study, FctO did not cause any change in TG concentrations. This is concordant with 

results observed in previous research examining the effects of plant sterols on plasma lipid 

concentrations (Hendriks et aL, 1999; Jones et aL, 1999; Jones et al., 2000). 

Notwithstanding, the intake ofMCT was expected to increase TG concentrations as had been 

previously observed in humans (Cater et al., 1997; Hill et al., 1989; Swift et al., 1992) 

although in a hamster model, octanoate had similar effects as cis- and trans-oleate 

consumption on TG levels (Nicolosi et aL, 1998). However, in human work, MCT 

consumption levels were higher than those in the present study. Effects of MCT 

consumption on TG may depend on the absolute amount ingested or, as in our study, may 

have been offset by the presence of other sources of fat. Although flaxseed oil was added to 

the MCT diet in attempt to diminish TG concentrations, previous studies have also shown the 

lack of effect of flaxseed n-3 fatty acids in decreasing TG concentrations (Kelley et al., 1993; 

Layne et al., 1996; Pang et aL, 1998). Conversely, others have found that providing large 
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amounts of flaxseed oil (Singer et al., 1986) or flaxseed oi1 in combination with a low 

saturated fat diet (Indu and Ghafoorunissa, 1992), produced a lowering in TG concentrations. 

When Pedersen et al. (2000) compared diets differing in fat type, it was found that the diet 

resulting in the most favorable lipid profile was the rapeseed oil diet which contained 6% of 

total fat as a-linolenic acid. Our FctO diet contained approximately 5% of total fat as 

flaxseed oil and approximately 3.7% of a-linolenic acid, a level of a-linolenic acid similar to 

that recommended by de Deckere et al. (1998) to decrease coronary heart disease risk. 

Another novel aspect of this study is the analysis of LDL particle characteristics. It has been 

shown that small, dense LDL are associated with increased risk of coronary heart disease (St

Pierre et al., 2001; Austin et al., 1988; Campos et al., 1992; Lamarche et al., 1997) yet few 

intervention studies have examined the role of lipid-Iowering dietary agents on LDL particle 

size. The results ofthis study suggest that consumption of a diet containing MeT, 

phytosterols, and flaxseed oil may result in a more favorable distribution ofLDL subclasses 

than consumption of a diet ri ch in OL. A recent trial (Kratz et al., 2002) reported that 

unsaturated fats, such as those contained in olive, rapeseed and sunflower oils, lower LDL 

peak particle size relative to saturated fats and do so to a similar extent. Results from the 

present trial also show that consumption of the OL diet, which is rich in monounsaturated 

fatty acids, tended to lead to smaller LDL particles than the FctO diet, which contained large 

amounts of saturated fatty acids. It is therefore possible that the high saturated fatty acid 

content ofthe FctO caused the more beneficial change in LDL particle size distribution. 

Phytosterol consumption has recently been shown not to affect LDL particle size compared 

to placebo (Matvienko et al., 2002). It is therefore unlikely that phytosterols contained in the 
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FctO diet had any impact on LDL particle size since phytosterols do not affect TG or HDL-C 

concentrations (Hendriks et al., 1999; Jones et al., 1999; Jones et al., 2000). Plasma TG 

concentrations are positively associated with small dense LDL particles while plasma HDL

C concentrations have been shown to be negatively correlated with the small dense LDL 

phenotype (Tchernof et al., 1996). 

Finally, although our study does not allow precise determination of the effects of specific fat

soluble constituents included in the FctO on individual plasma lipid concentrations, it does 

demonstrate that this combination of oils and plant sterols is healthy from a cardiovascular 

perspective. Therefore, given the recent interest the in use of MCT as agents which up

regulate energy expenditure and fat oxidation (Dulloo et al., 1996; Seaton et al., 1986; Scalfi 

et al., 1991; St-Onge et al., 2003; St-Onge and Jones, 2002; White et al., 1999), including the 

FctO in a typical North American diet in place of oils containing LCT might be expected to 

pro duce favorable health effects through actions directed to energy balance and weight 

control. In conclusion, the present study demonstrates that an MCT -containing oil blend 

possesses substantial potential to reduce cardiovascular disease risk through its beneficial 

actions in lipid level modulation and body composition. 
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6.7 FIGURE LEGEND 

Figure 6-1. 

Change in plasma total and LDL-cholesterol with FctO (closed squares) and OL (open 

squares) consumption for 28 d. Values are means ± SEM, n=24. * Significantly different 

from zero (p<O.05) tested using paired Student's t-test. 
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Table 6-1. Macronutrient composition of the functional oH and olive oH diets. 

Nutrient (% of energy) FctO OL 

Protein 15 15 

Carbohydrate 45 45 

Fat 40 40 

MCT oil 19.5 0 

Coconut oil 1.8 0 

Canola oil 2.1 0 

Olive oil 3.9 30 

Flaxseed oil 2.1 0 
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Table 6-2. Fatty acid composition of the functional oH. 

Fattyacid Functional oil (%) 

6:0 0.17 

8:0 36.95 

10:0 30.35 

12:0 3.61 

14:0 1.06 

16:0 3.52 

16:1 0.23 

18:0 0.65 

18:1 13.81 

18:2n-6 4.62 

18:3n-3 4.94 

20:0 0.05 
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Table 6-3. Plasma lipid concentrations (mmol/L) with consumption of diets rich in 

functional oH (FctO) or olive oH (OL) for 28 d. 

Diet TC (mmol/L) HDL-C (mmol/L) 

FctO Baseline 5.38±O.l7 1.12±0.06* 

Endpoint 4.71±0.21 * 1.01±0.05 

Change -0.68±O.l7**t -0.11±0.05 

OL Baseline 5.27±0.23 1.05±0.06 

Endpoint 5.02±0.23 1.00±0.06 

Change -0.25±0.17 -0.05±0.04 

* Significant difference between diets, p < 0.05. 

** Significantly different from baseline. 

LDL-C (mmol/L) 

3.43±0.18 

2.96±0.20* 

-0.48±0.19** 

3.41±0.20 

3.26±0.23 

-0.15±O.15 

t Trend towards greater change with FctO vs OL, P = 0.058 

TG (mmol/L) 

1.81±0.16 

1.61±0.15 

-0.20±0.14 

1. 77±O.l5 

1.67±0.20 

-O.10±O.O8 
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Table 6-4. LDL size and distribution after consumption of functional oil (FctO) and 

olive oH (OL) for 28 d. 

LDL characteristics FctO OL p 

LDL peak particle size, À 258.5 ± 0.8 257.7 ± 0.8 0.15 

LDL integrated (mean) size, Â 256.9 ± 0.9 254.5 ± 1.1 0.09 

Relative proportions of LDL, % 

<255 Â 42.8 ± 3.1 41.3±3.1 0.45 

255-260, Â 20.7 ± 0.9 21.1±1.4 0.77 

>260, Â 36.4 ± 3.5 37.5 ± 4.0 0.72 

LDL-cholesterol, mmoliL 2.96 ± 0.20 3.26 ± 0.23 0.03 

<255 Â 1.22 ± 0.11 l.32 ± 0.12 0.17 

255-260, Â 0.61 ± 0.05 0.70 ± 0.07 0.07 

>260, Â l.13±0.14 1.24 ± 0.16 0.37 

Values are means ± SEM. 
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Figure 6-1. 
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FINAL CONCLUSION AND SUMMARY 

Overweight is a growing problem worldwide. In Canada, the prevalence of overweight and 

obesity was 32.5% and 14.9%, respectively, in the adult population in 2000-2001 (Statistics 

Canada, 2002). The prevalence of obesity has increased by close to 3 percentage points from 

the prevalence rate of 1996-1997 (Statistics Canada, 2001). The situation is even more 

alarming in the United States where overweight status, defined as a body mass index between 

25.0 and 29.9 kg/m2
, applies to 33.3% ofthe adult population. Overweight status increases 

the risk of developing cardiovascular disease, type II diabetes, hypertension, and other 

chronic diseases. Therefore, high rates of overweight and obesity result in increased 

morbidity, which are associated with augmented health care costs. Dietary prevention 

strategies targeted to promote weight loss are thus necessary. Results from the present 

research suggest that consumption of our functional oil, ri ch in medium chain triglycerides 

could fulfill this role. In fact, over a period of 4 wk, men lost an average of 0.41 kg of body 

weight more with functional oil compared to olive oil consumption. If the effects of 

functional oil on energy expenditure are sustainable over long periods, then approximately 5 

kg of body weight could be lost over 1 y due to raised diet-induced thermogenesis. If, in 

addition, satiety is enhanced by functional oil, then greater weight loss can be expected. 

Prevention of weight gain or enhancement of weight loss would help lower the prevalence of 

overweight and obesity and would thus have high economic and social impact. 

Recent statistics for Canada show that men are more overweight than women (Statistics 

Canada, 2002). Our results also show that men would benefit from functional oil 

consumption to a greater extent than women. Functional oil consumption resulted in 

152 



enhanced energy expenditure which resulted in a significant lowering of adiposity, 

preferentially upper body adiposity. Upper body fatness is considered to be linked to greater 

risks of developing type II diabetes as weIl as cardiovascular disease and other chronic 

illnesses. Since men tend to deposit fat centraIly, this aspect ofweight loss with functional 

oil consumption is of utmost importance. The rise in energy expenditure observed with 

functional oil consumption in women was not sufficient to induce greater weight loss when 

compared to beef tallow consumption. When our data was compared to previous trials in 

women and men, we noticed that our results were similar to those obtained in earlier trials in 

women and that these were lower than what had been observed in trials conducted in men. 

This may be due to the smaller quantity of medium chain triglyceride consumed by women, 

who require less energy, or possibly due to a gender difference in the way medium chain 

triglycerides are metabolized. 

Our research has demonstrated that a functional oil ri ch in medium chain triglycerides, 

flaxseed oil and phytosterols not only increases energy expenditure, Ieads to beneficiai body 

composition changes but aiso improves plasma Iipid profile. These effects of functionai oil 

make it a suitable candidate for characterization as a functional food. A functionai food is a 

food that is similar in appearance to a conventional food but that provides demonstrated 

health benefits or reduces the risk of chronic disease above and beyond their basic nutritional 

functions. Our functional oil meets this definition since it increases thermic effect of food 

and post-prandial fat oxidation to a greater extent than a conventionallong chain triglyceride

containing oil, helps to reduce body fatness, and reduces plasma lipid concentrations. These 
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effects can lead to lower risk of developing obesity and cardiovascular disease, 2 prevalent 

debilitating conditions in Western societies. 

Health claims relating a functional food to disease prevention are permitted in the US and 

several other countries globally, but are not yet allowed in Canada. Health Canada does not 

allow any manufacturer to allude that a food product can heal, treat, or prevent disease or any 

undesirable health status. However, although the Canadian legislation does not permit health 

claims, manufacturers must be ready for future changes to take effect since Health Canada is 

currently studying the possibility of permitting certain health claims on foods. Several types 

of foods could incorporate our functional oil to effect functionality and hence be eligible for 

health claims. Creamy salad dressings, soft margarines, baked goods and crackers would be 

excellent media for functional oil. The oil is without taste or odour and therefore would not 

impart any flavour to foods in which it is added. It would, however, be highly unlikely that 

this oil could be sold as cooking oil since phytosterols tend to precipitate out of solution in 

cold storage and lead to a depot at the bottom of the bottle. This results in an oil of clouded 

appearance, which may not be acceptable to the general population, accustomed to clear, 

liquid oils. 

Since this oil is not yet available, other sources of medium chain triglycerides and 

phytosterols may be seeked. Conventional foods exist that naturally contain medium chain 

triglycerides and phytosterols. Medium chain triglycerides can be found in small quantities 

in coconut oil and dairy fats. Phytosterols are incorporated into functional foods in several 

countries including the United States and Australia. However, since these functional foods 

154 



are not permitted in Canada, it is not possible to find foods containing added amounts of 

phytosterols in Canada. Nevertheless, several plant oils, such as corn oil and soybean oil, are 

ri ch sources of phytosterols. Also, diets rich in plant foods can provide as much as 1 g of 

phytosterols daily. Flaxseed oil can be easily found in grocery and health food stores. 

In conclusion, data presented in this thesis demonstrate that: 

1. medium chain triglyceride consumption, as part of a precisely controlled diet, results 

in increased energy expenditure and fat oxidation relative to long chain triglyceride 

consumption in both women and men; 

2. the effects of medium chain triglyceride consumption on energy expenditure and fat 

oxidation are not transient and last over a 4 wk period; 

3. medium chain triglyceride consumption results in greater loss of adiposity in men but 

not women. This effect of medium chain triglycerides can be attributed to the effects 

observed on energy expenditure; 

4. medium chain triglyceride consumption tends to result in lower food intake compared 

to long chain triglycerides; 

5. combining phytosterols and flaxseed oil to medium chain triglycerides leads to 

diminished concentrations of plasma total and low density lipoprotein cholesterol; 

6. combining phytosterols and flaxseed oil to medium chain triglycerides does not affect 

plasma high density lipoprotein cholesterol and triglyceride concentrations; 

7. combining phytosterols and flaxseed oil to medium chain triglycerides does not affect 

low density lipoprotein particle size. 
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LIMITATIONS OF THE THE SIS 

Both trials conducted for this thesis were strictly controlled. Food items were precisely 

weighed, all meals were isoenergetic and energy intake was constant over the feeding 

periods. This allowed us to control energy intake and quantities of fat consumed. As a 

result, the only difference between the two diets was the quality of the oil included in the di et 

and any result obtained could easily be ascribed to the oil tested. However, the study design 

employed to test our objectives does not represent a free living situation in which energy and 

macronutrient intakes vary from meal-to-meal and day-to-day. Therefore, it is unknown 

whether these results would be obtained in a free-living population. It can be hypothesized 

that subjects would compensate for the energy imbalance by consuming more calories and 

thus no weight loss would be achieve. On the other hand, previous studies and our subgroup 

analysis with men showed that medium chain triglyceride consumption leads to greater 

satiety and lower food intake than long chain triglyceride consumption. If this is true, then it 

can be hypothesized that a greater amount of weight loss would be observed with free-living 

medium chain triglyceride consumption since energy intake would be decreased and energy 

expenditure increased. In chapter l, we have deduced, from existing literature, that the 

amount ofweight lost could range from 0.45 to 1.35 kg/mo, when examining the least and 

most optimistic scenarios, respectively. 

Furthermore, the controlled nature of the trials prevented us from studying the effects of 

medium chain triglyceride consumption over an extended period of time. Longer periods of 

controlled feeding can lead to non-compliance due to the monotony and repetitiveness of the 

diet. Four weeks was considered long enough to detect the small difference in body 
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composition with magnetic resonance imaging in men, but was not sufficiently long to allow 

detection of these slight differences in women. 

With respect to the results of our analyses of plasma lipid concentrations, due to the 

multifaceted nature of the medium chain triglyceride-containing diet, we cannot ascribe the 

observed effects on plasma lipids to one particular component of the diet. Therefore, it is not 

known whether feeding medium chain triglyceride oil would have altered plasma lipids and 

whether the effects observed on total and low density lipoprotein cholesterol concentrations 

were entirely due to the phytosterols that were added to the oil. Likewise for triglyceride 

concentrations; it cannot be ascertained that the lack of change in triglyceride concentrations 

was prevented by the addition of flaxseed oil to the medium chain triglyceride-containing 

diet. The lack of change in triglyceride concentrations may aiso have been due to a Iack of 

effect of medium chain triglycerides in increasing triglyceride concentrations. 

Despite these limitations, this thesis demonstrated that an oil combining medium chain 

triglycerides, phytosterols, and flaxseed oilleads to greater energy expenditure and fat 

oxidation in overweight women and men and results in decreased levels of adiposity in men 

compared to consumption of an oil ri ch in long chain triglycerides. Furthermore, the blend 

of medium chain triglycerides, phytosterols, and flaxseed oil results in a more favourable 

lipid profile compared to baseline. Therefore, consumption of the functional oil may fulfill a 

dual role in the prevention of obesity and cardiovascular disease. It can thus be proposed that 

medium chain triglycerides be used in weight management as part of dietary prevention 

strategy against obesity. 
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Ethics Review Form (Triall women) 

Comparison of a short and medium chain fat/plant sterol containing oil versus a typical 
oïl on weight control and circulating lipid levels in obese and non-obese women 

CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

Protocol #: __________ Patient Name: 

Comparison of a short and medium chain fat/plant sterol containing oH versus a typical 
oïl on weight control and circulating lipid levels in obese and non-obese women. 
School of Dietetics and Human Nutrition, Macdonald Campus, McGill University. 
Researchers: Dr. Peter Jones, Marie-Pierre St. Onge, Christine Bourque. 
Phone: 
Contact Physician: Dr. William Parsons, Phone: 

l, , the undersigned, hereby consent to participate as a subject in 
the above-named research project conducted by Mc Gill University. The nature of the 
procedure or treatment, its risks and/or benefits, and possible alternatives, follow: 

1. NATURE AND DURA TION OF PROCEDURE: 
The aim of the study is to examine how different types of fat in the diet, specifically 

medium chain triglycerides enriched with plant sterols or long chain triglycerides, influence 
body composition, energy expenditure, and cholesterollevels in the body. A blood sample 
(10 ml or two teaspoons) will be taken for the laboratory to confirm the absence of health 
abnormalities and to measure your blood lipid levels. Your body composition will be 
assessed using bioelectric impedance analysis (BIA). Electrodes will be attached to one hand 
and foot, and an undetectable impulse through your body will me as ure your body 
composition. You will also need to ensure that you refrain from consuming any lipid 
lowering drugs for at least 8 weeks prior to initiation of the study. Your weight must be 
stable prior to entrance into the study. 

When you start the clinical trial, you will consume test diets provided by the 
Metabolic Kitchen at the Mary Emily Clinical Nutrition Research Unit for 2 periods of 28 
days. A minimum four week break will separate each diet, where you will resume 
consumption of your typical intake. Each test di et will contain normal foods and be fed to 
you as three meals per day. One di et will contain beef tallow as the main fat source. The 
other di et will contain a combination of butter, medium chain triglycerides, and coconut oil 
as the main fat source. This di et will also contain 1.6g/day of phytosterols, a material 
resembling cholesterol obtained from plant sources. These plant sterols are tastcless and 
odourless. 
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CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

During each 28 day dietary treatment phase, you will be required to live at the 
Research Unit. Vou will be provided with a bed and personal area. The Research Unit will 
be staffed 24h per day to ensure your safety and security. Vou will be required to remain at 
the Research Unit for the duration of each 28 day phase. AIl meals will be prepared and 
served to you at the Research Unit. 

At the beginning (day 1) and end (day 28) of each of the 28 dietary treatment 
periods, you will be taken to the Montreal Neurological Institute to have your body 
composition assessed for fat and lean tissue using an imaging technique. This procedure 
requires you to lie quietly for approximately 30 minutes while a magnetic field is passed over 
your body to assess your body composition. Aiso at the beginning and end of each trial you 
will be asked to provide 30 ml of blood for cholesterollevel and blood analysis. In addition 
on day 1 and day 28, the amount of energy your body requires to function and digest food 
will be measured. For 30 minutes before breakfast and for 6 hours after breakfast on those 
days, you will be required to lie quietly under a ventilated plastic hood while your energy 
consumption is measured. In the middle of each dietary treatment phase, day 13-15 inclusive, 
you will be asked to deliver fecal samples to assess nutrient absorption and energy balance. 

The total blood volume required for the entire study will be 130 ml. 

II POTENTIAL RISKS AND/OR BENEFITS: 
The dietary fats used in the preparation of the diets have aU been approved for 

human consumption. The plant sterol mixture added to the diet at the proposed level has 
been shown to have no negative side effects on health in previous animal and human 
experiments. A slight chance exists that you may experience mild stomach upset at the 
beginning of each dietary phase as your body adjusts to the new fat source. In case you feel 
any discomfort during the experimental trial a physician, Dr. Parsons, will be available to 
contact at any time. Dr. Parsons can be reached at 

The substance of the project and procedures associated with it have been fully 
explained to me, and aU experimental procedures have been identified. l have had the 
opportunity to ask questions concerning any and all aspects of the project and any procedures 
involved. l am aware that l may refuse to participate as weU as withdraw my consent at any 
time. l acknowledge that no guarantee or assurance has been given by anyone as to results to 
be obtained. Confidentiality of records concerning my involvement in this project will be 
maintained in an appropriate manner. 
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CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

1 understand that, in compensation for the inconvenience of the study schedule, 1 
will receive $1,400 at completion of the trial. 1 will also be given access to my results 
conceming the blood lipid level assessment and body composition determination when they 
become available. If 1 decide to withdraw before completion, 1 will receive an appropriate 
pro-rated fraction of this amount. 

1 acknowledge recelvmg a copy of this consent form and aIl appropriate 
attachments. 

Doctor Signature of Subject 

Witness 

Date Time 
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Ethics Review Form (Trial 2, men) 

Comparison of a short and medium chain fat/plant sterol containing oH versus a typical 
oH on weight control and circulating lipid levels in overweight men 

CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

Protocol #: __________ Patient Name: 

Comparison of a short and medium chain fat/plant sterol containing oH versus a typical 
oH on weight control and circulating lipid levels in overweight men. 
School of Dietetics and Human Nutrition, Macdonald Campus, Mc Gill University. 
Researchers: Dr. Peter Jones, Marie-Pierre St-Onge. 
Phone: 
Contact Physician: Dr. William Parsons, Phone: 

I, , the undersigned, hereby consent to participate as a subject in 
the above-named research project conducted by McGill University. The nature of the 
procedure or treatment, its risks and/or benefits, and possible alternatives, follow: 

1. NATURE AND DURA nON OF PROCEDURE: 
The aim of the study is to examine how different types of fat in the diet, specifically 

medium chain triglycerides enriched with plant sterols or long chain triglycerides, influence 
body composition, energy expenditure, and cholesterollevels in the body. A blood sample 
(10 ml or two teaspoons) will be taken for the laboratory to confirm the absence of health 
abnormalities and to measure your blood lipid levels. You will also need to ensure that you 
refrain from consuming any lipid lowering drugs for at least 8 weeks prior to initiation of the 
study. Your weight must be stable prior to entrance into the study. 

When you start the clinical trial, you will consume test diets provided by the 
Metabolic Kitchen at the Mary Emily Clinical Nutrition Research Unit for 2 periods of 28 
days. A minimum four week break will separate each diet, where you will resume 
consumption of your typical intake. Each test diet will contain normal foods and be fed to 
you as three meals per day. One diet will contain olive oil as the main fat source. The other 
diet will contain a combination of olive oil, medium chain triglycerides, coconut oil, canola 
oil and flaxseed oil as the main fat sources. This diet will also contain 1.6 g/day of 
phytosterols, a material resembling cholesterol obtained from plant sources. These plant 
sterols are tasteless and odourless. 
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CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

During each 28 day dietary treatment phase, you will be required to consume aU 
meals prepared and served to you at the Research Unit. 

At the beginning (day 1) and end (day 29) of each of the 28 dietary treatment 
periods, you will be taken to the Montreal Neurological Institute to have your body 
composition assessed for fat and lean tissue using an imaging technique. This procedure 
requires you to lie quietly for approximately 40 minutes while a magnetic field is passed over 
your body to assess your body composition. Aiso on days 1,27 and 29, you will be asked to 
provide 20 ml of blood for cholesterol level and blood analysis. In addition on days 2 and 
28, the amount of energy your body requires to function and digest food will be measured. 
For 30 minutes before breakfast and for 6 hours after breakfast on those days, you will be 
required to lie quietly under a ventilated plastic hood while your energy consumption is 
measured. In the middle of each dietary treatment phase, days 15-18 inclusive, you will be 
asked to deliver fecal samples to assess nutrient absorption and energy balance. 

The total blood volume required for the entire study will be 130 ml. 

II POTENTIAL RISKS AND/OR BENEFITS: 
The dietary fats used in the preparation of the diets have aIl been approved for 

human consumption. The plant sterol mixture added to the diet at the proposed level has 
been shown to have no negative side effects on health in previous animal and human 
experiments. A slight chance exists that you may experience mild stomach upset at the 
beginning of each dietary phase as your body adjusts to the new fat source. In case you feel 
any discomfort during the experimental trial a physician, Dr. Parsons, will be available to 
contact at any time. Dr. Parsons can be reached at 

The substance of the project and procedures associated with it have been fully 
explained to me, and aIl experimental procedures have been identified. 1 have had the 
opportunity to ask questions concerning any and aIl aspects of the project and any procedures 
involved. 1 am aware that 1 may refuse to participate as weIl as withdraw my consent at any 
time. 1 acknowledge that no guarantee or assurance has been given by anyone as to results to 
be obtained. Confidentiality of records concerning my involvement in this project will be 
maintained in an appropriate manner. 
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CONSENT BY SUBJECT OF RESEARCH PROTOCOL 

l, , have read the above description with one of the 
investigators, . 1 fully understand the procedures, advantages 
and disadvantages of the study, which have been explained to me. 1 understand that, in 
compensation for the inconvenience of the study schedule, 1 will receive $1,000 in two 
installments of $500. 1 will also be given access to my results conceming the blood lipid 
level assessment and body composition determination when they become available. If 1 
decide to withdraw before completion or should the study be terminated early, 1 will receive 
an appropriate pro-rated fraction ofthis amount. 

1 acknowledge receiving a copy of this consent form and all appropriate attachments 
and agree to be contacted be a member of the Research Ethics Committee. 

Investigator Signature of Subject 

Witness 

Date Time 
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Montreal Neurological Hospital 

MAGNETIC RESONANCE 
Patient Name: ------------------

Medicare #: ------------------
Physician Name: ________________ __ 

Date: ________________ __ 

QUESTIONNAIRE AND CONSENT FORM 

It is of the ultimate importance for the patient safety that this questionnaire be filled out 
by the physician and the patient, and attached to the request for services. 

1. Previous surgery (type and date) ________________________________ _ 

2. Does the patient have any of the following? 

Cardiac pacemaker 

Surgical clip on an aneurysm or othe vessel 

Surgical clip or valve on the heart 

Prostheses (please specify type and location) 

Implants (please specify type and location) 

Metal or metallic fragments in any part of the body 

(please specify) __________ _ 

3. Is the patient pregnant? 

YES NO 

AIl ofmy questions regarding this cxam have been satisfactorily answered. 

1 hereby give consent to Magnetic Resonance examination. 

Patient signature Physician signature Date 
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SATIETY QUESTIONNAIRE 

IMMEDIATEL Y AFTER BREAKFAST 

1. How hungry do you feel? 

Not at aIl hungry As hungry as 1 have ever been 

2. How full do you feel? 

Not at aU full As full as 1 have ever been 

3. How strong is your desire to eat 

Very weak Very strong 

4. How much do you think you could eat now? 

Nothing at aIl A large amount 

5. Urge to eat 

No urge to eat Strong, want to eat now, waiting is 

very uncomfortable) 

6. Preocupation with thoughts on food 

No thoughts on food Very preoccupied, difficult to 

concentrate on other things 
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SATIETY QUESTIONNAIRE 

2 HOURS AFTER BREAKFAST 

7. How hungry do you feel? 

Not at all hungry As hungry as 1 have ever been 

8. How full do you feel? 

Not at all full As full as 1 have ever been 

9. How strong is your des ire to eat 

Very weak Very strong 

10. How much do you think you could eat now? 

N othing at all A large amount 

Il. Urge to eat 

No urge to eat Strong, want to eat now, waiting is 

very uncomfortable) 

12. Preocupation with thoughts on food 

No thoughts on food Very preoccupied, difficult to 

concentrate on other things 
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SATIETY QUESTIONNAIRE 

4 HOURS AFTER BREAKFAST 

13. How hungry do you feel? 

Not at aIl hungry As hungry as 1 have ever been 

14. How full do you feel? 

Not at aIl full As full as 1 have ever been 

15. How strong is your desire to eat 

Very weak Very strong 

16. How much do you think you could eat now? 

Nothing at aIl A large amount 

17. Urge to eat 

No urge to eat Strong, want to eat now, waiting is 

very uncomfortable) 

18. Preocupation with thoughts on food 

No thoughts on food Very preoccupied, difficult to 

concentrate on other things 
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October 14,1999 

Dr. Peter J. Jones 

MONTREAL 

NEUROLOGICAL 

INSTITUTE 

AND HOSPITAL 

Dietetics and Human Nutrition 
McGiIl University 
Macdonald-Stewart Building 

Dear Dr. Jones: 

INSTITUT ET 

HÔPITAL 

NEUROLOGIQUES 

DE MONTRÉAL 

RE: Comparison of a short and medium chain fat/plant sterol «dcsiglH"'>> nil n'nus a 
typical oil on weight control and circulating lipid levels in olH.'sl' and n(1n-()bc~;(' 
women. 

At its meeting on October 5.1999. the MR Research Committee revicvvcd the rmtocol yllli 

,./ Teochil1g 

o"dRe.\('onh 

II/\Iill/le "j'.I/e< ;ill 

l'''in:nil!' 

Im{/Ilil 

d '(!J1.\eignem(,J/{ L'f 

de rech(')'chc dl' 

!'Cl//ù'r,it,:I/c'(iill 

Bruce Pike. Ph.D 
CO"f(Jinalor - \let 'onncll 

Brain Illla~in~ ('-:ntl\.' 

Tel: 
Fax: 

Douglas C. \roold. \ID 

1). LOllh Collins. ['h.D 

Alain Da!!her. \ 1 J) 

submitted to perfOlm tMRI studies on 36 subjects over a two-year péri\1d. Dliring the fi", \ '.'ar 'lirJ..n DiI"il". l"] :1. 
you will study 18 of these subjects. Approval has becn grantd b\ thé Cll!lll11ittec. 

As you have already received approval ti'om the MacDonald Clllkgc [thlcs l\-'ll1l11itlCl' 1"111" lhl' 
study, please contact Dr. Pokrupa. Chair of the MNI Ethics CllilllTIittèe tll \ eril~' Wlll'tilcr Il :' .\Ian ( . h:\II'. l". Il 

necessary that the study he rcviewed by this cOlTImittée. [n addition. a~ the ;'l'iR l'\1I';C:ll 1',1:11l' 

were added to the protocol after the MacDonald College E(hic:; C\lllllllit'cc h,\d \'('\ IC\\ cd th.: 
protocol. we recommend that these fomls be brought to the com111 ittce' 0; attcntioll. 

Ali scanning for this project will be performed on the Siemens I.S r scanncr and o;chedlll il' g ,11" 

scans should be done via the MRI receptionist (X 8510). Any questions concerning billill~ 
should be directed to Elizabeth Kofron ofNSI (X 1903). 

Sincerelv. ,rÎ 

Brude Pi'ke, Ph.D. 
Chair, MR Research Committee 

cc: Mr. Bill Brodie 
Mrs. Elizabeth Kofron 
Mr. Gilles Leroux 

CE\TRE 
Dï\I.\GERIE CERU3R.\LE 
\kC(),\,\ELL 
BR.\I' 1\1\(,;,(, CE"TRE 



,~McGill 
School of Dietetics and 
Human Nutrition 

Faculty of Agricultural 
and Environmental Sciences 

McGill University 
Macdonald Campus 

École de diététique et 
nutrition humaine 

Faculté des sciences de 
l'agriculture et de l'environnement 

Université McGili 
Campus Macdonald 

CERTIFICATION OF ETHICAL ACCEPTABILITY FOR 
RESEARCH INVOLVING HUMAN SUBJECTS 

A review committee consisting of: 

Position Field of Research 
L. Prichard Lay Member 

E. Idziak, Associate Professor Natural Resource Sciences 

L.E. Phillip, Associate Professor Animal Science 

P. Ribeiro, Assistant Professor Parasitology 

S. Kubow, Associate Professor Human Nutrition 

w. Parsons, M. D. Medical Advisor 

has examined the application for funds in support of a project entitled: 

'dietetic 

Comparison of a Short and Medium Chain Fat/Plant Sterol "Designer" Oil Versus a Typical Oil on Weight 

Control and Circulating Lipid Levels in Obese and Non:obese Women. 

Peter J. Jones, McGill University. 
Robert R. Ross, Queen's University. Dairy Farmers of Canada & Forbes Medi-tech Inc. 

As proposed by ______________ to ______________ _ 
(Applicant) (Granting agency, if any) 

and consider the experimental procedures, as outlined by the applicant, to be acceptable on ethical grounds for 
research involving human subjects. 

Comments: 

7 Datd Chairp rson of Ethics Committee . Dcln 1 S Rep~esentative 



MèGILL UNIVERSITY 
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES 

CERTIFICATE OF ETHICAL ACCEPTABILITY FOR 
RESEARCH INVOLVING HUMANS 

The Faculty of Agricultural and Environmental Sciences Ethics Review Committee consists of 4 members 
nominated by the Faculty of Agricultural and Environmental Sciences Nominating Committee and elected by 
Faculty, an appointed member trom the community and an individual versed in ethical issues. 

The undersigned considered the application for certification of the ethical acceptability of the project entitled: 

Co~"V~t\S(HJ Oy ntÙ)UV\ (J~'l\tJ rAÎ VL!MJ\ $'ffaü L O\L \Jf\(SO:; A 
as proposed by: 

~ 'CIl L ôl L O' W ICH Î LOl R_uL MJ n CI rlOJLnî'll\-16 u (0 L(U(L~ 

D 1i" ~lC' ~ Applicant's Name ~ ~....,~"--,,,OOL""-_../ _____ _ Supervisor's Name _________ _ 

Applicant's Signature _ Supervisor's Signature __________ _ 

Degree / Program / Course _______ _ Granting Agency ____________ _ 

The application is considered to be: 
A Full Review An Expedited Review ___________ _ 

A Renewal for an Approved project _----"X'-·->--__ A Departmental LevelReview ________ _ 
Signature of Chair / Designate 

The review committee considers the research procedures and practices as explained by the applicant in thls 
application, to be acceptable on ethical grounds. 

1, Prof. Robin Beech 
Oepartment of Parasitology 
Psychology 

Signature / date 

3. Prof. Paula Ribeiro 
Oepartment of Parasitology 
Studies 

Signature / date 

"i Member of the Communitv - L. Prichard 

blgnalure / aate 

Revised May, 1999 

;) / 

2. Prof. Peter Jones 
School of Oietetics and Human Nutrition 

Signature / date 

4. Dr. W. Parsons 
Ste, Anne's Hospital 

Signature / date 

/ 



Centre universitaire de santé McGill 
McGill University Health Centre 

19 December 2000 

Peter J Jones, PhD 
School of Dietetics and Human Nutrition 
Macdonald Campus 
McGili 

Meeting of2000.12.18 
S.e. JONP 1999/1 Comparison of a Short and Medium Chain Fat/Plant Sterol Oil versus a 

Typical Oil on Weight Control and Circulating Lipid Levels in Obese and Non-Obese 
Women 

The board approves renewal of the above protocol and consent forms for a period of one year. 

Attached please find an appendix outlining routine conditions of the approval. 

~~~ 

Ronald Pokrupa, MD, Lnalr 
Research Ethics Board 

Ive 



28-JAN-2003 15:06 FRDI"\ i'J=lTLRE PUBLISHlt-G ffiOLP 

Wildash, Trace ;. 

From: 
Sent: 
To: 
Subject:' 

To whom it may conoern: 

26 Jan-uary 2003 TS:26 

copyright 

1 would like te obtaln permission to pUblish the following article: 

M8diLJm~ versus lona-chaln trlglycerides for 27 days increase8 fat 
oxidation 
and energy expenditure without resulting [n changes in body composition 
in 
overweighl women. Int J Obes 2003;27:95-102 . .-".. ~ 

in my P-b D tbesJj, J am the first author of this article. 1 have the 
approval of my eo-authors for thls request. 

Sincerely yours, 

T%arie-Pierre St·Onge, Ph.D 

1 

JAN 28 '03 09:16 

TO 00121~233571 P.l2Jl 

i 

TOTAL P.01 
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Memorandum 

Ethics certificates for the studies conducted for the thesis entitled: "Effect of medium 

versus long chain triglyceride consumption on energy expenditure, substrate oxidation 

and body composition in overweight men and women" will be sent to the thesis in the 

following weeks due to extenuating circumstances. In addition, due to these same 

circumstances, a signed waiver will be sent concurrently by Dr. Peter Jones, co-author of 

a published manuscript included in the above-mentioned thesis. 

Marie-Pierre St-Onge 

Ph.D Candidate 


