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ABSTRACT 

The hypothesis tested was that milk proteins differ in their capacity to suppress 

subjective appetite and short-term food intake in young men and these differences associate with 

their effect on plasma amino acid, glucose and insulin concentrations. Two experiments were 

conducted. Casein, whey and complete milk protein were given at 0.7g protein/kg weight. 

Subjective appetite was measured and blood samples collected for analysis of amino acid, 

glucose and insulin concentrations until pizza meals were provided at 90 (Exp1) or 150 min 

(Exp2). 

Protein treatments decreased test meal intake at both 90 and 150 min. Food intake was 

similar among protein treatments at 90 min, but at 150 min casein suppressed food intake more 

than whey. Food intake was not associated with subjective appetite, amino acid, glucose or 

insulin concentrations. 

It is concluded that milk proteins suppress short-term food intake and they differ in their 

capacity to do so over time. 
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1. INTRODUCTION 

The prevalence of obesity in North American societies has risen dramatically over the 

last few decades and as the health and societal consequences of obesity are becoming 

increasingly evident, there is strong interest in trying to understand and prevent its occurrence. 

While there are efforts to produce pharmaceutical agents and to identify foods and food 

components to reduce weight and prevent its gain, the complexity of factors associated with 

obesity have made it impossible thus far to identify any simple solutions. 

Many dietary factors have been associated with obesity. Of interest to the present 

research are reports suggesting that more frequent consumption of dairy products associate with 

healthier body weights. However, it is still uncertain which factor(s) in dairy products are 

contributing to this association. Because proteins are the most satiating macronutrient and their 

ingestion is known to help maintain lean body mass during weight loss, milk proteins may be 

contributing to the observed association. Therefore, the primary purpose of this research was to 

explore the effect of milk proteins on subjective appetite and short-term food intake in humans.



CHAPTER 2. 

LITERATURE REVIEW



2. LITERATURE REVIEW 

2.1. INTRODUCTION 

Obesity results from a chronic energy imbalance where energy intake exceeds energy 

expenditure. As summarized by the American Surgeon General in 2001, obesity is associated 

with numerous health risks, including increased risk of premature death, type 2 diabetes, heart 

disease, stroke, hypertension, breathing problems and arthritis (Services 2001). In Canada 

alone, the number of obese (BMI > 30 kg/m’) adults more than doubled between 1985 and 1998 

from 5.6% to 14.8% of the population (Katzmarzyk 2002), as did the number of obese children 

between 1981 and 1996 from 5% to approximately 12.5% of children (Tremblay and Willms 

2000). Accordingly, in 2001 the associated economic cost of obesity was $4.3 billion, 

representing 2.2% of total health care costs in Canada (Katzmarzyk and Janssen 2004). 

The population is not oblivious to its overweight state and approximately 30% of 

Canadians are trying to lose weight (Ipsos-Reid 2003). In the United States, the weight loss 

market is estimated to be $39 billion (Marketdata 2002). Despite the fact that both energy 

intake and energy expenditure contribute to one’s weight, 57% of Canadians were classified as 

inactive in 1996/1997 (Health-Canada 1999) and only 26% of people in a national survey listed 

exercise as a way to regulate their body weight (Ipsos-Reid 2003). Accordingly, people trying 

to lose weight tend to focus more on modulating or decreasing their energy intake than on 

increasing their energy expenditure and the diet industry has provided a multitude of regimes for 

dieters to follow. 

Particularly, high-protein, or low-carbohydrate, diets have become increasitigly popular 

as 12% of Americans (Shiman 2004) and 7% of Canadians (Ipsos-Reid 2003) claim they are 

currently on such a diet and 20% of Americans (Shiman 2004) and 14% of Canadians (Ipsos- 

Reid 2003) have tried one. Advocates of these high-protein diets claim that carbohydrates are



addictive and that over consumption of carbohydrates can lead to hyperinsulinemia which in 

turn can increase lipogenesis; consequently, by decreasing carbohydrate intake to the point of 

ketosis one can lose weight, particularly fat mass, without caloric restriction (Freedman, King et 

al. 2001). However, as we described in a recent review, the high protein content of these diets 

may account for reduced body weight because of a decreased food intake due to enhanced 

satiety (Anderson and Moore 2004). 

Recently, a possible link between dairy products and body weight regulation has been 

suggested in several reports. An inverse relationship has been found between ready-to-eat 

breakfast cereal consumption and the BMI of 4-12 year old children (Albertson, Anderson et al. 

2003) and between the number of servings of dairy products and body fat in preschool children 

(Carruth and Skinner 2001). Similarly, in a large multicenter, population based, prospective 

observational study, frequency of dairy consumption was inversely associated with the ten-year 

cumulative incidence of obesity and with the insulin resistance syndrome in adults (Pereira, 

Jacobs et al. 2002). In addition, a milk and yoghurt energy restricted diet was reported to result 

in 70% greater weight loss in obese adults over 16 weeks compared to the equicaloric control 

group (Summerbell, Watts et al. 1998). 

The association between increased dairy product consumption and more favourable body 

weight may have an explanation based on their components, including conjugated linoleic acid, 

medium-chain triglycerides, casomorphins, calcium and proteins. Conjugated linoleic acid has 

been found to decrease subjective appetite (Kamphuis, Lejeune et al. 2003) and to reduce 

adiposity in humans (Riserus, Berglund et al. 2001) and experimental animals (Ostrowska, 

Muralitharan et al. 1999); however, its effect on decreasing food intake and overall body mass is 

controversial (Kamphuis, Lejeune et al. 2003; Wang and Jones 2004). In humans, medium- 

chain triglycerides suppress food intake (Van Wymelbeke, Himaya et al. 1998), increase energy 

expenditure (St-Onge, Ross et al. 2003) and lead to a loss of adipose tissue (St-Onge and Jones



2003) compared to long-chain triglycerides. It has also been proposed that medium-chain 

triglycerides have the potential to facilitate weight control when they replace long-chain 

triglycerides in the diet (St-Onge and Jones 2002). Casomorphins are released upon digestion of 

the milk protein casein and interact with gastric opioid receptors slowing gastrointestinal 

motility, thus decreasing food intake (Daniel, Vohwinkel et al. 1990). 

Based on a retrospective analysis of several studies, Heaney et al. proposed that each 300 

mg incremental increase in habitual calcium intake, or approximately one dairy serving, was 

associated with approximately 1 kg less body fat in children and 2.5 to 3.0 kg less body weight 

in adults (Heaney, Davies et al. 2002). The relationship between higher calcium intake and 

body weight has been hypothesized to be due to lower intracellular calcium, which decreases 

lipogenesis while increasing lipolysis, thus diminishing adiposity (Zemel 1998). 

The role of calcium, however, independent of other components in dairy products 

remains unclear. Dairy products exert a significantly greater anti-obesity effect than 

supplemental calcium alone suggesting that there are other milk components, like proteins, 

important in the associations found between dairy consumption and body weight. Obese adults 

on a 24-week calorie restricted 800 mg calcium-supplemented diet lost significantly more body 

weight and fat, including trunk fat, than individuals on the same standard non-calcium- 

supplemented weight reducing diet. However, individuals on the high-dairy non-calcium- 

supplemented diet had a significantly larger reduction in body weight and fat compared to both 

those on the standard non-supplemented diet and the supplemented diet, despite having the same 

amount of calcium as the supplemented diet (Zemel, Thompson et al. 2004). 

The following literature review will provide a brief overview of food intake regulation. 

followed by a review of the role of protein on food intake regulation, and of current knowledge 

of the effect of milk proteins on physiological systems affecting food intake.



2.2. FOOD INTAKE REGULATION 

Food intake regulation is complex, integrative and redundant, involving both 

psychological and physiological mechanisms. Cognitive and sensory signals contribute to 

gastrointestinal satiety factors, including gastric distension, gastric emptying and gastrointestinal 

peptide release which all stimulate vagal receptors and communicate ingestion information to 

the brain. Absorbed digestion products may directly influence satiation and satiety through 

brain receptors that detect fluctuations in plasma nutrient levels or through changing brain 

neurotransmitter concentrations. In addition, absorbed nutrients influence thermogenesis and 

overall metabolism. 

2.2.1. Satiation and Satiety 

In humans, eating is typically a discontinuous process. Hunger and appetite initiate 

distinct meals or eating episodes and the processes of satiation and satiety are what inhibit 

further consumption. Satiation is the process which brings eating to an end and controls meal 

size, whereas satiety refers to the inhibition over further eating and it controls the length of the 

post-meal interval (Blundell 1991). Cognitive, sensory, preabsorptive and postabsorptive 

signals are known to mediate the process of satiety (Blundell 1991; Blundell 1999). 

2.2.2. Cognitive and Sensory Signals 

Past experiences (Puhl and Schwartz 2003), emotional (Geliebter and Aversa 2003), 

cultural (Andersson and Rossner 1992), environmental (Levitsky 2002; Rolls 2003) and social 

factors (Herman, Roth et al. 2003) influence humans’ decisions and actions and affect one’s 

perception and response to hunger and satiety. In addition, visual appeal, smell, taste and 

texture of food provide sensory stimuli that contribute to cognitive and cephalic phase hormonal 

responses and overall food intake. Accordingly, when food is placed directly into the stomach



and not smelt or tasted, food is not as satiating (Jordan 1969; French and Cecil 2001; Stratton, 

Stubbs et al. 2003). 

While sensory inputs contribute to the feeling of satiety they do not fully regulate 

consumption. Animals which are sham fed continue eating for a long period of time, despite the 

presence of the same visual, olfactory and taste cues experienced with a normal meal (Davis and 

Smith 1990). Further regulation and satiety signals must therefore arise from the presence of 

food within the stomach and small intestine. 

2.2.3. Preabsorptive Signals 

The ingestion of a bolus of food and the passage of its subsequent digestion products 

through the gastrointestinal tract initiate a myriad of signals that are transmitted to the brain, 

primarily via the vagus nerve (Havel 2001), and are integrated with other long-term energy 

signals to ensure an appropriate food intake response (Read, French et al. 1994). There is 

evidence that the stimulation of mechanoreceptors, osmoreceptors and chemoreceptors in the 

stomach and the small intestine provide direct signals to the brain, in addition to stimulating the 

release of gastrointestinal hormones, which in turn act to regulate food intake. 

2.2.3.1. Gastric distension 

The ingestion of food leads to gastric distension and increases the rate of firing of 

mechanoreceptors in the stomach, and thus the signal along the vagus nerve, as the stomach is 

distended (Paintal 1954; Schwartz, McHugh et al. 1991). Generally, there is a direct 

relationship between the volume of food consumed and satiety even when the associated 

increase in caloric content is absent (Phillips and Powley 1996; Rolls, Castellanos et al. 1998; 

Rolls, Bell et al. 2000). When young men drank equicaloric milk-base drinks the largest volume 

600 mL preload decreased subjective ratings of hunger, increased ratings of fullness and 

suppressed food intake at a lunch 30 min later (Rolls, Castellanos et al. 1998; Rolls, Bell et al.
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2000) and at a dinner 4 hours later (Rolls, Castellanos et al. 1998) compared to the smallest 300 

m1, preload. 

Similarly, in rats equipped with closed pyloric cuffs, food intake was reduced in a dose- 

dependent manner as the volume of saline infusions was increased (Phillips and Powley 1996). 

However, when the cuffs were open nutrient loads were more effective than saline in 

suppressing intake (Phillips and Powley 1996). Therefore, while gastric distension contributes 

to food intake regulation it alone cannot explain the state of satiety that typically lasts for several 

hours after a meal. 

2.2.3.2. Gastric Emptying and Gastrointestinal Peptides 

Overall, slower gastric emptying is associated with increased satiety (Hunt 1980; 

Santangelo, Peracchi et al. 1998). Many factors contribute to the rate of emptying including the 

physical state, temperature (Sun, Houghton et al. 1988; Troncon and lazigi 1988; Sun, Penagini 

et al. 1995) and pH (Hunt and Knox 1972; Chaw, Yazaki et al. 2001) of the meal, volume 

ingested, osmolality, caloric content, released digestive products and hormonal interactions. 

Specifically, solid foods are emptied more slowly from the stomach than liquids (Minami and 

McCallum 1984; Notivol, Carrio et al. 1984; Moukarzel and Sabri 1996; Achour, Meance et al. 

2001), increasing the ingested volume increases the rate of gastric emptying (Hunt and Spurrell 

1951) and osmoreceptors respond to solutions of high osmolality by slowing gastric emptying 

(Cooke and Moulang 1972; Barker, Cochrane et al. 1974; Burn-Murdoch, Fisher et al. 1978; 

Ruppin, Barmeir et al. 1981; Vist and Maughan 1995). 

Caloric density is often the dominant factor determining the rate of gastric emptying 

(McHugh and Moran 1985; Calbet and MacLean 1997). However, calories alone do not 

determine the rate (Barker, Cochrane et al. 1974) as different carbohydrates and proteins, similar 

or identical in caloric density and osmolality, demonstrate very diverse emptying patterns 

depending on their digestive products (Burn-Murdoch, Fisher et al. 1978; Shafer, Levine et al.
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1985; Calbet and MacLean 1997) and concomitant release of different gastrointestinal peptides. 

Appropriately, formulas differing in osmolality and caloric density but containing the same 

whey protein had similar emptying rates (Khoshoo and Brown 2002). 

Numerous gastrointestinal peptides, including cholecystokinin (CCK), glucagon-like 

peptide (GLP) 1 & 2, bombesin, gastrin releasing peptide, neuromedin B, glucagon, 

apolipoprotein A-IV, amylin, somatostatin, enterostatin and peptide YY-(3-36) (PYY) serve as 

satiety signals and when administered exogenously they decrease food intake (Woods 2004). 

Macronutrients vary in their stimulation of release of these gastrointestinal peptides. 

2.2.4. Postabsorptive Signals 

Postabsorptive signals are generated after nutrients have been digested and absorbed 

from the intestinal lumen into the circulation and there are several main theories describing how 

absorbed nutrients generate and influence satiety signals. Mayer’s glucostatic theory (Mayer 

1953), Mellinkoff's aminostatic hypothesis (Mellinkoff, Frankland et al. 1956), the brain 

neurotransmitter hypothesis, Brobeck’s thermostatic theory (Brobeck 1948; Strominger and 

Brobeck 1953) and insulin are discussed. 

Briefly stated, the glucostatic theory postulates that fluctuations in blood glucose levels 

and/or the arteriovenous difference in glucose, used to infer glucose utilization, trigger an 

appropriate change in food intake (Mayer 1953). Specifically, a decrease in glucose use 

detected by the brain was proposed to stimulate food intake and increase hunger. However, 

subjects fed isocaloric diets varying in carbohydrate, fat and protein content gave the greatest 

satiety ratings to the diets with the highest protein content which produced the lowest mean 

blood glucose and change in blood glucose levels (Fryer, Moore et al. 1955). 

Similar to the glucostatic theory, the aminostatic hypothesis is based upon the brain 

monitoring nutrients, namely amino acids derived from protein ingestion, and consequently
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shaping consumption patterns. An inverse relationship between serum amino acid concentration 

and appetite in man has been observed (Mellinkoff, Frankland et al. 1956). It has been further 

postulated that amino acids act on food intake regulation through their ability to act as 

precursors to certain neurotransmitters known to influence food consumption. The effect of 

amino acids on food intake regulation is discussed in a later section. 

Brobeck theorized and demonstrated an inverse relationship between environmental 

temperature and food intake in rats based on the framework that along with muscular 

contraction, the digestion of food produces heat and an organism will behave in such a manner 

as to maintain homeostasis (Brobeck 1948). Similar to rats, food intake in humans also follows 

an inverse relationship with environmental temperature (Brobeck 1985; Westerterp-Plantenga, 

van Marken Lichtenbelt et al. 2002). It was further supposed that the actual energy value of 

foodstuff was not as important in the regulation of food intake as was the amount of extra heat 

released during its assimilation (Strominger and Brobeck 1953), known as diet-induced 

thermogenesis (DIT). In addition, the thermic effect of a meal may be partly dependent on 

insulin secretion (Rothwell and Stock 1988). 

Accordingly, insulin may be involved in the short-term regulation of food intake. 

Insulin secretion from the pancreas is stimulated by food ingestion both directly by absorbed 

nutrients, expressly glucose and amino acids, and also by incretin hormones, including GLP-1 

(Nauck, Niedereichholz et al. 1997). Central administration of insulin reduces food intake 

(Woods, Stein et al. 1984; McGowan, Andrews et al. 1990) and studies which have maintained 

blood glucose levels while elevating plasma insulin concentrations have all demonstrated a 

reduction in food intake (Nicolaidis and Rowland 1976; VanderWeele, Haraczkiewicz et al. 

1982; Woods, Stein et al. 1984).



2.3. PROTEINS AND FOOD INTAKE REGULATION 

2.3.1. Proteins, Food Intake and Satiety   

2.3.1.1. Proteins and Food Intake 

Both rat and human studies have established that protein is the most satiating of 

macronutrients, followed by carbohydrates, which are more satiating than fats and this hierarchy 

cannot be explained by energy content alone (Li and Anderson 1982; Anderson 1994; Peters, 

Choi et al. 2001). For example, food intake suppression in rats was equal in the first hour of 

feeding after rats received by gavage either 0.5 g whey, | g glucose, or 1.5 g corn oil in water 

compared to water alone. Compensation for the calories in the gavaged treatments in the first 

two hours of feeding was approximately 300, 150 and 65% respectively (Peters, Choi et al. 

2001). Similarly, if rats are fed a 50% protein diet with no other choice, they will initially eat 

less then if fed a diet containing 20% protein. However, they quickly adapt by increasing their 

capacity to catabolize the excess amino acids (Anderson, Benevenga et al. 1968). 

In humans, the protein content of a food or meal is also a factor in the short-term 

reduction of food intake. Although it is clear that protein content of a food or meal is a stronger 

determinant of satiety than either fat or carbohydrate, the lack of dose response studies makes it 

difficult to describe the relationship between the quantity of protein in the premeal and the 

duration of satiety. As with carbohydrates (Anderson and Woodend 2003), the dose of protein 

and the time until the next eating occasion are both factors that need to be considered when 

evaluating the effect of protein on satiety. 

Several designs used in short-term studies show that the protein content of food 

contributes to satiety. One approach used is to feed subjects high or low protein foods or meals 

of fixed energy content followed by measuring their food intake at a later meal. A second 

approach is to feed high or low protein meals ad libitum and measure the total amount 

consumed within the meal. Third, some studies provide high or low protein first courses to a
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meal and subsequently monitor satiation by measuring the consumption of the remainder of the 

meal. 

In the majority of short-term studies, treatments of fixed energy content have been given 

at lunch and food intake measured at a later meal. The following three studies illustrate this 

approach and show that a high protein lunch suppresses later food intake more than a protein 

poor lunch of similar energy. First, adults fed a protein rich lunch, containing 40 g of protein, 

consumed fewer calories at a meal two to three hours later compared to their intake after a low 

protein (6 g) lunch (Booth, Chase et al. 1970). Second, when young women were given 

equicaloric 450 kcal liquid lunches, they consumed an average of 31% less energy after the 

lunch high in protein (80 g of a commercial whey protein, 71.5% of energy) and 20% less 

energy after the mixed lunch (40g protein and 62 g carbohydrate, 36% and 55% of energy, 

respectively) at a meal 4.5 to 4.75 hours later, compared to when they consumed a lunch high in 

carbohydrates (113 g of a polycose supplement, 99% of energy) (Latner and Schwartz 1999). 

Third, young women fed a high protein (64.5 g protein, 43% of energy) meat casserole for lunch 

consumed 12% fewer calories at a meal 4 hours later compared to when they ate an equicaloric 

(615 kcal) high carbohydrate (15.5 g, 10% of energy) vegetarian casserole for lunch (Barkeling. 

Rossner et al. 1990). 

If the treatment food is fed ad libitum the protein content of the food influences how 

much of it is eaten within a single meal. For example, subjects eating to satiety stopped eating 

when they had consumed 50 g of protein and only 411 kcal from a high protein omelette but 

when fed a low protein omelette, containing only 25 g of protein, they consumed 713 kcal 

(Porrini, Santangelo et al. 1997). These data might be taken to suggest that while energy and 

protein content are both factors in determining the amount consumed, protein may have a 

protective role in preventing excess energy intake.
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Both dose and duration of time to the test meal determine the satiety effect of proteins, 

as illustrated in the next two studies. Healthy young men given preloads similar in caloric (280 

kcal) content as an omelette “snack” either high in protein (37 g, 54% of energy), or low in 

protein (10 g, 15% of energy) and high in fat (25 g, 79% of energy) ate similar amounts at a 

meal 2 hours later. However, with no time interval between test omelettes and the test meal, an 

omelette containing only 26 g protein decreased intake in the remainder of the meal compared 

with the low protein (16 g) omelette even though the later contained twice the calories (Porrini, 

Santangelo et al. 1997). 

Although the previous studies cited refer to possible benefits of protein in reducing 

short-term caloric intake, there is very little evidence that the regular consumption of high 

compared with low protein meals might contribute to reduced daily energy intake. In the lowa 

breakfast studies of almost forty years ago, adolescent girls were given breakfasts that contained 

different amounts of protein (9 g, 15 g or 24 g), and they consumed each diet for six days. 

There was a 17% lower daily energy intake after eating the breakfast with the highest protein 

content compared to the breakfast with the lowest protein content (Ohlson and Hart 1965). 

Unfortunately, the sample size was small (n=5) and no additional studies have been reported 

leaving uncertain the role of a high protein breakfast on daily caloric intake. 

2.3.1.2. Proteins and Satiety 

The effect of protein on satiety provides another line of evidence that protein is unique 

among macronutrients in its effects on food intake. A stronger short-term satiety effect of 

protein, compared with that of fat and carbohydrate, has been shown by the delay in time at 

which food is requested after a protein load. In one study, young men were fed an ad libitum 

lunch followed four hours later by mandatory snacks containing 250 kcal, that were either high 

in protein (77% of energy), fat (58% of energy) or carbohydrate (84% of energy) (Marmonier, 

Chapelot et al. 2000). The subjects were isolated in a windowless room, devoid of any temporal
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cues, and were brought to a buffet dinner at their own request. On the control day, when no 

snack was served, subjects requested dinner approximately 6 hours after the beginning of lunch. 

Dinner requests were delayed the longest, by 60 min, on the day the high protein snack was 

consumed, while requests were delayed by only 35 min when a high carbohydrate snack was 

consumed and by 25 min on the day that a high fat snack was eaten by the subjects. 

The effect of high protein foods on food intake is typically consistent with their effect on 

subjective measurements of satiety. Visual analogue scales (VAS), 100 mm lines anchored at 

either end with opposing statements, are often used to measure subjective satiety and appetite as 

they are found to reflect actual food intake (Flint, Raben et al. 2000; Woodend and Anderson 

2001). Foods high in protein not only suppress food intake at a later meal more than 

carbohydrate or fat, as described earlier, but they also provide stronger feelings of satiety 

immediately after their consumption (Hill and Blundell 1986; Rolls, Hetherington et al. 1988; 

Porrini, Santangelo et al. 1997; Latner and Schwartz 1999; Stubbs, O'Reilly et al. 1999). 

2.3.1.3. Protein Source and Satiety 

Protein source, as a factor affecting the short-term feeding response of humans, has 

received little investigation and the results are mixed. Two studies report that protein source in 

a mixed meal is not a factor in food intake suppression at a later meal (Lang, Bellisle et al. 1998; 

Lang, Bellisle et al. 1999). However, both the relatively small percentage of calories 

contributed by the test protein (~23%) and the 8 hour duration of time until subsequent food 

intake was measured may have contributed to the negative conclusion of the studies. In the 

initial study by Lang et al. (Lang, Bellisle et al. 1998), six dietary protein sources including egg- 

albumin, casein, gelatin, soy protein, pea protein and wheat gluten, were fed in mixed 1242 kcal 

macronutrient meals. Total protein content of the six meals varied from 61 to 74 g, and the 

treatment protein contributed only 40 to 47 g. No difference in caloric intake was measured at a 

dinner eight hours later.
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In a follow-up study, three protein sources (casein, gelatin and soy) were each given in 

two amounts (25 g or 50 g protein), as part of a mixed meal of 425 kcal or 860 kcal respectively, 

for a total of 6 treatments (Lang, Bellisle et al. 1999). The latency for appetite to recover was 

significantly increased after the higher energy meals, but was only affected by protein source 

among the higher protein lunches, where latency for satiety with the gelatin lunch was longer 

than for the casein lunch. Similar to the first study, protein source did not affect food intake at a 

self-selected buffet meal 8 hours later. However, the return of hunger 3 to 7 hours after the 

lunches were served may be an indicator that food intake measurements 8 hours after treatments 

is too long of a delay to detect differential effects of protein source on food intake. In contrast, 

studies of the effect of pure protein sources on short-term satiety and food intake have been 

more positive. 

In perhaps the earliest study reported on the effect of protein source on satiety in 

humans, young men fed a meal containing 50 g of protein from lean fish were less hungry, as 

measured by VAS, over a three-hour period than when they were fed an equivalent amount of 

protein as either beef of chicken (Uhe, Collier et al. 1992). Unfortunately, food intake was not 

measured at a later meal, leaving uncertain the effect of protein source on food intake. More 

recently, it was found that whey protein suppressed food intake more than egg albumin at a 

pizza meal consumed 60 min after the preloads (Anderson, Tecimer et al. 2004). 

In addition, a recent study found that drinks containing ~400 kcal and 48 g of whey 

resulted in increased subjective satiety and decreased food intake at a buffet meal 90 min later 

compared to when the subjects received drinks containing an equivalent amount of casein (Hall, 

Millward et al. 2003). Because, this study did not include a control treatment and approximately 

half of the treatment calories came from carbohydrate and fat, it is uncertain if casein resulted in 

intake suppression and if carbohydrate and fat contributed to the differences observed between
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casein and whey. Furthermore, because food intake was measured at only one time it is not 

known if whey would continue to be more satiating than casein at a later measurement time. 

2.3.2. Proteins and Food Intake Regulatory Mechanisms 

Several pre- and postabsorptive mechanisms and factors may contribute to satiation and 

decreased food intake after protein consumption. The effects of protein on thermogenesis, 

satiety hormones and neurochemical pathways involved in food intake regulation have received 

the most investigation. 

2.3.2.1. Proteins and Thermogenesis 

Protein ingestion results in a strong thermogenic response and this may contribute to its 

effects on satiety. The thermostatic hypothesis of food intake regulation predicts that 

specialized temperature-sensitive neurons, known to exist within the brain, increase their firing 

in direct proportion to even miniscule increases in internal temperature and that this signal is 

then integrated within the brain to produce satiety signals proportional to the frequency of 

neuronal firing (Rampone and Reynolds 1991). 

DIT represents the energy wasted during the assimilation of food and it is directly 

proportional to the amount of calories consumed. when the composition of the diet is held 

constant (Rothwell and Stock 1986). DIT, however, depends and changes contingent on the 

nature of the mixture of the macronutrients fed (Karst, Steiniger et al. 1984) and it thus differs 

between protein, carbohydrate and fat. 

Protein produces the largest thermic response (20-30% of the caloric content of protein 

administered), followed by carbohydrate (5-10%) and fat has a negligible effect (0-3%) (Tappy 

1996). For example, approximately 240 kcal of protein elicited a three fold higher DIT response 

in fasted young men compared to an isocaloric carbohydrate drink. Additionally, whereas the 

thermic response reached its maximum one hour after the starch meal and had completely
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disappeared after two hours, casein’s maximum response occurred two hours after ingestion and 

lasted for six hours (Karst, Steiniger et al. 1984). Furthermore, a high protein mixed 

macronutrient diet elicited higher thermogenesis, in addition to higher satiety, than an 

isoenergetic high fat diet over 24 hours (Westerterp-Plantenga, Rolland et al. 1999). 

DIT is affected by protein source. Whereas the effect of casein on thermogenesis 

reached a maximum two hours after ingestion and decreased slowly over six hours, a less 

elevated thermic response was seen after both egg albumin and gelatin consumption. 

Accordingly, the total six hour thermic response was largest after casein ingestion (Karst, 

Steiniger et al. 1984). 

Proteins not only influence peripheral heat production, but also central thermoregulatory 

control. Both enteral and parenteral administration of protein or amino acids in humans 

stimulated an approximate 20% increase in metabolic rate; and both protein ingestion and amino 

acid infusion lead to an increase in core body temperature even when thermoregulatory 

mechanisms are intact (Brundin and Wahren 1991; Brundin and Wahren 1994). Indeed, 

recently it was found that amino acid infusion resulted in an increase in body temperature set 

point, as measured by a change in threshold values for sweating, vasodilation, thermogenesis 

and vasoconstriction (Nakajima, Takamata et al. 2004). 

Differences in DIT correlate with the differences in VAS-measured satiety between high 

protein and high fat diets (Westerterp-Plantenga, Rolland et al. 1999) and with changes in 

overall hunger sensations, also measured by VAS (Fischer, Colombani et al. 2004). It is 

unclear, however, if there is a causal relationship between DIT and satiety as they are not 

synchronous over time after a meal (Westerterp-Plantenga, Rolland et al. 1999).
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2.3.2.2. Proteins and Satiety Hormones 

Several hormones known to reduce food intake are released upon protein ingestion, 

however, the specific effect of protein on gastrointestinal hormones associated with food intake 

suppression has not received much attention. 

2.3.2.2.1. Gastrointestinal Peptides 

Protein ingestion stimulates the release of several gastrointestinal peptides involved in 

satiety, including somatostatin (Schusdziarra, Harris et al. 1978;Schusdziarra, Schick et al. 

1983), PY Y (Wen, Phillips et al. 1995; Pedersen-Bjergaard, Host et al. 1996), glucagon (Day, 

Johansen et al. 1978; Charlton, Adey et al. 1996), CCK (Liddle, Goldfine et al. 1985) and GLP-1 

(Hall, Millward et al. 2003). The latter two are the most investigated protein-induced released 

gastrointestinal peptides. 

Somatostatin decreases food intake and enhances postmeal satiety in humans (Lieverse, 

Jansen et al. 1995) perhaps through the inhibition of gastric emptying and subsequent gastric 

distension-induced suppression of food intake (Pirke, Friess et al. 1994). Similarly, PYY is 

hypothesized to have inhibitory actions on the gut (Drazen and Woods 2003) and both hunger 

and food intake were reduced in humans after injection of a physiological dose of PYY 

compared to a saline injection (Batterham, Cowley et al. 2002). Glucagon is implicated in the 

process of satiation and when injected intravenously into normal-weight young men it reduced 

meal size by approximately 20% (Geary, Kissileff et al. 1992). 

In humans, dietary protein and fat are the most potent stimulators of CCK release 

(Liddle, Goldfine et al. 1985) and the digestion of protein is necessary to stimulate its release 

(Liddle 1995). The suppression of food intake and inducement of short-term satiety by CCK in 

humans is well established (Bray 2000; Degen, Matzinger et al. 2001). CCK contributes to 

satiety through several mechanisms including sustained gastric distension (Mearadji, Masclee et 

al. 2001) and inhibition of gastric emptying (Moran and McHugh 1982; Liddle, Morita et al.



1986). CCK also augments protein and amino acid-induced insulin secretion in humans 

(Rushakoff, Goldfine et al. 1987). 

GLP-1 increases satiety and decreases food intake in normal weight, obese and diabetic 

humans (Naslund, Hellstrom et al. 2001). While it is secreted after ingestion of all three 

macronutrients (Feinle, Chapman et al. 2002; Hall, Millward et al. 2003), a protein rich (32% of 

energy) mixed macronutrient meal elicited the highest GLP-1 response compared to 

carbohydrate (65% of energy) and fat rich (65% of energy) meals (Raben, Agerholm-Larsen et 

al. 2003). Coadministration of a GLP-1 receptor agonist and protein in rats decreased food 

intake compared to the agonist alone demonstrating that protein-induced satiety acts at least in 

part through the GLP-1 receptor (Aziz and Anderson 2003). 

2.3.2.2.2. Proteins and Insulin Secretion 

Insulin is involved in both short- and long-term regulation of food intake (Nicolaidis and 

Rowland 1976; VanderWeele, Haraczkiewicz et al. 1982; Woods, Stein et al. 1984). Insulin 

secretion from the pancreas is stimulated by food ingestion both directly by absorbed nutrients, 

namely glucose and amino acids, and also by incretin hormones, including GLP-1 (Nauck, 

Niedereichholz et al. 1997). In normal, healthy subjects protein ingestion stimulates total 

insulin secretion (Floyd, Fajans et al. 1966) by approximately 30% of that observed after an 

equivalent glucose load (Nuttall, Mooradian et al. 1984; Krezowski, Nuttall et al. 1986; Brand- 

Miller, Colagiuri et al. 2000). In addition, protein and amino acid consumption result in a 

prolonged elevation of insulin above baseline concentrations (Floyd, Fajans et al. 1966) 

compared to glucose (Westphal, Gannon et al. 1990; Gannon, Nuttall et al. 2002). 

Despite stimulating insulin secretion and providing gluconeogenic substrates, glucose 

concentrations remain essentially stable after protein ingestion (Floyd, Fajans et al. 1966; 

Westphal, Gannon et al. 1990; Brand-Miller, Colagiuri et al. 2000). There is typically large 

interindividual variation in blood glucose responses to protein ingestion, yet protein-induced



insulin secretion is relatively consistent (Floyd, Fajans et al. 1966; Brand-Miller, Colagiuri et al. 

2000; Nuttall, Gannon et al. 2004). 

Protein ingestion also results in the release of glucagon. While insulin and glucagon are 

typically defined as counter-regulatory hormones in glucose homeostasis, aminogenic glucagon 

release is postulated to help prevent insulin-induced hypoglycemia by stimulating hepatic 

gluconeogenesis (Unger, Ohneda et al. 1969). Accordingly, the gluconeogenic amino acids 

alanine, serine, threonine, histidine, arginine, glycine and phenylalanine, decreased the most 

after glucagon injection (Charlton, Adey et al. 1996). 

Plasma insulin responses are affected by protein source. Ingestion of 50 g of cottage 

cheese resulted in significantly higher plasma insulin concentrations compared to an equivalent 

amount of egg white; and although not statistically different, cottage cheese tended to slightly 

decrease blood glucose concentrations, whereas with egg white there was a slight increase 

(Nuttall and Gannon 1990). Furthermore, a mixed meal containing 50 g of soy protein elicited 

higher insulin secretion than an equivalent amount of gelatin, whereas there was no difference 

between casein and these two proteins (Lang, Bellisle et al. 1999). 

Similar to when ingested alone, protein source also affects the insulin response when 

coingested with glucose. In type II diabetics subjects, 50 g of glucose plus 25 g of cottage 

cheese resulted in the greatest insulin response compared to when the protein source was lean 

beef, turkey, gelatin, fish or soy. Egg white elicited the smallest insulin response, however, 

insulin concentrations were still higher than when glucose was ingested alone (Gannon, Nuttall 

et al. 1988). In healthy individuals, drinks containing carbohydrate and either free leucine, 

phenylalanine and arginine or free leucine, phenylalanine and wheat hydrolysate were more 

potent insulin secretagogues than pea and whey hydrolysates, intact casein and drinks without 

the free amino acids (van Loon, Saris et al. 2000). Accordingly, the plasma insulin and blood 

glucose responses after ingestion of approximately 60 g of intact casein or whey with



approximately 20 g of maltodextrin did not differ (Hall, Millward et al. 2003), however, the 

presence of carbohydrate may have masked the effects of the proteins. 

Healthy and diabetic individuals differ in their insulin response to protein ingestion. 

Whereas insulinemia is only moderate after protein intake in healthy individuals, in type I 

diabetics the insulin response to protein ingestion is similar to that after an equivalent amount of 

glucose (Nuttall, Mooradian et al. 1984). Furthermore, in healthy individuals when glucose and 

protein are coingested the effect on insulin secretion is additive (Krezowski, Nuttall et al. 1986); 

however, when protein and glucose are consumed together in diabetic patients there is a 

synergistic release of insulin (Nuttall, Mooradian et al. 1984; Gannon, Nuttall et al. 1988). 

Consistent in both groups though, the blood glucose response after a glucose load is attenuated 

when protein is added and insulin concentrations take longer to return to baseline, similar to 

when protein is ingested alone (Rabinowitz, Merimee et al. 1966; Nuttall, Mooradian et al. 

1984; Krezowski, Nuttall et al. 1986; Spiller, Jensen et al. 1987). 

It is uncertain if the most important factor determining insulin secretion is actual protein 

and amino acid composition or if it is the rate of plasma amino acid appearance and the related 

digestion rate (Gannon, Nuttall et al. 1988; van Loon, Saris et al. 2000). Despite a complete 

milk protein solution containing three times as much carbohydrate than either pea or whey 

peptide hydrolysates, the insulin response after the hydrolysates was two to four times greater. 

This larger insulin response was associated with the hydrolysates rapid gastric emptying, quick 

digestion and subsequent faster increase in plasma amino acid concentrations compared to the 

complete milk protein (Calbet and MacLean 2002). In addition, while plasma insulin 

concentrations increased after a 30 g free amino acid meal that mimicked casein composition, 

30 g of the intact casein protein did not result in a rise in insulin concentrations. Similarly, 

while intact whey proteins elicited insulin secretion, the same amount of whey ingested over 

240 min did not (Dangin, Boirie et al. 2001).
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The addition of fat to a protein preload does not change the plasma glucose or insulin 

responses compared to when the protein is ingested by itself (Collier and O'Dea 1983; 

Gaudichon, Mahe et al. 1999). 

2.3.3. Amino Acids and Food Intake 

The majority of research investigating the mechanism of food intake suppression after 

protein ingestion has been based on the release of amino acids during protein digestion. Both 

pre- and postabsorptive satiety signals arise from amino acids. 

2.3.3.1. Amino Acids and Preabsorptive Signals 

Amino acids may influence food intake through preabsorptive signals. While the 

majority of amino acids follow the general pattern of increased osmolality and retardation of 

gastric emptying (Cooke and Moulang 1972; Stephens, Woolson et al. 1975) and the associated 

increase in satiety, L-tryptophan is unique. Unlike other amino acids, L-tryptophan does not act 

through osmoreceptors (Stephens, Woolson et al. 1976) but through it’s own stereospecific 

receptor (Carney, Jones et al. 1994) and by itself it is a potent delayer of gastric emptying 

(Stephens, Woolson et al. 1975; Mangel and Koegel 1984; Carney, Jones et al. 1994; Meyer, 

Hlinka et al. 1998). This action may be mediated through its effect on serotonin synthesis or 

CCK release, both known inhibitors of gastric emptying (Konturek, Radecki et al. 1973; 

Gershon, Wade et al. 1990; Chua, Keating et al. 1992). Indeed, tryptophan is one of the most 

potent amino acid stimulators of CCK release (Konturek, Radecki et al. 1973; Liddle 1997). 

Phenylalanine has also been found to play a role in slowing gastric emptying (Mangel 

and Koegel 1984; Meyer, Hlinka et al. 1998) and in inducing satiety (Ballinger and Clark 1994), 

likely through its role as the other potent amino acid releaser of CCK (Go, Hofmann et al. 1970; 

Meyer and Grossman 1972; Konturek, Radecki et al. 1973; Ballinger and Clark 1994; Liddle 

1997), but perhaps also by its ability to act as a substrate for tyrosine and catecholamine
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synthesis. L-phenylalanine suppressed caloric intake by approximately 30% after a 10 g dose in 

200 mL of water compared to an equivalent dose of p-phenylalanine or to a 200 mL water- 

placebo. This suppression of food intake was associated with a concomitant increase in plasma 

CCK concentrations and sensations of fullness (Ballinger and Clark 1994). 

2.3.3.2. Amino Acids and Postabsorptive Signals 

2.3,3.2.1. Aminostatic Hypothesis 

Typically, explanation for the effects of proteins on food intake suppression is sought in 

their effects on plasma and brain amino acid concentrations and in the past was based on the 

aminostatic hypothesis of food intake regulation (Anderson 1979; Peters and Harper 1987). 

This hypothesis proposed that the brain is sensitive to amino acids and food intake decreased 

when brain and plasma amino acid concentrations were elevated (Mellinkoff, Frankland et al. 

1956). However, the response in plasma and brain amino acid concentrations does not associate 

with short-term food intake in rats. Egg albumin, a mixture of amino acids patterned after 

albumin, and mixtures of the essential (EAA) and nonessential amino acid (NEAA) groups 

found in albumin, all comparably reduced food intake, despite the treatments having very 

different effects on plasma and brain amino acid concentrations (Anderson, Li et al. 1994). 

Therefore, the aminostatic hypothesis does not appear to explain the effect of protein on short- 

term food intake suppression. 

2.3.3.2.2. Brain Neurotransmitter Hypothesis 

The brain neurotransmitter hypothesis is based on the observation that some amino acids 

act as precursors to neurotransmitters or as neurotransmitters themselves (Li and Anderson 

1987). Specifically, threonine, histidine and the aromatic amino acids tryptophan and tyrosine 

are the precursors for glycine, histamine, serotonin (5-HT) and the catecholamines, respectively. 

Glutamic (glutamate), aspartic (aspartate) and y-aminobutyric (GABA) acids are known to 

function directly as neurotransmitters (Anderson 1981). Only the first group of aforementioned
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neurotransmitters are directly influenced by dietary protein or amino acid intake as the acidic 

amino acids do not cross the blood brain barrier at non-toxic, physiological doses (Fernstrom 

1994). In fact, a transport system exists in the blood brain barrier to export glutamate out of the 

brain and into the circulation at a rate seven times greater than which it enters the brain 

(Pardridge 1979). 

Similar to the acidic amino acids, the large neutral amino acids (LNAA) which include 

phenylalanine, tryptophan, methionine and the branched-chain amino acids (BCAA) leucine, 

isoleucine and valine (Neame 1968) share a common brain transport system. LNAA, therefore, 

compete for entry into the brain and the amino acid with the highest relative plasma 

concentration to other LNAA gains preferentially entry. 

BCAA typically demonstrate the largest increase in the peripheral circulation as they are 

not only found in large amounts in dietary proteins compared to other amino acids, but they are 

also the only amino acids that are not significantly catabolized in the liver (Munro 1983). This 

has important implications for catecholamine, serotonin and histamine synthesis as all of their 

precursors are LNAA and cannot be synthesized in the brain. Accordingly, the ratio of their 

specific precursors to the sum of other LNAA, rather than absolute concentrations, is a predictor 

of how much of a given precursor will enter the brain and consequently, how much of the 

corresponding neurotransmitter will be synthesized. 

2.3.3.2.2.1. Tryptophan and Serotonin 

The ratio of tryptophan to the remaining LNAA in plasma dictates tryptophan uptake by 

the brain (Fernstrom and Wurtman 1972). The rate-limiting enzyme, tryptophan hydroxylase, in 

the conversion pathway of tryptophan to serotonin is normally only half saturated with 

tryptophan (Young 1996) and like other EAA, tryptophan cannot be synthesized in the body, 

therefore, fluctuation in tryptophan intake and availability directly influence serotonin synthesis.
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While protein ingestion increases the absolute concentration of tryptophan in the blood, 

it causes a greater increase of other LNAA resulting in a decreased tryptophan to LNAA ratio 

and thus little serotonin synthesis. Serotonin has been inversely associated with food intake and 

body weight (Blundell 1984; Blundell 1986; Leibowitz, Weiss et al. 1988; Curzon 1990); 

however, because protein ingestion suppresses food intake and yet decreases the tryptophan to 

LNAA ratio thus reducing serotonin synthesis it is unlikely that serotonin dictates protein’s 

effect on food intake (Anderson, Luo et al. 1994). 

2.3.3.2.2.2. Tyrosine, Phenylalanine and Catecholamines 

Analogous to serotonin synthesis, tyrosine hydroxylase, the rate-limiting enzyme in the 

conversion of tyrosine to catecholamine neurotransmitters, dopamine, norepinephrine and 

epinephrine, is not fully saturated under normal conditions and catecholamine production can 

therefore also be influenced by dietary intake (Johnston, Warsh et al. 1981). However, there is 

less ability to alter catecholamine synthesis than serotonin synthesis as tyrosine hydroxylase is 

75% saturated at basal levels versus the 50% saturation of tryptophan hydroxylase (Carlsson and 

Lindqvist 1978). Phenylalanine can also act as a precursor of the catecholamines both indirectly 

as a precursor of tyrosine and directly. However, while phenylalanine has been reported to be a 

substrate for tyrosine hydroxylase (Fernstrom 1990), tyrosine is the enzyme’s preferred 

substrate (DePietro and Fernstrom 1999), 

Catecholamines may influence total energy consumption as an inverse relationship 

between the ratio of tyrosine to other LNAA and absolute energy intake has been found 

(Anderson and Ashley 1977). Additionally, dopamine, one of the catecholamines, has been 

implicated in the prolongation of intermeal intervals (Meguid, Fetissov et al. 2000). Again 

however, protein ingestion decreases the ratio suggesting that an increase in catecholamine 

synthesis does not explain the effect of protein on food intake.



2.3.3.2.2.3. Histidine and Histamine 

Analogous to serotonin and catecholamine synthesis, the depressant brain 

neurotransmitter histamine is synthesized from histidine by the unsaturated rate-limiting enzyme 

histidine decarboxylase and the ratio of histidine to other LNAA predicts both histidine brain 

entry and subsequent histamine synthesis (Harper 1976; Mercer, Dodds et al. 1989). Precursor 

availability has the largest impact on histamine synthesis compared to all other 

neurotransmitters (Young 1996). 

Brain histidine concentrations were inversely related to food intake in rats after ingestion 

of several different diets (Mercer, Dodds et al. 1989). Furthermore, intraperitoneal injection of 

histidine significantly decreased rats’ 24-hour cumulative food intake and increased neuronal 

histamine, while intracerebroventricular infusions of histidine suppressed food intake dose- 

dependently. When the conversion of histidine to histamine was blocked by a histidine 

decarboxylase inhibitor the suppressive effect of histidine on food intake was attenuated, 

highlighting the importance of the end product histamine (Yoshimatsu, Chiba et al. 2002). 

2.3.3.2.3. Insulin Secretion 

A large difference in the ability of amino acids to stimulate insulin secretion in humans 

has been described (Floyd, Fajans et al. 1966). Intravenous infusion of arginine and a mixture 

of ten amino acids (Arg, Lys, Phe, Leu, Met, Val, His, Ile, Thr and Trp) resulted in the largest 

increase in plasma insulin concentrations, followed in decreasing order by lysine, leucine, 

phenylalanine, valine and methionine. The mechanisms by which arginine and leucine stimulate 

insulin secretion are different (Fajans, Floyd et al. 1967; Milner 1969), and accordingly, 

arginine and leucine synergistically stimulate insulin secretion, more so than arginine and 

phenylalanine (Floyd, Fajans et al. 1970). Histidine did not stimulate insulin secretion by itself 

(Floyd, Fajans et al. 1966) or demonstrate synergistic insulin secretion with either arginine or 

leucine (Floyd, Fajans et al. 1970).
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However, studies using intravenous infusions cannot be relied upon to give an accurate 

account of individual amino acid’s effect on insulin secretion as digestion and incretin hormones 

are known to play an important role in protein and amino acid-induced insulin secretion (Floyd, 

Fajans et al. 1966; Floyd, Fajans et al. 1966; Raptis, Dollinger et al. 1973; Nuttall and Gannon 

1991; Gannon, Nuttall et al. 2002). In contrast to intravenous infusions, ingestion of 

physiological amounts of arginine (mean 10.6 g) did not stimulate insulin secretion (Gannon, 

Nuttall et al. 2002), while glycine (mean 4.6 g) (Gannon, Nuttall et al. 2002) and proline (mean 

6.0 g) (Nuttall, Gannon et al. 2004) both resulted in small but significant increases in plasma 

insulin concentrations. 

2.4. MILK PROTEINS AND FOOD INTAKE REGULATION 

The association between dairy product consumption and body weight regulation may be 

explained by the effect of milk proteins on food intake regulatory mechanisms. Whey and 

casein demonstrate distinct differences in digestion and absorption kinetics and therefore have 

the potential to differently affect both the source and time course of satiety signals. 

Furthermore, bioactive peptides in casein may also be contributing factors. 

2.4.1. Physical and Physiological Properties of Milk Proteins   

Bovine milk proteins are considered complete proteins as they contain all of the essential 

amino acids needed for the human body, in the proportion needed, and they have a high 

nutritional value as 85-90% of the nitrogen absorbed is retained in the body (Tome and Debabbi 

1998). Milk proteins contain approximately 21% BCAA and dairy products are considered a 

particular rich source of BCAA. There are two major components of milk proteins, namely 

micellar casein, which represents approximately 80% of milk proteins, and the soluble whey 

proteins account for the remaining 20%.
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Casein and whey exhibit different physical properties and correspondingly have different 

physiological effects. Whey is defined as a fast protein and casein as a slow protein (Boirie, 

Dangin et al. 1997). Whey remains soluble in the acidic media of the stomach, as do small 

peptides from casein, caseinomacropeptides (CMP) (Ledoux, Mahe et al. 1999), and both are 

emptied relatively rapidly from the stomach. The remainder of the casein fraction precipitates 

in the stomach and this, perhaps in conjunction with CMP and casomorphins (Daniel, 

Vohwinkel et al. 1990), slows the rate of gastric emptying (Mahe, Huneau et al. 1992; Mahe, 

Benamouzig et al. 1995; Hall, Millward et al. 2003). Due to casein’s longer exposure to gastric 

peptic hydrolysis it enters the small intestine mainly in the form of degraded products, including 

bioactive peptides, and is mostly absorbed in the upper part of the intestine (Mahe, Roos et al. 

1996). Whey, however, requires further hydrolysis by pancreatic proteases and is thus absorbed 

more distally in the intestine than casein (Mahe, Roos et al. 1996). Total gastrointestinal transit 

time is longer with casein (Daniel, Vohwinkel et al. 1990; Mahe, Roos et al. 1996). Slower 

gastric emptying (Hunt 1980; Santangelo, Peracchi et al. 1998) and an extended time of 

exposure of the small intestine to nutrients is associated with increased satiety (Read, French et 

al. 1994). 

In association with their differences in gastric emptying, casein and whey also 

demonstrate differences in their plasma amino acid profiles. Whey induces a fast, but short and 

transient, increase in plasma amino acids (Boirie, Dangin et al. 1997; Dangin, Boirie et al. 

2001), contributing to its definition as a fast protein. Furthermore, plasma amino acid 

concentrations peak 1 to 2 hours after ingestion and return to baseline values after 3 to 4 hours. 

Conversely, in accordance with the slow gastric emptying of casein, plasma amino acid 

concentrations rise more slowly and are lower in comparison to whey. Casein ingestion does 

not give rise to a defined peak in amino acid concentrations, but rather it induces a prolonged



plateau of hyperaminoacidemia lasting for at least 7 hours after ingestion (Boirie, Dangin et al. 

1997; Dangin, Boirie et al. 2001). 

Short-term postprandial protein accretion, as measured by leucine kinetics, is different 

between casein and whey (Boirie, Dangin et al. 1997). Whereas casein inhibited whole body 

protein breakdown by 34%, there was no change after whey ingestion. Furthermore, whole body 

leucine oxidation over a 7-hour period was lower after casein ingestion. Conversely, whey 

ingestion stimulated postprandial protein synthesis by 68%, whereas casein stimulated synthesis 

by only 31% (Boirie, Dangin et al. 1997). Overall, casein ingestion resulted in a more positive 

leucine balance and greater postprandial protein gain in young subjects (Dangin, Boirie et al. 

2001), but not in elderly subjects (Dangin, Boirie et al. 2001), compared with whey. 

Rate of digestion is likely a primary explanation for the different effects of casein and 

whey on protein synthesis, as the rate of protein digestion is an independent factor modulating 

postprandial protein deposition (Dangin, Boirie et al. 2001; Bos, Metges et al. 2003). When 

whey was given as small repeated meals, mimicking slow digestion, a significantly higher 

leucine balance was found versus when it was ingested as a single meal. Accordingly, when a 

single meal of free amino acids reflecting the composition of casein was ingested, it resulted in a 

lower leucine balance than when intact casein was ingested (Dangin, Boirie et al. 2001). 

In general, high leucine intake, of which milk proteins are a rich source, is associated 

with stimulation of protein synthesis, maintenance of lean body mass during weight loss and 

with maintenance of glucose homeostasis (Layman 2003; Layman, Shiue et al. 2003; Layman 

and Baum 2004). Similar to insulin, leucine also activates a cellular signaling pathway that 

initiates protein synthesis (Prod’homme, Rieu et al. 2004) and this may contribute to the 

relationship observed between dairy product consumption and body weight regulation by 

helping maintain lean body mass.
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2.4.2. Casein and Bioactive Peptides 

Both casein and whey contain bioactive peptides (Shah 2000) and two classes of casein’s 

bioactive peptides, CMP and casomorphins, have physiological effects. The first peptide to be 

released during casein digestion, namely the bioactive peptide CMP, remains soluble and is thus 

emptied rapidly along with the whey fraction (Ledoux, Mahe et al. 1999). CMP is a very 

heterogeneous fraction with different forms having various sugar and phosphorus contents. 

Intact CMP can be found in the human jejunum after milk protein consumption (Ledoux, Mahe 

et al. 1999) and it is known to have biological activity (Yvon, Beucher et al. 1994) in both 

humans (Corring, Beaufrere et al. 1997) and rats (Beucher, Levenez et al. 1994). CMP isa 

potent stimulator of CCK release, a known inhibitor of gastric emptying. More specifically, in 

rats, CMP was found to stimulate pancreatic secretion (a marker of CCK release) in a dose 

dependent manner with an approximately 20 fold greater potency than whey protein (Pedersen, 

Nagain-Domaine et al. 2000). Similarly, in humans, the amount of CMP ingested in a protein 

preload was directly related to the stimulation of luminal endogenous nitrogen secretion 

(Ledoux, Mahe et al. 1999). 

Despite no comparable bioactive peptide having been found in whey, whey was reported 

to elicit higher CCK concentrations compared to casein in humans (Hall, Millward et al. 2003). 

However, the response may be due to CMP as the whey protein used was produced by 

ultrafiltration and commercial whey products prepared in this manner contain 15-20% CMP 

(Brody 2000) as a by-product of cheese making. Similarly, higher plasma CCK concentrations 

seen when whey protein isolate replaced casein in a milk protein control diet (Le Huerou-Luron, 

Gestin et al. 1998) may have been due to CMP contamination as this study also used an 

ultrafiltrated whey product. CMP appears rapidly in the human jejunum as a high single peak 

after ingestion of whey products, whereas it is slower to appear after casein ingestion (Ledoux, 

Mahe et al. 1999), reflecting their respective fast and slow digestion kinetics.
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CMP contamination in the whey used by Hall et al. (Hall, Millward et al. 2003) might 

explain their findings of whey being more satiating than casein, although it is unclear if CMP 

itself suppresses food intake. Only one published clinical trial of the effect of CMP on food 

intake was found in the scientific literature (Gustafson, McMahon et al. 2001). In this study, no 

effect of CMP on food intake was found at a lunch served lhour after men and women 

consumed 0.4 g or 2.0 g of CMP ina preload drink of 8 kcal. However, it cannot be concluded 

that CMP does not directly contribute to satiety until studies at higher doses are conducted. 

A second class of bioactive peptides found within the primary structure of casein is 

known as casomorphins, a specific type of exorphin, and they are released upon casein digestion 

(Meisel 1986). Casomorphins inhibit gastric emptying (Daniel, Vohwinkel et al. 1990), thus 

sustaining distension, through interaction with opioid receptors that control gastrointestinal 

motility (Chang, Cuatrecasas et al. 1982; Chang, Su et al. 1985). Studies using receptor 

antagonists in rats show that both CCK and opioids (Froetschel, Azain et al. 2001) mediate the 

sustained gastric retention of digesta observed after casein ingestion. Furthermore, CCK and 

opioid antagonists reverse casein-induced food intake suppression (Pupovac and Anderson 

2002). Because the receptor antagonists did not change consumption patterns when the preload 

given was the constituent amino acids of casein instead of intact casein (Froetschel, Azain et al. 

2001), it is clear that peptides contribute to the effect of casein on gastric emptying and food 

intake. 

2.4.3. Milk Proteins, Gastrointestinal Peptides and Insulin 
  

Casein and whey elicit the release of insulin and several gastrointestinal peptides 

associated with food intake reduction. As described above, the casein-derived bioactive peptide 

CMP stimulates the release of CCK (Pedersen, Nagain-Domaine et al. 2000). In addition, 

casomorphins (Schusdziarra, Schick et al. 1983), along with casein hydrolysates (Schusdziarra,
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Harris et al. 1978; Chayvialle, Miyata et al. 1980), stimulate somatostatin release. While both 

CCK and somatostatin are involved in food intake regulation, they alone cannot explain the 

satiety response observed after casein ingestion as neither completely arrested food intake in 

dogs when infused alone or in combination at various concentrations (Kalogeris, Reidelberger et 

al. 1989). 

GLP-1 receptors are involved in the suppression of food intake by intact whey protein 

and the hydrolysates and amino acid mixtures of casein and whey in rats (Aziz and Anderson 

2003). In human subjects, plasma GLP-1 concentrations were higher after whey preloads 

compared to casein over a 3-hour measurement period (Hall, Millward et al. 2003). It cannot be 

concluded, however, that these results accurately reflect the difference in GLP-1 secretion 

between casein and whey. Three hours is a relatively short measurement time given that plasma 

amino acid concentrations begin to fall three hours after whey ingestion in humans yet they 

remain elevated for at least 7 hours after casein ingestion (Boirie, Dangin et al. 1997). 

Therefore, casein may, in turn, result in higher total GLP-1 concentrations compared to whey 

over 7 hours. 

In the same study by Hall et al. (Hall, Millward et al. 2003) no difference in insulin 

secretion was observed between the whey and casein proteins; however, as described earlier, the 

high added carbohydrate content of the preloads may have masked the potential differences in 

insulin secretion between the proteins. Indeed, other investigators found that while 30 g of 

intact casein did not elicit an insulin release, 30 g of intact whey proteins did (Dangin, Boirie et 

al. 2001). As previously described, the authors attributed the difference in insulin secretion to 

the rate of digestion and absorption of the proteins as ingestion of 30 g of free amino acids 

mimicking casein composition did stimulate insulin release, whereas slow ingestion of 30 g of 

whey over 240 min did not (Dangin, Boirie et al. 2001). Liquid milk itself has a high insulin 

index of 90-98 and yet has a low glycemic index of only 15-30, compared to an index of 100 for
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both measurements for glucose. The milk proteins, and not lactose or milk fat, are thought to be 

responsible for this discrepancy between milk’s insulin and glycemic indexes (Elmstahl and 

Bjoorck 2001; Ostman, Liljeberg Elmstahl et al. 2001). 

While both casein and whey elicit the release of hormones involved in the satiety 

mechanism, the profiles of their release differ. It is suggested that the most important 

determinant of plasma gut peptide concentrations is the pattern of gastric emptying and this is 

heavily influenced by casein’s ability to clot and form a solid-like mass in the stomach (Le 

Huerou-Luron, Gestin et al. 1998; Zabielski, Dardillat et al. 1998). 

2.5. SUMMARY 

Associations have been found between dairy product consumption and body weight 

regulation. While several components of dairy products have been examined, the role of milk 

proteins in food intake regulation has not been thoroughly investigated. Proteins are the most 

satiating macronutrient and preliminary evidence suggests that protein source is a factor in 

determining satiety. Given the distinct differences in absorption and digestion between the fast 

protein whey and the slow protein casein, the primary objective of this research was to 

determine the effects of pure milk protein sources on subsequent satiety and short-term food 

intake in young men.
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3. EXPERIMENTAL OUTLINE 

3.1. HYPOTHESIS 

Milk proteins differ in their capacity to suppress subjective appetite and short-term food 

intake in young men and these differences associate with their effect on plasma amino acid, 

glucose and insulin concentrations. 

3.2. OBJECTIVES 

The overall objective of this thesis research was to describe the effect of whey, casein 

and complete milk protein preloads on short-term subjective satiety, food intake and plasma 

amino acid, glucose and insulin concentrations in young men. 

Specific Objectives 

1) To determine the effect of whey, casein and complete milk protein preloads on 

subsequent subjective appetite, plasma amino acid and glucose concentrations and 

food intake in young males 90 min after their consumption (Experiment 1). 

2) To determine the effect of whey, casein and complete milk protein on subsequent 

subjective appetite, plasma amino acid, glucose and insulin concentrations and food 

intake in young males 150 min after their consumption (Experiment 2). 

3) To identify associations among the effect of protein treatments on food intake and 

their effects on subjective appetite, and plasma amino acid, glucose and insulin 

concentrations.
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4, MATERIALS AND METHODS 

4.1, SUBJECTS 

Following approval by the University of Toronto Health Sciences I] Research Ethics 

Board, subjects were recruited from posters displayed around the University of Toronto 

downtown campus. Separate recruitments were conducted for the two experiments which 

comprised the study. Approximately eighty individuals were prescreened through phone 

interviews for each experiment as women, diabetics, non-pizza eaters, breakfast skippers, 

smokers, dieters, competitive athletes, those with a reported BMI outside the range of 19-26 

kg/m? and those not between 18-35 years of age were excluded. In addition, individuals that 

were lactose intolerant, had allergies to milk proteins or that took protein supplements were 

excluded. To be invited to a screening session the individual had to be free of major diseases, 

they could not have had any surgery or medical condition in the last six months and they could 

not be taking any medication that could potentially affect food intake or behaviour, for example 

antidepressants. 

Potential subjects attended a screening interview where their height and weight were 

measured and their BMI calculated. They were given a package that included a Baseline 

Information Questionnaire, Food Acceptability List, Eating Habits Questionnaire, Food 

Preference Questionnaire and they received an outline of their role and a consent form to sign 

(Appendix 1). Individuals could not participate in the study if they classified as a restrained 

eater by scoring an 11 or higher on the Eating Habits Questionnaire (Herman and Polivy 1980) 

or if they ranked pizza less than 7 out of 10 on the food preference list. Once informed consent 

was received eligible subjects were taught the proper and safe technique for taking a finger prick 

blood sample and if they were comfortable with the procedure they were then invited to 

participate in the study. At the screening session subjects were also familiarized with Visual
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Analogue Scales (VAS) and shown the correct and incorrect way of marking the line. Subjects 

were instructed to read each question carefully as the opposite statements on the anchors of the 

VAS line sometimes switched, such as with the fullness question in the Motivation to Eat 

Questionnaire. 

Recruited subjects were asked to refrain from strenuous physical activity and alcohol 

consumption 24 hours prior to each session. Subjects were also required to fast, except for 

water, for 12 to 16 hours prior to their arrival and were not permitted to consume water for 1 

hour prior to arrival. Subjects who regularly consumed coffee or tea in the morning were asked 

to continue to do so, but without any added cream or sugar, at the same time at least 1 hour 

before every session to prevent withdrawal symptoms. Only one subject in the second study 

was a coffee drinker and he normally consumed it black. Those subjects who participated in 

any physical activity the day before a test session were asked to repeat the same activity at the 

same time before each test session. The night before a session subjects received a phone call to 

remind them of the study requirements and they were asked to consume a similar meal as before 

their first session. The contents of this meal, as recorded by the individuals at each session, 

were read to them as were all of the activities of their morning routine to encourage consistency 

between sessions (Appendix 4). 

Sample size was determined based on power analysis for a within-subject design 

(Appendix 2) using results from a previous study that investigated the effect of a pure protein 

sources, including whey, on subjective satiety and food intake in young men (Tecimer 2001). A 

sample size of 10 was estimated to be required to show a treatment response of 150 kcal, with a 

power of 0.80. Fifteen and sixteen subjects were successfully recruited for the first and second 

experiments, respectively. In both experiments, one subject was dropped after eating a 

particularly small amount after the control treatment (less than 600 kcal) and one subject from 

each experiment could not finish all four sessions due to time constraints. In addition, one
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subject from the first experiment was dropped due to inconsistent presession behaviour (i.e. 

irregular sleeping habits, missed several sessions and failed to comply with fasting instructions). 

The characteristics of the remaining 12 and 14 subjects from both experiments are listed 

in Table 4.1. A t-test was performed to compared subjects from each experiment and no 

significant differences in subjects’ age (23.4 versus 20.9 years), weight (75.2 versus 73.5 kg), 

height (1.81 versus 1.80 m) or BMI (22.9 versus 22.7 kg/m?) between the first and second 

experiments, respectively, were found. 

4.2. EXPERIMENTAL DESIGN 

Subjects arrived at the Department of Nutritional Sciences between 8 a.m. and 10:30 

a.m. and were required to awake and arrive at the same time for all four sessions. Sessions were 

scheduled one week apart. Each subject consumed all four treatments on separate occasions in a 

repeated measures design in an order determined by a random number generator 

(www.random.org). The four treatments included: 1) sweetened clouded water control, 2) whey 

protein isolate, 3) micellar casein and 4) complete milk protein. 

A powdered clouding agent (Beatreme 3800, Kerry Specialty Ingredients, Woodstock, 

Ontario) was used to disguise the sweetened water control and the 0.1% maximum was added to 

the water and three protein treatments to maintain uniformity. Davisco Foods International, Inc. 

(Le Sueur, Minnesota, USA) provided the whey protein isolate (BiPRO) which was 

manufactured by ion-exchange. This whey isolate is estimated to contain only 2-5% CMP 

compared to the 15-20% CMP found in ultrafiltrated commercial whey products (Brody 2000). 

Both the micellar casein (MCN-85) and the complete milk protein (CMP-GP®) were obtained 

from the American Casein Company (Burlington, New Jersey, USA). The complete milk 

protein contained 5% lactose and the micellar casein contained 0.5%, therefore edible lactose 

(medium grind; Davisco Foods International) was added to both casein and whey to



Table 4.1. Subject Characteristics for Both Experiments. 

  

Age Weight Height BMI! 
Subject No. 3 

(y) (kg) (m) (kg/m’) 

  

Experiment 1 - Food Intake 90 minutes 
  

  

  

  

  

1 21 67.3 1.70 23.4 
2 20 68.2 1.84 20.1 
3 28 69.5 1.82 21.0 
4 29 85.0 1.82 25.7 
5 24 89.0 1.87 25.5 
6 24 79.8 1.91 21.9 
7 20 71.8 1.80 22.2 
8 21 75.9 1.79 23.8 
9 25 69.0 1.82 20.8 
10 19 73.6 1.81 22.5 
11 20 711 1.79 22.2 
12 30 82.7 1.78 26.1 

Mean 23.4 75.2 1.81 22.9 

SEM? Ll 2.1 0.02 0.58 

Experiment 2 - Food Intake 150 minutes 

1 22 84.7 1.86 24.5 
2 20 67.0 1.80 20.8 
3 19 83.5 1.95 22.1 
4 18 67.2 1.67 24.1 
5 19 69.0 1.78 21.8 
6 24 81.5 1.77 26.0 
7 23 76.2 1.82 23.0 
8 26 79.0 1.83 23.6 
9 18 60.3 1.78 19.0 
10 19 72.2 1.77 23.0 
11 20 7LA 1.84 21.0 
12 18 60.0 1.76 19.5 
13 21 84.2 1.86 24.5 
14 26 73.5 1.71 25.1 

Mean 20.9 73.5 1.80 22.7 
SEM? 0.76 2.2 0.02 0.56 

  

' BMI = Body Mass Index 

* SEM = Standard Error of the Mean
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match lactose content across protein treatments. The percent and amino acid composition of 

each protein source is reported in Appendix 3. Each protein was given in an amount to provide 

0.7 g of actual protein per kilogram of body weight. 

All treatments were prepared the morning of the session using refrigerated bottled water 

(Crystal Springs, Danone, Mississauga, Ontario). The casein treatment was dissolved in 5.5 

mL/kg and the rest of the treatments were made up to the volume of the casein treatment. 

Immediately following consumption of each treatment subjects drank 50 mL of water to rinse 

their mouths out and reduce aftertaste. Therefore, an average young male of 74 kg would 

receive 51.8 g protein in a 407 mL liquid solution plus 50 mL of water. 

Treatments were sweetened using sugar-free grape KoolAid (Kraft Canada Inc, Don 

Mills, Ontario) which contains aspartame. During pretrial testing, fifteen people were asked to 

randomly assess each treatment and a multiplication factor for the amount of KoolAid needed to 

equalize sweetness was determined (Amount of protein powder x factor; Complete milk protein 

x 0.058, Casein x 0.06, Whey x 0.051, Water in Control x 0.006). After tasting each drink, 

individuals rated both the sweetness and palatability using VAS and between each drink they 

rinsed their mouths with a small amount of water to clear their palates. Due to the nature of the 

protein powders it was not possible to equalize palatability and mouth feel, therefore the focus 

of the pretrial testing was to equalize the sweetness. There was no significant difference in the 

sweetness of the treatments, as determined by pretrial testing, with the final solutions used (data 

not shown). The exact composition of treatments for a 74 kg person are given in Table 4.2. 

4.3, EXPERIMENTAL PROCEDURE 

The experimental procedure for the first experiment is outlined in Table 4.3. and in 

Table 4.4. for the second experiment. Subjects filled out a Sleep Habits and Stress Factors 

Questionnaire and a Recent Food Intake and Activity Questionnaire (Appendix 4) before each



Table 4.2. Composition of preloads for a 74 kg subject’. 
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Complete” Casein Whey Control 

Amount of Protein’ (g) 51.8 51.8 51.8 

Amount of Powder’ (g) 64.8 60.9 54.5 

Amount of Lactose’ (g) 0.00 2.93 3.24 

Clouding Agent’ (g) 0.54 0.54 0.54 0.54 

KoolAid’ (g) 3.74 3.66 2.80 241 

Water® (mL) 426.9 407.0 486.6 536.4 

Volume of preload (mL) 544.2 544.2 544.2 544.2 

Total Energy’ (kcal) 242.2 241.3 233.8 7.2 

  

‘Treatment preparation was the same for both experiments 

*Complete Milk Protein 

°0.7 g protein x kg body weight 

“Percent Protein: Complete 80%, Casein 85%, Whey 95% (Appendix 3i) 

*Percent in Powder: Complete 5%, Casein 0.5%, Whey 0% (Appendix 3i) 

*Max 0.1% of Volume 

"Equally sweetened using KoolAid 

‘Made to volume of Casein at 5.5 mL/kg 

Complete = 5.5 mL/kg x 1.05, Whey = 5.5 mL/kg x 1.2, Control = 5.5 mL/kg x 1.3 

” Based on: Manufacturers information for protein powders (Appendix 33), lactose = 4 

kcal/g, clouding agent = 2.8 kcal/g and KoolAid = 2.4 kcal/g



Table 4.3. Experiment |. Experimental Procedure 

  

Time (min.) Visual Analogue Scales Blood 

All Subjects All Subjects 
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baseline appetite, mood —_ physical comfort, 24h! glucose amino acids 

-5 PRELOAD 

0 sweetness, palatability 

20 appetite, mood glucose 

40 appetite, mood glucose amino acids 

60 appetite, mood glucose 

80 appetite, mood physical comfort glucose amino acids 

90 FOOD INTAKE 

post-meal appetite,mood palatability 

120 appetite, mood — physical comfort glucose 

‘Recent (past 24h) food intake, activity and stress questionnaire 

Table 4.4. Experiment 2. Experimental Procedure 

Time (min.) Visual Analogue Scales Blood 

All Subjects 7 Subjects 7 Subjects 

baseline appetite, mood _ physical comfort, 24h! glucose amino acids insulin 

5 PRELOAD 

0 sweetness, palatability 

20 appetite, mood 

40 appetite, mood 

60 appetite, mood 

80 appetite, mood 

110 appetite, mood physical comfort glucose aminoacids — insulin 

140 appetite, mood glucose aminoacids insulin 

150 FOOD INTAKE 

post-meal appetite, mood __ palatability glucose aminoacids insulin 

post+30 appetite, mood glucose insulin 

post+60 appetite, mood physical comfort glucose insulin   
  

‘Recent (past 24h) food intake, activity and stress questionnaire
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session to assess if any unusual factors, such as increased exercise, illness or sleep deprivation 

over the past 24 hours could have influenced their appetite. Subjects who noted any unusual 

stress or sickness, had failed to comply with fasting instructions or whose activity or food intake 

levels were substantially different from a previous session were asked to reschedule the session. 

This occurred on several occasions during both experiments. If a session was rescheduled 

subjects were given a small increase to their total compensation to encourage honesty, 

compliance and their return to future sessions. There were no differences between sessions in 

subject-rated past 24 hour amount of food intake, activity level, or stress level (data not shown). 

Once subjects were deemed suitable to continue, they completed VAS Motivation to Eat (Hill 

and Blundell 1982), Mood (Monk 1989) and Physical Comfort Questionnaires (Appendix 4). 

Subjects were instructed that once a questionnaire was completed, to turn it over and not refer to 

it again. 

After completion of all baseline VAS, initial finger prick blood samples were taken. In 

the first experiment, blood was used to determine glucose and plasma amino acid concentrations 

in all subjects. In the second experiment, blood glucose concentrations were again measured in 

all subjects, however only half of the subjects (n=7) had blood collected for plasma amino acid 

analyses and the other half (n=7) of the subjects had blood collected for insulin analyses.. It is 

not possible to collect enough blood with the finger prick method to determine both plasma 

amino acid and insulin concentrations in the same subject. 

After completion of the baseline questionnaires and blood samples, subjects were taken 

to the feeding room and given their treatment in covered, opaque cups. Subjects were required 

to finish the treatment at a constant rate over a five min period of time. A timer was started after 

the treatment was finished and the subjects returned to the study room to complete VAS rating 

both the palatability and sweetness of the drink. Subjects were instructed to remain seated in the 

study room for the duration of each session and were allowed to study, read or listen to personal
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music devices. If they had to use the washroom they were asked to walk slowly from and back 

to the study room. 

In the first experiment, the pizza meal was served at 90 min. In addition to the baseline 

samples, blood was collected every 20 min over an 80 min period of time (t=20, 40, 60, 80) and 

again after the pizza meal at 120 min to assess glucose concentrations (Table 4.3.). Blood was 

collected for amino acid analysis at baseline, 40 and 80 min. VAS Motivation to Eat 

Questionnaires were completed every 20 min for 80 min and immediately after finishing the 

pizza meal and at 120 min. VAS Mood Questionnaires were also complete at these times points 

and were used only to distract the subjects from solely thinking about their appetite. VAS 

Physical Comfort Questionnaires were completed at baseline, 80 and 120 min. 

In the second experiment, the pizza meal was served at 150 min (2.5h). Blood samples 

were taken at baseline, 110 and 140 min and then immediately after each subject finished 

consuming the pizza meal and had moved back into the study room (Table 4.4.). The final two 

finger pricks were performed 30 and 60 min after completion of the pizza meal. Blood glucose 

concentrations were measured for all subjects at these two final time points; however, additional 

blood samples were only collected for insulin analysis and not for amino acid analysis. VAS 

Motivation to Eat and Mood Questionnaires were completed every 20 min for the first 80 min 

and then every half hour until 140 min (t=20, 40, 60, 80, 110, 140). Physical Comfort VAS 

were completed at baseline, 110 min and 60 min after completion of the pizza meal. 

After completing the VAS and finger-prick blood sample at 80 (Exp 1) or 140 (Exp 2) 

min subjects were given 10 min to use the restroom and relax before being moved to a separate 

feeding room where they were served an ad libitum pizza meal (Deep ’N Delicious 5’ Pizza, 

McCain Foods Limited, Florenceville, New Brunswick) and bottled spring water (1.5L, Crystal 

Springs). Subjects were in separated cubicles during the feeding phase of the study. The pizza 

was served based on their preference, determined by the food acceptability list completed at the
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initial screening interview. Subjects were served an initial tray with two pizzas of their first 

choice, one of their second choice and one of their third choice. In the second experiment, there 

was a choice of four varieties of pizza and some subjects chose to have one of each per plate. If 

a disliking was expressed to one kind of pizza then appropriate changes were made. For 

example, vegetarians and individuals with religious restrictions were given only the Three 

Cheese pizza. Two subjects from the first experiment and one subject from the second 

experiment received only the Three Cheese pizza. Regardless of the individual preferences, 

each plate given was identical for a given subject within and between sessions. Each pizza was 

cut into quarters and subjects ate with their hands. With the presentation of the first plate, 

subjects were told that another full, hot plate would be delivered in approximately 10 min. They 

were instructed to remain seated and wait for the second plate even if they had finished the first 

plate before the second had arrived. 

When the second identical plate of hot pizza was served the first plate of pizza was 

removed. Subjects were instructed to eat and drink as much as desired until they were 

comfortably full. Subjects were also told that a third hot plate was being prepared for them, but 

if they were comfortably full before the third plate arrived they were instructed to return to the 

study room and to begin filling out their post-meal VAS. One subject from each experiment 

was consistently given three plates of pizza. No limit was imposed on the amount of time they 

could take to eat and subjects were told to eat at their usual pace. 

Subjects were never told their food intake was being measured. If asked, they were told 

that the interaction between the preload drink and the pizza meal was being investigated and if 

interested complete details would be given to them at the end of the experiment. 

After completion of the meal, the palatability of the pizza was rated using VAS and 

Motivation to Eat, Mood and Physical Comfort Questionnaires were also completed. In the first 

experiment, subjects completed their final VAS and blood sample at 120 min. In the second
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experiment, a blood sample was taken immediately after they finished completing their post- 

meal VAS and the timer was reset. Further VAS and blood samples were taken at 30 and 60 

min after completion of their pizza meal. Subjects were given a reminder sheet for the next 

session outlining and asking them to repeat exactly what they ate and did before their first 

session and they were then free to leave. 

4.4. DEPENDENT MEASURES AND DATA ANALYSIS 

SAS version 8.2 (Statistical Analysis System, SAS Institute Inc., Carey, North Carolina, 

USA) was used for all statistical analyses except for correlations which were performed using 

SPSS version 12.0 (SPSS Inc., Chicago, Ilinois, USA). Correlations between dependent 

measures were made using the Pearson’s Correlation Coefficient. Two-way repeated measures 

analysis of variance (ANOVA) were used to test for the effect of treatment and time on 

subjective appetite, blood glucose, plasma amino acid and plasma insulin concentrations. One- 

way repeated measures ANOVA were performed to test for the effect of treatment on the 

dependent variables: food and water intake, all subjective measurements (appetite, physical 

comfort, palatability, sweetness, recent food intake and activity), blood glucose, plasma amino 

acid and plasma insulin concentrations (Exp 2 only). One-way ANOVA was also used to test 

the effect of time on subjective appetite and all blood parameters. Net incremental area under 

the curve (AUC) was calculated for subjective appetite, blood glucose, plasma amino acid and 

plasma insulin concentrations. 

The General Linear Models procedure was used to perform all ANOVA analyses and 

Duncan’s post-hoc tests were performed when a statistically significant difference was found. 

Student’s t-tests were conducted to determine if there were differences in the amount of food 

intake for a given treatment between experiments and if subject characteristics differed between 

experiments. Paired t-tests were used to compare insulin concentrations. Statistical significance



49 

was defined as a p-value of less than 0.05 for all analytical tests. Data are presented as mean + 

standard error of the mean (SEM). 

Specific calculations applied to the dependent variables are described under their 

respective headings. 

4.4.1, Food and Water Intake 

Food intake was measured by weighing each variety of cooked pizza individually 

immediately before it was served to a subject and then weighing the pizza remaining after the 

subject was comfortably full. Water intake was measured in a similar manner. Three varieties 

of pizza were available for the first experiment (Deluxe, Pepperoni and Three Cheese) and 

subjects chose between four types of pizza in the second experiment (Deluxe, Pepperoni, Three 

Cheese and Hawaiian). The energy consumed (kcal) was calculated by converting the net 

weight consumed to kilocalories consumed using the information provided by the manufacturer 

(McCain Foods Limited) (Appendix 5). The energy consumed from each variety of pizza was 

calculated separately. 

There are several advantages to using McCain’s pizzas for measuring food intake. First, 

they lack a crust which results in a pizza with a relatively uniform energy content and eliminates 

the possibility that subjects will eat only the part of the pizza with energy dense toppings. This 

also allows for an accurate measurement of actual energy consumed if part of the pizza is not 

eaten. Second, each individual pizza is reasonably smal] and when cut into quarters subjects are 

presented with small pieces of pizza, of approximately 50 kcal each, minimizing the impact of 

individuals’ tendency to consume a given piece once it is started. Third, each variety of pizza is 

comparable in terms of total energy, protein, fat and carbohydrate content and thus the subject’s 

choice of pizza does not introduce confounding factors. Moreover, by giving a choice sensory- 

specific satiety is largely avoided in subjects who consumed more than one variety of pizza.
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Finally, McCain’s pizza allows a choice to be given without introducing a buffet style meal with 

a large variety which is purported to encourage subjects to override their physiological satiety 

signals and to eat past satiation (Fischer, Colombani et al. 2004). 

The percent caloric compensation was calculated in both experiments for all three 

protein treatments using the formula: 

(kcal consumed at test meal after control — kcal consumed at test meal after treatment) X 100 

kcal in treatment 

4.4.2. Subjective Measurements 

Subjective measurements were assessed using VAS. As described earlier, each VAS is a 

100 mm line anchored at either end with opposing statements. Subjects recorded an ‘xX’ directly 

on the line to indicate their feelings at that moment in time. Scores were determined by 

measuring the distance in millimeters from the left most end of the line to the intersection of the 

4.4.2.1. Subjective Appetite 

Subjective appetite was assessed by a Motivation to Eat questionnaire composed of four 

VAS questions (Hill and Blundell 1982)(Appendix 4). 

1) How strong is your desire to eat? (“Very weak’ to ‘Very strong’) 

2) How hungry do you feel? (‘Not hungry at all’ to ‘As hungry as I’ve ever felt’) 

3) How full do you feel? (“Not full at all’ to ‘Very full’) 

4) How much food do you think you could eat? (‘Nothing at all’ to ‘A large amount’) 

To determine the effect of treatment on subjective appetite the summary measure, 

average appetite, was calculated for each measurement time from the four individual Motivation 

to Eat VAS questions. 

Average Appetite = [Desire(Ql) + Hunger(Q2) + {100 — Fullness(Q3)} + Amount(Q4)] 

4
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Question 3, ‘How full do you feel?’, has opposite extremes at its anchors compared to 

the other questions, thus its score was subtracted from 100. The absolute values and the change 

from baseline were calculated for both average appetite and individual Motivation to Eat 

questions. In the second experiment, both baseline values and values from the last measurement 

time before the pizza meal (140 min) were subtracted from post-meal measurements. 

4.4.2.2. Subjective Physical Comfort 

One VAS question was employed to assess the physical well being of the individual 

(Appendix 4). Higher reported scores corresponded with greater feelings of well being. 

e How well do you feel? (“Not well at all’ to “Very well’). 

4.4.2.3. Subjective Palatability 

The palatability of each preload and of the pizza test meal was rated using a VAS 

question (Appendix 4). The palatability of the test meal on each session day was assessed 

e | How pleasant have you found the beverage/ did you find the pizza? (“Not pleasant at 

all’ to ‘Very pleasant’) 

4.4.2.4. Perceived Sweetness 

After consuming the beverage and rating its palatability subjects used a VAS to assess 

the perceived sweetness of each beverage (Appendix 4). 

e How sweet have you found the beverage? (“Not sweet at all’ to “Extremely sweet’) 

4.4.3. Blood Parameters 

Blood glucose, insulin and plasma amino acid concentrations were measured using 

finger prick blood samples. While the amount of blood that can be collected using this method 

limits the number of measurements that can be made, it conceivably does not interfere with 

subjective appetite and food intake to the same extent an intravenous catheter would.



Blood samples were taken using Monojector Lancet Devices (Kendall Company, 

Mansfield, Massachusetts, USA) and before each finger prick subjects cleaned a finger using a 

70% isopropyl alcohol swab (E-ZJECT, AMG Medical Inc., Montréal, Québec) and then dried 

the finger with a Kimwipe (Kimberly-Clark Corporation, Roswell, Georgia, USA). 

Immediately after the finger prick, the first drop of blood was wiped off and the second drop 

was placed on a glucose test strip. 

4.4.3.1. Blood Glucose 

Glucose concentrations were determined using handheld glucometers (Accu-Chek 

Compact, Roche Diagnostics Canada, Laval, Québec), in which all test strips came preloaded in 

drums to minimize handling and variability. Glucometers were checked for accuracy before 

every session using manufacturer supplied control solutions (Roche Diagnostics Canada). 

Subjects used the same glucometer for each session and drums were not changed in a given 

session. The glucometer provided an automatic reading of the blood glucose concentrations and 

subjects were not permitted to see the values on the glucometer to help minimize cognitive 

influence on subjective appetite measurements. 

4.4.3.2. Plasma Amino Acids 

After the second drop of blood was placed on a glucose strip, a further 75 nL of blood 

was collected in heparinized capillary tubes (VWR Scientific, West Chester, Pennsylvania, 

USA) for amino acid analyses. The tip of the finger was never squeezed to elicit blood release 

to avoid collection of interstitial fluid and if necessary a second finger prick was performed to 

fill the capillary tube. One end of the tube was plugged using Critocaps® (Oxford Labware, St. 

Louis, Missouri, USA) and tubes were kept at 4°C until the end of each session after which they 

were spun in a microcapillary centrifuge (Model MB, International Equipment Company (IEC), 

Boston, Massachusetts, USA) at 2,000 to 3,000 x g for 15 min at 4°C to separate the plasma. 

The glass capillary tubes were etched using a metal file and snapped. The plasma was expelled
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into microcentrifuge tubes and stored at -80°C until analyses. All samples were analyzed after 

all subjects had completed a given experiment. 

In the first experiment, plasma amino acid concentrations were determined using a 

reverse-phase high performance liquid chromatography (HPLC) system based on the method 

previously described (Choi, Chang et al. 1999). A standard solution of physiological amino 

acids was prepared and run each day before samples were analyzed to confirm the accuracy and 

settings of the system. Specifically, the standard solution consisted of 5 wL of an extended 

amino acid standard solution (17 amino acid standard solution (Sigma-Aldrich, St. Louis, 

Missouri, USA) plus separately prepared asparagine, y-aminobutyric acid (GABA). 

phosphoserine, taurine, tryptophan and ornithine (all purchased from Sigma-Aldrich)), 

combined with 5 pL of a glutamate standard solution (prepared from glutamine(Sigma-Aldrich)) 

and 15 pL of a hydroxylysine internal standard solution (6-Hydroxylysine HCl (Sigma- 

Aldrich)). 80 .L of methanol and 20 pL of sodium borate buffer (pH 9.5) were added and 

mixed thoroughly with the mixture after which 12.5 wL of an OPA solution (10 mg of o- 

phthaldialdehyde (Sigma-Aldrich), 2.5 mL of methanol, 250 yL of saturated sodium borate 

buffer and 25 uL of ethanethiol) was added. Precisely two min after mixing the derivatization 

solution with the standard amino acid solution 10 pL was manually injected into a System Gold 

(Beckman, Mississauga, Ontario) reverse-phase HPLC system utilizing a 5-jm spherical Cj 

column, 3.9 x 150 mm (Waters, Mississauga, Ontario). 

The mobile phase, with a flow rate of 1.0 mL/min, consisted of two buffers. The initial 

condition was at pH 7.2 using 92% of buffer #1 (10 mM phosphate buffer and tetrahydrofuran 

(98.5:1.5)) and 8% buffer #2 (10 mM phosphate buffer and acetonitrile (50:50)). This was 

adjusted as required to optimize the separation of amino acids. A linear gradient was 

established such that at 60 min the composition of the mobile phase was 100% of buffer #2. 

This latter condition was maintained for 7 min before returning to the initial condition (92%
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buffer #1). The eluted amino acids were detected fluorometrically (157 Fluorescence Detector, 

Beckman). The amount of standard injected on the column was 36.36 pmol for all amino acids 

except for tryptophan (17.95 pmol), asparagine (36.55 pmol), glutamine (36.82 pmol) and 

taurine (35.81 pmol). 

Plasma samples were derivatized in a similar manner. 12.5 wL of plasma was combined 

with 125 wL of methanol and the mixture was allowed to react for 15 min after which it was 

centrifuged at 6000 x g in a microcentrifuge (MicroMax, IEC) and the resulting supernatant was 

filtered (Acrodisc® 0.45um Nylon Membrane, PALL Gelman Laboratory, Ann Arbor, 

Michigan, USA). 10 pL of this plasma preparation was added to 127.5 pL of the derivatization 

mixture composed of 15 pL of the hydroxylysine internal standard, 80 pL of methanol, 20 uL of 

borate buffer (pH 9.5) and 12.5 wL of the OPA solution. Again, precisely two min after mixing 

the derivatization solution with the plasma preparation 10 wL was manually injected into the 

reverse-phase HPLC system. The HPLC system used had a coefficient of variation between 2 

and 5% for the majority of amino acids measured. 

In the second experiment, plasma amino acids were prepared and derivatized using the 

patent-pending EZ:faast amino acid analysis kit (EZ:faast", Phenomenex Inc., Torrance, 

California, USA). The procedure consisted of a solid phase extraction step, followed by 

derivitization and a final liquid/liquid extraction step. An internal standard was provided and 

added in the first step to assist in accurate quantitation. To facilitate analysis of a small volume 

of plasma the method was modified by reducing the volumes used for both the calibration 

procedure and the sample preparation procedure. The volumes of the standard solutions in 

calibration solutions I and II were reduced five fold while in solution II] they were reduced from 

100 wL to 15 pL. In all three calibration solutions the Reagent used was reduced by a factor of 

10. For the sample preparation, 10 uL of sample and Reagent 1, the internal standard, were 

used instead of 100 pL. In addition, in the final stage amino acid derivatives were redissolved
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in 50 pL of Reagent 6 instead of 100 pL. Samples were analyzed using a gas chromatography/ 

mass spectrometry (GC/MS) system (Hewlett Packard; Gas Chromatograph 5890 Series I] and 

Mass Selective Detector 5971) with helium as the carrier gas (0.5 mL/min constant flow). The 

GC/MS system used had a coefficient of variation between 6 and 10% for the majority of amino 

acids measured. 

In addition to the analyses of individual amino acids several composite calculations were 

compared including total BCAA (Val, Leu, Ile), Trp/LNAA (BCAA, Phe and Tyr), Tyr/LNAA 

(BCAA, Phe and tryptophan), EAA (BCAA, Thr, Met, Phe, Lys, His and Trp) and NEAA (Exp 

1 - Asp, Glu, Asn, Ser, Gln, Gly, Ala, Tyr, Tau and Arg; Exp 2 - Ala, Gly, Ser, Pro, Asn, Asp, 

Glu, Gln and Tyr). In the first experiment, lysine was not included in the EAA calculation due 

to poor elution and in the second experiment histidine was excluded from analyses due to poor 

detectability. Total plasma amino acids measured in a given experiment were also calculated. 

Tau and Arg were measured in the first but not the second experiment, and Pro and Lys were 

measured in the second but not the first experiment. 

4.4.3.3. Plasma Insulin 

100 pL of blood was collected in EDTA coated capillary tubes (Drummond Scientific 

Company, Broomall, Pennsylvania, USA) for insulin analyses. The plasma was collected and 

stored in a similar manner to that used for plasma amino acid determination, however, blood 

collected for insulin analysis was spun immediately after collection. After all subjects had 

completed the second experiment, samples were randomly analyzed in duplicate using five 

separate Human Insulin ELISA Kits (LINCO Research, Missouri, USA). Samples were 

prepared as per manufacturer’s instructions and the absorbency was read at 450 nm using a 

microplate reader (Bio-Rad Model 550, Hercules, California, USA). The concentrations of 

unknown samples were calculated using a 4-parameter logistic equation (GraphPad Prism,



56 

Version 2.0, San Diego, California, USA). Separate analyses were conducted for insulin 

concentrations before and after the pizza meal. 

4.4.4. Outlier Analysis 

All outcomes were analyzed for outliers defined as: 

> Mean + (Standard Deviation x 2) 

Values defined as outliers were subsequently removed from the analyses in a manner 

specific to the given measurement. For example, subjects with a calculated outlier in food 

intake were completely removed from the analyses. However, only when there were two or 

more outliers in the amino acids measured was the entire sample removed from analyses. 

Specifics for each measurement are given in the results section. 

4.4.5, Correlations 

Dependent measures after all treatments at the various measurement times within each 

experiment were used for correlation analysis between the following variables. 

1. 

N 
Go
 

8. 

9. 

Food intake vs. Subject weight, height, BMI and age 

Food intake vs. Pre-meal subjective appetite 

Food intake vs. Post-meal subjective appetite 

Food intake and average appetite vs. Physical comfort 

Food intake and average appetite vs. Perceived sweetness and palatability 

Food intake and average appetite vs. Plasma amino acid concentrations 

Food intake and average appetite vs. Blood glucose concentrations 

Food intake and average appetite vs. Plasma insulin concentrations (Exp 2 only) 

Plasma insulin and blood glucose vs. Pizza carbohydrate intake 

10, Plasma insulin concentrations vs. Blood glucose concentrations (Exp 2 only)
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5. RESULTS 

Two experiments were conducted to determine the effect of milk proteins, namely, 

casein, whey and complete milk protein, on short-term subjective appetite and food intake. In 

addition, their effects on blood glucose and plasma amino acids and insulin concentrations were 

measured. In the first experiment, food intake was measured at 90 min and in the second 

experiment food intake was measured at 150 min. Results for both experiments are presented 

together. 

5.1. FOOD AND WATER INTAKE 

Test meal consumption was affected by treatment when it was given both 90 min 

[p<0.01] and 150 min [p<0.001] after the preloads (Table 5.1., Figure 5.1.). At both 

measurement times, all three protein treatments suppressed food intake compared to the water 

control. In the first experiment, there were no differences among the three protein treatments. 

However, at 150 min, casein suppressed food intake more than whey. Complete milk protein 

exhibited an intermediate effect between casein and whey at 150 min and there was no 

difference in food intake between complete milk protein and either casein or whey. Treatments 

were given in random order and there was no effect of session number on food intake [Exp | — 

p=0.08; Exp 2 — p=0:79] (Table 5.1.). 

Total energy intake from preload and pizza was affected by treatment in both the first 

[p=0.02] and second [p=0.01] experiments (Table 5.1.). In both experiments, cumulative energy 

intake was the least after control. There was no difference in total energy intake between whey 

and control in the first experiment or between casein and control in the second experiment. 

Similar to total energy intake, no difference in percent caloric compensation between protein



Table 5.1. Effect of Milk Protein Treatments on Food and Water Intake! 
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9 Teat Meal + Caloric, 5 : 
Test Meal Preload? Compensa tion! Water Intake’ Session Food Intake 

(keal) (kcal) (%) (g) # (kcal) 

Experiment 1 - 90 minutes 

Control 960.04 66.2" 967.44 66.3” - 443.84 44.3° 1 813.04 50.0 

Casein 849.0 £52.0° 1096445649 5864310 4345451.0° 2 940647211 

Complete 850.44£51.7 1098.8+456.4° 52.9+17.9  404.8450.0° 3 84254443 

Whey 792.4+37.5° 1025.9+440.4% 60.8+£17.4 532.2+554° 4 855.6+445.5 

F 4.80 3.81 0.09 3.27 2.46 

p <0.01 0.02 0.91 0.03 0.08 

Experiment 2 - 150 minutes 

Control 1068.2+ 67.7" 1075.3 + 67.8" - 450.6 + 65.8 1 946.5+64.4 

Casein —- 893.04 64.6" 1130.7469.7" 69.6413.3 509.7 + 66.6 2 962.94 74.4 

Complete 926.44 68.4 1165.1472.4°  58.0+ 15.8 501.6 + 60.0 3 966.8 + 85.8 

Whey 985.6+74.7° 1210.0+78.5° 25.94198 523.94 49.6 4 997.0 +57.7 

F 7.35 3.82 2.96 0.90 0.35 

p <0.001 0.01 0.07 0.45 0.79 

  

'Mean + SEM; Exp | n=11, Exp 2 n=13 

"Energy consumed at pizza meal 90 min (Exp 1) or 150 min (Exp 2) after preload consumption 

*Total energy consumed from the preload and the pizza (test) meal 

‘est meal kcal consumed after control - test meal kcal consumed after treatment) X 100 

kcal in treatment 

Water intake at the pizza meal 

“Means within a column with different superscripts are significantly different
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Figure 5.1. Test meal food intake: Calories consumed from a pizza 

meal (A) 90 min or (B) 150 min after treatment ingestion 

“Treatments with different letters are significantly different
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treatments was observed [Exp! — p=0.91; Exp 2 — p=0.07] (Table 5.1.), although in the second 

experiment whey tended to result in the lowest caloric compensation. 

Water intake at the test meal was affected by treatment only in the first experiment 

[Exp] — p=0.03; Exp 2 ~ p=0.45] (Table 5.1.). Subjects drank more water after whey at the 90 

min pizza meal compared to all other treatments. However, given that food and water intake 

were positively correlated in the first experiment [Exp1 — r=0.38, p=0.01], the lower food intake 

observed after whey ingestion compared to the control treatment cannot be explained by the 

increased water consumption. Food and water intake were not correlated in the second 

experiment [Exp 2 — r=-0.22, p=0.13]. 

5.1.1. Correlations 

Food intake was positively correlated with subjects’ weight [Exp 1 —r =0.45, p<0.01; 

Exp 2 —r =0.46, p<0.001], BMI [Exp 1 — r =0.45, p<0.01; Exp 2 —r =0.33, p=0.02] and age 

[Exp 1 —r =0.36, p=0.02; Exp 2 - r =0.39, p<0.01] in both experiments and with subjects’ 

height in the second experiment [Exp 1 ~ r =0.12, p=0.45; Exp 2 — r =0.32, p=0.02], 

highlighting the importance of a within subject repeated measures design. 

5.1.2. Outlier Analysis 

One subject was removed from each experiment from all food intake analysis. Three of 

the four test meal intakes were calculated as outliers for the subject removed in the first 

experiment, and two of the four test meal intakes were calculated outliers for the subject 

removed from the second experiment.



§.2. SUBJECTIVE MEASUREMENTS 

5.2.1. Subjective Appetite 

5.2.1.1. Average Appetite 

No treatment effect was observed for absolute average appetite scores in either 

experiment [Exp 1 — p=0.38; Exp 2 — p=0.14]. There was a significant effect of time [Exp 1 — 

p<0.01; Exp 2 — p<0.01] (Table 5.2.). In the first experiment, average appetite decreased 

initially and returned towards baseline by 80 min for all treatments (Table 5.3.); no time by 

treatment interaction was observed [p=0.33] (Table 5.2.). In the second experiment, the same 

trend over time was observed for the protein treatments and, except for whey, all protein 

treatments had surpassed baseline values by 140 min (Table 5.3.). Control values did not 

initially decrease, resulting in a time by treatment interaction [p=0.04] (Table 5.2.). 

Similarly, when the data were expressed as change from baseline, there was still no 

effect of treatment on average appetite in either experiment [Exp | — p=0.15; Exp 2 — p=0.07] 

(Table 5.2.). There was an effect of time [Exp 1 — p<0.001; Exp 2 — p<0.001], but no time by 

treatment interactions were observed [Exp | — p=0.69; Exp 2 — p=0.31]. 

Mean comparisons at each measurement time by post hoc Duncan’s tests revealed a 

treatment effect 40 min after preload consumption in the first experiment (Figure 5.2.A, Table 

5.3.) and 80, 110 and 140 min after preloads in the second experiment (Figure 5.2.B, Table 

5.3.). In the first experiment, casein reduced average appetite more than whey and control. The 

response to complete milk protein was not different from any other treatment [p=0.03]. 

Conversely, in the second experiment, whey reduced average appetite more than control and 

there were no differences in responses between casein and complete milk protein and any other 

treatment at 80, 110 and 140 min [80 min — p=0.04; 110 min — p=0.04; 140 min — p=0.04].



Table 5.2. Effect of Treatment and Time on Average Appetite and Motivation to Eat 

VAS questions Before the Test Meal! 

  

  

Question” Treatment Time Time* Treatment 

F p F p F p 

Experiment 1 

Absolute 

Average Appetite 1.06 0.38 11.2 <0.001 1.15 0.33 

Desire 0.40 0.76 4.91 <0.01 0.64 0.80 

Hunger 1.64 0.20 12.3 <0.001 1.20 0.29 

Fullness 1.52 0.23 12.1 <0.001 1.22 0.27 

Amount 1.29 0.29 9.79  <0.001 1.23 0.27 

Change from baseline 

Average Appetite 1.92 0.15 11.1 <0.001 0.72 0.69 

Desire 0.82 0.49 3.74 0.02 0.55 0.84 

Hunger 1.94 0.14 15.2 <0.001 0.79 0.62 

Fullness 2.36 0.09 12.0 <0.001 0.50 0.87 

Amount 0.56 0.65 10.2 <0.001 1.57 0.14 

Experiment 2 

Absolute 

Average Appetite 1.93 0.14 5.09 =©<0.001 1.70 0.04 

Desire 1.35 0.28 480 <0.001 1.30 0.19 

Hunger 2.32 0.09 3.77 <0.01 1.24 0.23 

Fullness 1.88 0.15 5.72  <0.001 1.19 0.27 

Amount 1.58 0.21 3.91 <0.01 1.70 0.04 

Change from baseline 

Average Appetite 2.61 0.07 8.81  <0.001 1.16 0.31 

Desire 2.62 0.07 9.28 <0.001 0.86 0.61 

Hunger 2.86 0.05 7.12 <0.001 0.60 0.87 

Fullness 1.31 0.29 8.17 <0.001 1.08 0.38 

Amount 2.31 0.09 6.50 <0.001 1.46 0.12 
  

‘Mean + SEM (mm); n=12 for both Exp 1 & 2 

"Questions (on a scale of 0 to 100) 

1 = How strong is your desire to eat? 

2 = How hungry do you feel? 

3 = How full do you feel? 

4 = How much food do you think you could eat?



64 

Table 5.3. Effect of Treatment on Absolute and Change From Baseline Average Appetite 

Scores Before the Test Meal! 

  

  

  

(nin) Control Casein Complete Whey F p 

Experiment 1 

Absolute 

base 72.2 +3.6 76.7 +2.2 69.3 43.5 73.3 43.7 1.21 0.32 
20 60.6 + 3.9 5§.945.0 §5.145.5 58.6 + 5.0 1.13 0.35 
40 66.2+44.4 §8.645.1 58.8452 64.4444 1.90 0.15 
60 69.0443 65.8 + 5.6 63.74+5.2 66.0442 0.55 0.65 
80 72.243.7 70.3 +4.4 68.9443 68.14+3.4 0.60 0.62 

Change from Baseline 

20 --11.643.3 -20845.1 -142453 -14.7+440 1.66 0.19 

40 -6.0+3.1? -181+44> -10543.5" -89445" 3.28 0.03 
60 3.2434 -10.9+5.2 5.5+3.6 7.3441 0.84 0.48 
80 0.0+2.7 64447 -0.443.5 5.2432 1.12 0.36 

Experiment 2 

Absolute 

base  59.0+45.7 55.7+ 6.8 62.04 4.7 65.0 +63 1.10 0.36 
20 56.0 + 5.6 43.2+5.4 44.9+3.5 50.846.1 1.98 0.14 
40 57.2449 47.0 44.6 52.2438 50.9 + 4.5 1.66 0.19 
60 60.9 + 5.5 52.3445 55.6444 56.2444 0.94 0.43 
80 63.845.5 53.7444 60.1443 54.5453 1.54 0.22 
110. -67.745.1% 544442" 61.3445 56.0444" 3.45 0.03 
140 7084467 603440° 644445" 59645.0° 2.83 0.05 

Change from Baseline 

20 -1.343.7 124465 -171440 -142458 2.07 0.12 
40 -1.8 + 3.6 -8.7+6.0 -9.8 + 3.5 -14.2+48 1.75 0.18 
60 1945.1 3445.6 6444.8 8.8452 1.28 0.30 
80 48+42% 20461" -2.045.0" -10.5+454° 3.01 0.04 
110. 8.74699 1.3462" =-0.8462" -90465° 3.20 0.04 

140 1184817 4.7473" 24464 -55464° 3.02 0.04 
  

'Mean + SEM (mm); Exp | n=12 , Exp 2 n=12 
*Calculated from Motivation to Eat Questions (on a scale of 0 to 100): 

[ (Desire to Eat) + (Hunger) + (100 - Fullness) + (Amount)] / 100 

“Means within a row with different superscripts are significantly different
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Figure 5.2. The effect of treatment on change from baseline average appetite 
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The effect of treatment on average appetite was further investigated through calculation 

of the AUC (Table 5.4., Figure 5.3.). In the first experiment, all preloads resulted in negative 

AUCs, representative of an overall decrease in subjective appetite, however, there were no 

differences among treatments [p=0.12] (Figure 5.3.A). In the second experiment, where the 

measurement time was extended by one hour to 140 min from 80 min, all three protein 

treatments also had negative AUCs and all were lower than the control treatment’s positive 

AUC [p=0.04] (Figure 5.3.B). 

5.2.1.2. Motivation to Eat Questions 

Although the primary purpose of the VAS Motivation to Eat questions was to derive the 

average appetite scores, analyses of each individual question were performed. 

5.2.1.2.1. Desire to Eat 

Desire to eat absolute values were not affected by treatment [Exp 1 — p=0.76; Exp 2 - 

p=0.28], but there was a significant effect of time [Exp 1 — p<0.01; Exp 2 — p<0.001] (Table 

5.2.). Similar to average appetite, in the first experiment, desire to eat decreased initially for all 

treatments and increased back towards baseline over time (Table 5.5.), whereas in the second 

experiment, scores decreased initially for all treatments except control (Table 5.6.). Again, 

scores had surpassed baseline values by 140 min for all treatments except whey. There was no 

time by treatment interaction for either experiment [Exp 1 — p=0.80; Exp 2 — p=0.19] (Table 

5.2.). 

Change from baseline values for desire to eat were not affected by treatment [Exp 1 — 

p=0.49; Exp 2 -p=0.07], but there was an effect of time [Exp 1 —p=0.02; Exp 2 —-p<0.001]. 

There were no time by treatment interactions [Exp 1 -p=0.84; Exp 2 —-p=0.61] (Table 5.2.). 

Mean comparisons of each measurement time found an effect of treatment on desire to eat at 80 

min in the second experiment only [p=0.05] (Exp 1 — Table 5.7; Exp 2 — Table 5.8). Subjects 

had lower desire to eat after whey consumption compared to control (Table 5.8.).
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Table 5.4. Net Incremental Area Under the Curve (AUC) for Average Appetite and Motivation 

to Eat Questions Before the Test Meal! 

  

Average 1- Desire 2H > pummess? 4A : 

Appetite” to eat” -Hunger’ —_3- Fullness - Amoun 

Experiment 1 

Control -405.64198.5 -494.24259.4 -214.2+194.5 505.84 238.5 -370.8 + 233.2 

  

Casein -1059.8 + 302.2 -960.04265.7 -961.74328.0 1517.5+501.8  -701.7 4275.5 

Complete -600.04265.6 -475.04411.5 -487.5+288.1 949.24281.0 — -451.7+ 203.3 

Whey -669.6 + 238.1  -501.74248.3 -639.24266.1 970.8+343.9 — -530,8+ 215.1 

F 2.10 0.81 1.86 2.52 0.49 

p 0.12 0.49 0.16 0.07 0.69 

Experiment 2 

Control 846.5 £ 588.8" 980.5 £ 448.2" 1095.04643.9 -476.44754.5  848.2+580.3° 

Casein --506.6 + 754.8°  -541.74849.8" -500.84934.0 703.3+921.0  -215.84557.2 

Complete -702.34 606.4" -497.94618.3" -692.14714.9 1065.04 808.2 -499.6 + 565.9” 

  

Whey -1358.9+ 700.6" -1360.0 + 787.1° -1496.7+ 900.8 1705.8+741.9  -862.5+ 558.0" 

F 3.04 3.07 2.57 1.59 3.87 

Pp 0.04 0.04 0.07 0.21 0.02 

  

'Mean + SEM (mm); Exp | n=12 , Exp 2 n=12 
Calculated from Motivation to Eat Questions (on a scale of 0 to 100): 

[ (Desire to Eat) + (Hunger) + (100 - Fullness) + (Amount)] / 100 

Questions (on a scale of 0 to 100): 

1 = How strong is your desire to eat? 

2 = How hungry do you feel? 

3 = How full do you feel? 

4 = How much food do you think you could eat? 

“Means within a column with different superscripts are significantly different



A- Exp 1 

250 5 
Control 

68 

Treatment 

Casein Complete Whey 

  

Av
er
ag
e 

Ap
pe

ti
te

 
A
U
C
 

(
m
m
e
m
i
n
)
 

-1500 

-1750 4 

-2000 - 

B-—Exp2 

1500 5 

1000 4 

500 4 

-250 + 

-500 +4 

-750 + 

-1000 4 

-1250 4 

  

      

  

  

    

      

  

  

Treatment 

Casein Complete Whey 

  

(
m
m
e
m
i
n
)
 

-500 4 

-1000 + 

Av
er
ag
e 

Ap
pe

ti
te

 
A
U
C
 

-1500 - 

-2000 5   
Control 

      

     
b 

Figure 5.3. The effect of treatment on average appetite net incremental Area Under 
the Curve (AUC) before the test meal at (A) 90 min or (B) 150 min 

“Treatments with different letters are significantly different



Table 5.5. Experiment 1: Effect of Treatment on Absolute Scores for Motivation to Eat 

Questions 1 to 4 Before the Test Meal! 
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Question’ (min Control Casein Complete Whey F p 

1- Desire base 68.2445 744426 655447 703441 1.11 0.36 

20 555448 585453 548467 581453 0.33 0.80 

40 59.6463 554463 563458 64.7441 0.74 0.54 

60 63.2459 63.7458 61.5454 638+45.0 0.07 0.98 

80 67.545.5 676452 65.0450  68.243.7 0.15 0.93 

2-Hunger base 66.8432 74342.5 631444 705442 2.07 0.12 

20 56.9443 522447 475463 562449 1.92 0.15 

40 633445 589459 543454 618451 1.25 0.31 

60 668445 644458 61.1453 63.9446 0.41 0.75 

80 71.2441 71.2440 664442 65.043.7 1.95 0.14 

3-Fullness base 17.8453 12643.7 189444 16.9+4.7 0.67 0.58 

20 30.8+5.0° 42347.7° 39.3466 37.3458" 332 0.03 

40 25.0453 348467 336466 314463 1.64 0.20 

60 22.2446 30.7480 302468 266452 1.32 0.29 

80 21.1446 254462 241452 26.7449 0.62 0.61 

4-Amount base 71.743.5 70.643. 673434 693441 0.43 0.74 

20 61.043.7 55.1450 57.3452 574458 0.68 0.57 

40 66.943.8° 54845.4° 581442" 62.7444" 3.44 0.03 

60 684445 65.7442 624445 628439 1.13 0.35 

80 713433 68.0441 683438 65.8+3.7 0.78 0.51 
  

"Mean + SEM (mm); n=12 
Questions (on a scale of 0 to 100) 

1 = How strong is your desire to eat? 

2 = How hungry do you feel? 

3 = How full do you feel? 

4 = How much food do you think you could eat? 

“Means within a row with different superscripts are significantly different



Table 5.6. Experiment 2: Effect of Treatment on Absolute Scores for Motivation to Eat 

Questions | to 4 Before the Test Meal! 
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Question’ (min Control Casein Complete Whey F p 

1- Desire base 55.8464 533481 584447 646468 141 0.26 
20 «53.3464 42.3462 41.3442 492469 1.05 0.38 
40 §28456 443453 493441 514452 0.82 0.49 
60 594458 49.9450 525445 556440 1.05 0.39 
80 61.0459 506450 589442 540455 1.11 0.36 
110 64645.7 513455 603441 563443 2.05 0.13 
140 68.0448 566448 633444 582454 1.94 0.14 

2-Hunger base 546467 51.1485 606448 628464 1.60 0.21 
20» 552.2462 403459 444436 474467 1.05 0.38 
40 56.3462 400449 490448 449449 220 0.11 
60 573461 483454 538444 529449 0.84 0.48 
80 61.9458 485450 584441 52.1456 2.09 0.12 
110 64.245.1° 489447 604441" 53.345.1% 3.87 0.02 
140 67.3454 572447 623448 569456 1.64 0.20 

3-Fullness base 31.84+7.0 353476 308460 292472 0.26 0.85 
20 «40.2468 S51.845.7 52.944.7 473467 1.49 0.24 
40 36.7455 44.7456 434439 456461 1.12 0.36 
60 324459 408448 394446 403456 0.98 041 
80 298463 383447 345445 429462 1.56 0.22 
110 244446 366448 34.745.9" 41.1448* 3.87 0.02 
140 20.84+4.4° 32.045.1° 298450" 35.3448" 3.59 0.02 

4-Amount base 57.3453 53.7466 599458 61.9464 1.15 0.34 

20 58.745.59 42.145.6° 46.7442 54.0455" 443 0.01 
40 56.5463 484452 53.9441 52.7451 0.88 0.46 
60 592463 S18+5.0 556450 568+5.1 062 0.61 
80 62.0462 54.0451 574453 548453 0.84 048 
110 66.5466 541441 59.0453 554452 2.24 0.10 
140 688450 596451 618456 585454 2.49 0.08 
  

'Mean + SEM (mm); n=12 

“Questions (on a scale of 0 to 100) 

1 = How strong is your desire to eat? +2 = How hungry do you feel? 

3 = How full do you feel? 

“Means within a row with different superscripts are significantly different 

4 = How much food do you think you could eat?



Table 5.7. Experiment 1: Effect of Treatment on Change from Baseline Scores for 

Motivation to Eat Questions 1 to 4 Before the Test Meal! 

71 

  

3 

  

  

  

  

Question’ (my Control Casein Complete Whey F Pp 

1- Desire 20 -12.7446 -15.945.2 -10847.7 -123444 0.33 0.81 

40 -8.6444 -190452 -9345.7  -5.7442 168 0.19 

60 -5.0+44 -108453 -40458 -65448 0.40 0.75 

80 -0.743.5 6845.7 -05460 -22438 046 0.71 

2-Hunger 200 --9.842.9 -22.245.1 -15.6463 -143438 1.92 0.15 

40 -3.5434 -154454 -8843.7  -8845.9 157 0.21 

60 0043.5 -99459 -20440 -6645.0 1.00 0.40 

80 4443.5 3243.9 33434 -5543.1 227 0.10 

3-Fullness 20 13.1443 29.7483" 20.3455" 204+5.7" 3.05 0.04 

40 7343.9 222467 14.7442 14.5460 2.37 0.09 

60 4443.2 181483 113439 9.7447 1.47 0.24 

80 3.3436 128466 5.2439 98444 1.06 0.38 

4-Amount 20 -10.744.0 -155445 -101442 -118+444 0.43 0.73 

40 -4.843.3 -15844.1 -93427 66443 227 0.10 

60 --3.3438 -49439 -4943.3 64432 0.19 0.91 

80 --0.4428 -26451 09428 -3442.9 0.40 0.76 
  

'Mean + SEM (mm); n=12 
Questions (on a scale of 0 to 100) 

1 = How strong is your desire to eat? 

2 = How hungry do you feel? 

3 = How full do you feel? 

4 = How much food do you think you could eat? 

Values were calculated by subtracting baseline values 

“Means within a row with different superscripts are significantly different


