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ABSTRACT 
 

 
 

CORRELATING THE STRUCTURE AND VISCOSITIES OF DIFFERENT 
PECTIN FIBERS TO IN VIVO HUMAN SATIETY AND IN VITRO GASTRIC 

DIGESTION VISCOSITIES USING A NOVEL IN VITRO GASTRIC DIGESTION 
METHOD  

 
 

 
 
Kirstyn Logan         Advisor:  
University of Guelph, 2013      Professor H.D. Goff 

 

 The effects of a simulated in vitro digestion model on the viscosity of solutions 

comprised of high methoxyl, low methoxyl, and low methoxyl amidated pectins were 

examined in conjunction with a human satiety study with healthy men (n=10) and women 

(n=15). Participants attended 8 morning sessions with a washout period of one week after 

a 12 h overnight fast. Self reported measurements were taken for the satiety parameters of 

hunger, fullness, satisfaction and prospective food intake using 100 mm VAS scales at 

predetermined time intervals over the course of 3 h. Orange juice solutions of each type 

of fibre were formulated to be either low viscosity (LV, 0.039±0.007 Pa•s) or high 

viscosity (HV, 0.14±0.035 Pa•s). The apparent viscosities of an in vitro digestion model 

simulating the gastric and duodenal phases in the presence of hydrolytic enzymes and 

bile salts were reported at 10 s-1 and 50 s-1. All pectin types showed varying apparent 

viscosities during the gastric phases, but showed considerable reductions in viscosity 

after the final phase. The low-methoxyl low and high viscosity pectin beverages were 

associated with the greatest effect on human subjective ratings of satiety, and high 

methoxyl low and high viscosity pectin beverages inconsistently exerting effects on 
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satiety. Thus, some types of pectin are able to increase perception of satiety in humans. 

However, there was not a strong correlation between apparent viscosity of in vitro 

digestive fluids and total mean AUC for satiety related questions. Thus, fiber-induced 

satiety cannot be explained in full by digestate viscosity alone. 
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1. Introduction 

By 2015, it is estimated that the number of overweight adults will increase to 2.3 

billion (World Health Organization). Obesity is a very serious health risk; it can lead to 

further complications such as type II diabetes, strokes, certain types of cancer and 

cardiovascular disease (Goff, 2012). Epidemiologic studies have suggested an inverse 

relationship between dietary fiber intake and body weight exists through the overall 

mechanism of improving satiety (Slavin, 2005; Wanders et al., 2011; Anderson et al., 

2009). Satiety is defined as the condition of being satisfied after meal consumption, 

preventing the onset of a subsequent meal (Stubbs et al., 2000). Greater satiety may result 

from prolonged oral exposure, increased gastric distension and longer gastric emptying 

time, slower nutrient absorption in the small intestine, in addition to modulating the 

release of hormones involved in signalling satiation (Benelam, 2009; Read, 1992). There 

may also be a decrease in food intake after fiber consumption.  However, North 

Americans do not meet the dietary recommendations for adequate fiber intake (Institute 

of Medicine). A novel strategy to help regulate weight management is to change food 

composition to incorporate more dietary fiber in order to increase satiating potential, 

thereby leading to reduced food intake. 

Dietary fiber is a term used to describe a range of divergent compounds with 

dissimilar physiological effects. Fiber is generally defined as the non-digestible 

carbohydrates and lignin derived from plants and non-digestible carbohydrates that have 

physiological beneficial effects in humans (Potty, 1996; Clark and Slavin, 2013). 

Variations in physiological effects between the fibers can be attributed to differences in 
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physicochemical properties of the fibers. Thus, a key research challenge is to further the 

understanding of structure-function relationships of the fiber types in specific satiating 

enhancing benefits. The viscous nature of certain fibers is a functional property that has 

been proposed to induce satiety (Kristensen and Jensen, 2011, Dikeman and Fahey, 

2006). More viscous fibers have been shown to reduce appetite to a greater extent than 

less viscous fibers (Wanders et al., 2011). However, there are inconsistencies in this 

trend. For example, soluble non-viscous fibers such as inulin-type fructans and non-

viscous resistant starches are proving to have an effect on satiety at high doses (Welch et 

al., 2008; Willis et al., 2009; Bodinham et al., 2009; Perrigue et al., 2010). Thus, to 

elucidate the mechanisms underlying the action of dietary fibers, it is necessary to 

explore the changes in viscosity in analogous fibers after in vitro digestion and correlate 

the changes to in vivo satiety. The structure of different fibers can be related to achieved 

viscosity in solution and physiological impact. Changes in the physical characteristics 

such as viscosity and water holding capacity retention will impact satiety sensations and 

in vivo functionality.  

1.1.  Research objectives and hypotheses 
 
The overall objective of this research project was to explain how the variation in 

physicochemical characteristics of difference pectin fibers during in vitro gastric 

digestion impact human in vivo satiety. The apparent viscosity of three different types of 

commercially available pectin, i.e. high methoxyl, low methoxyl, and low methoxyl 

amidated, were dissolved in orange juice. Initial viscosities of the pectin solutions were 

matched for viscosity at high and low concentrations. The pectin solutions were subjected 

to a three-hour in vitro digestion method in order to observe changes in viscosity after 
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exposure to pH extremes, elevated temperatures, dilutions and hydrolytic enzymes that 

are present in the upper gastrointestinal tract. The changes in apparent viscosity was 

measured after different stages during the in vitro digestion to determine differences 

between the pectin solutions. Apparent viscosities were reported at 10 s-1 and 50 s-1. 

These shear rates are physiologically representative of those found along the 

gastrointestinal tract (Dikeman and Fahey, 2006) Following the in vitro digestion, a 

double-blind, randomized crossover human clinical trial was conducted with 26 healthy 

adult participants (F=15, M=11) where participants completed VAS ratings of their 

satiety, fullness, hunger and prospective food consumption when fasted and up to 3 hours 

following consumption of a pectin-fortified orange juice, in conjunction with a breakfast 

sandwich. The duration of the study was eight tests visits separated by at least one week.  

 It was hypothesized that the in vitro digestate viscosity would correlate to in vivo 

perceptions of satiety. Specifically, that the pectin type which had the highest viscosity 

during the in vitro gastric digestion would correspond to the most satiating beverage in 

the clinical trial. Additionally, it was expected that the structure of the different types of 

pectin would explain the rheologic behavior during the in vitro digestion and resulting 

satiety. 

2. Literature Review 
 

This review focuses on the relationship between dietary fiber and satiety responses 

in a physiological context. An overview of dietary fiber, including classifications, 

physicochemical properties and general health benefits is initially presented. In addition 

to an overview of satiety, the relationship between dietary fiber and satiety is clearly 
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presented by highlighting the acute physiological effects of viscous, soluble dietary fiber. 

Furthermore,  an overview of current in vitro human gastrointestinal digestion methods is 

provided followed by a review of the study specific fiber, pectin. Finally, human 

intervention studies using pectin with an in vitro component are reviewed to integrate all 

concepts presented in the review.  

2.1. Defining Fiber 

Fiber is most simply defined as complex, non-starch polysaccharides found 

mostly in plants that is not digested or absorbed in the small intestine by humans 

(Institute of Medicine, 2001; Brownlee, 2011). However, fiber varies widely in structure 

and physiological function, making it difficult for regulatory bodies to agree on a single 

definition (Slavin and Jacobs, 2010). The term dietary fiber was first introduced in the 

1950’s and was loosely considered any non-digestible portion of a plant cell wall 

(Hipsley, 1953). The definition has continued to evolve over the years to encompass a 

wide range of carbohydrates. In 2001, the Institute of Medicine of the National 

Academies (IOM) proposed fiber may exist as dietary fiber (occurs naturally in food) or 

functional fiber added during processing or preparation of food. The sum of dietary fiber 

and functional fiber is the total fiber content. In 2009, the Codex Alimentarius 

Commission created a definition stating “dietary fiber means carbohydrate polymers with 

10 or more monomeric units, which are not hydrolyzed by the endogenous enzymes in 

the small intestine of humans.” Depending on regulations at the national level, polymers 

with 3 to 9 monomeric units may also be considered as fiber. Similar to the IOM 

definition, the Codex divided fiber into 3 categories: (1) fiber which was found naturally 

in whole foods, (2) fiber obtained from food by physical, enzymatic or chemical means 
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and (3) synthetic carbohydrate polymers. However, the derived fiber must show a 

physiological benefit to humans in order to be considered dietary fiber.  

Measuring the amount of dietary fibers in foods is a complex issue. There are 

three main types of methods used to determine dietary fiber: non-enzymatic gravimetric, 

enzymatic-gravimetric and enzymatic-chemical methods. The most common methods 

used today are the enzymatic-gravimetric method of the Association of Official 

Analytical Chemists (AOAC) and the enzymatic-chemical method. These methods still 

have limitations, however. Many rely on alcohol precipitation, despite certain 

carbohydrates being soluble in ethanol. These components should be classified as fiber, 

but perhaps go uncharacterized.   

2.2. Physicochemical Characteristics of Dietary Fiber 

Fiber has traditionally been sub-classified as soluble or insoluble fiber which are 

distinguished by their different chemical properties, which result in their varying 

tendencies to absorb water and create a viscous effect (Brownlee, 2011). Insoluble fibers 

generally include cellulose, hemicellulose and lignin. Soluble fibers include gums, 

pectins, beta-glucans, oligosaccharides, resistant dextrans and resistant starches (Chawla 

and Patil, 2010; Lyon and Kacinik, 2012). Chitosan is an indigestible amino-

polysaccharide that could functionally be classified as a fiber, but is not widely regarded 

as such. In recent literature, there is increasing recognition that solubility may not be the 

most physiologically relevant characteristic on which to classify fiber. The properties of 

viscosity and fermentability are currently being investigated as equally important 

characteristics. Soluble fibers are generally associated with high viscosity and as having 

cholesterol-lowering properties, however, partially hydrolyzed guar gum and inulin are 



6	  
	  

both soluble but do not create a high viscosity in solution and do not have cholesterol-

lowering properties (Slavin, 2008). Similarly, insoluble fibers have been linked to an 

increase in stool weight and resistance to fermentation, but the scientific evidence is 

inconsistent. It is difficult to measure solubility, fermentability and viscosity in vitro. The 

methodological limitations in assessing the physicochemical properties of fiber further 

prevent the formation of a clear relationship to physiological benefits. Therefore, 

classification of fiber into meaningful categories is difficult. 

Thus, The Dietary Fiber Position Paper from the American Dietetic Association 

asserts it is inaccurate to make generalized statements about the physiological effects of 

soluble and insoluble fiber groups (2008). Fiber exhibits distinctive properties that result 

in different human physiological effects. Many of these different physico-chemical 

properties, such as viscosity, water-holding capacity and fermentability, are believed to 

be fundamental to their various health benefits.   Thus, it is pertinent to ascribe specific 

health benefits to specific fiber sources (Eastwood and Morris, 1992). This underscores 

the importance of evaluating the effects of physicochemical properties on physiological 

outcomes.  

2.3. Physiological Effects of Dietary Fiber 

A large amount of experimental and epidemiological data has attributed numerous 

disorders and diseases to the lack of dietary fiber in the diet. These conditions include 

type-2 diabetes, overweight and obesity, cardiovascular disease, colon cancer and various 

gastrointestinal disorders (Timm and Slavin, 2008; Hur and Reicks, 2011). Conversely, 

the benefits of eating adequate amounts of dietary fiber include decreased LDL-

cholesterol, enhanced colonic health, bowel regularity, increased satiety, moderation of 
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blood glucose, and a positive influence on colonic microflora (Brownlee, 2011). The 

recommended daily intake of fiber for adults is between 21 and 38 g/day. However, the 

majority of North Americans do not meet the recommended amount (IOM, 2002). It is 

estimated that the average American eats 15 g of fiber a day (IOM, 2009). While the 

incorporation of fiber into foods such as cereal bars and yogurt is becoming more 

common, research suggests whole foods containing fiber are more protective against 

disease than isolated fiber components added to foods (Slavin, 2008).  

2.3.1. Cardiovascular Disease 

 Cardiovascular disease (CVD) is one of the leading causes of mortality in the 

United States. A high level of blood cholesterol is considered a major risk factor in 

developing the disease. High intake levels of dietary fiber are associated with a lower risk 

of CVD. Thirty years of epidemiological evidence has linked soluble dietary fiber with a 

reduction in blood cholesterol (Brown et al., 1999). The mechanisms by which soluble 

dietary fibers are able to reduce cholesterol are still being clarified, but the binding of bile 

acid in the small intestine may be the most likely.   

2.3.2. Diabetes 

 Based on epidemiological studies, high levels of dietary fiber intake are 

associated with a reduction in the prevalence of type 2 diabetes (Anderson et al., 2009). 

With the introduction of dietary fiber in acute studies, it was found that dietary fibers 

elicit a hypoglycemic effect. A proposed mechanism is the viscosity increase, which 

slows the diffusion of glucose.  
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2.3.3. Gastrointestinal Health 

 The ingestion of fermentable dietary fibers, an example of which is inulin, has 

been shown to increase the number of beneficial species in addition to increasing the 

populations of beneficial bacteria such as bifidobacteria and lactobacilli (Brownlee, 2011; 

Clark and Slavin, 2013). Their fermentation produces health-promoting short chain fatty 

acids such as propionate and butyrate, which in turn promote the health of the gut 

epithelium (Topping and Clifton, 2001). A prevalence of positive gut bacteria is believed 

to play a role in moderating gastrointestinal disorders. Consuming high amounts of 

dietary fiber can also aid in laxation and stool bulking.  

2.3.4. Weight Loss 

The prevalence of global obesity poses a significant threat to public health. 

Obesity is the result of an imbalance in energy intake. While great lengths have been 

taken to combat obesity, including low-fat foods, diets, pharmacological approaches and 

even surgery, these approaches are not without significant risks and limited success. 

Higher fiber intake and consumption of whole grains are associated with a lower body 

weight and reduced energy intake in epidemiological studies (Davis et al., 2006; Howarth 

et al., 2001). The decrease in body weight may be associated with the promotion of early 

satiety and prolonging the feeling of satiation (Jensen et al., 2011). Typically, foods 

containing dietary fiber are also less calorically dense and lower in added sugars and fat 

(Lyon and Kacinik, 2012). A meta-analysis suggested that increasing fiber intake by 14 

g/day was associated with a 10% decrease in energy intake and a 2 kg weight loss over 

approximately 4 months.  In another study, 252 middle-aged women lost an average of 

4.4 lbs over 20 months with an 8 g increase in dietary fiber intake per 1000 kcal 
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consumed (Tucker and Thomas, 2009). A prospective cohort study of approximately 

30,000 men found that for every 40 g/day increase in whole grain consumption, weight 

gain decreased by 1.1 lb (Koh-Banerjee et al., 2004).  

 

2.4 Overview of Satiety 

Food intake is regulated by a series of cognitive, sensory, post-absorptive and post-

ingestive processes collectively known as the “satiety cascade” as shown in Figure 2-1 

(Blundell et al., 1994). Two words that are commonly encountered when discussing the 

physiological regulation of energy intake are satiety and satiation (Benelam, 2009).  

 Satiation is the means by which the body ceases to eat. Satiation determines the 

size of the meal, i.e. how much is consumed in a single feeding session. The processes 

involving satiation usually occur within a very short time span and are usually triggered 

within 15 to 20 minutes of the first bite of food. Satiation is typically measured using the 

ad libitum (“at one’s pleasure”) food intake during a meal (Stafleu et al., 2011). Satiety is 

the feeling of fullness that continues even after a meal is finished. Satiety suppresses 

appetite and prevents further consumption of food (barring “social eating”) until the next 

meal. Satiety and appetite are usually measured by the inter-meal time interval. 

The most obvious characteristic of foods that appears to have the largest impact 

on satiety is the energy density (the amount of energy contained per unit weight in kJ) of 

the food or beverage (Benelam, 2009).  But when energy density is held constant, some 

researchers have found macronutrient composition to be an influencing factor in 

regulating food intake. Currently, scientists are looking into which macronutrients have 

the greatest impact on postprandial energy intake. While there is still contention as to 
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which macronutrients definitively impact satiety, a diet high in fiber has been shown to 

reduce inter-meal appetite compared to a diet high in fat and carbohydrates (Burton-

Freeman, 2000; Halton and Hu, 2004; Howarth et al., 2001; Slavin and Green, 2007). 

Some data suggests that satiety is more influenced by the volume or weight of food than 

by caloric density or macronutrient content (Kral et al., 2004; Bell et al., 2003). The form 

of food also has an impact on satiety. Solid food tends to be more satiating than 

macronutrient-matched liquid food (Mourao et al., 2007). Howarth et al., (2001) 

proposed that food intake is moderated by at least four factors: palatability, food form, 

energy density and variety.    

The satiety cascade is physiologically triggered when a food or beverage is 

consumed and enters the gastrointestinal tract. The vagal afferent fibers are responsible 

for signaling the brain with regards to the nutrients present in the GI tract (Figure 2-2). 

The completion of a meal is thought to be dependent on short-term signals such as the 

release of satiety-promoting gut hormones such as glucagon-like peptides and 

Figure	  2-1: The Satiety Cascade (Source: Stafleu et al., 2011). 
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cholecystokinin in addition to the distension of the stomach (Benelam, 2009). There are 

also hormones that operate over a longer term. These include leptin, insulin and ghrelin. 

Leptin is considered to be the satiety hormone, as it promotes a feeling of fullness. 

Ghrelin is associated with meal initiation as it is a hunger-inducing hormone that 

increases during fasting (Bowen et al., 2006; Cummings, 2006). An increase in insulin  

also increases hunger (Overduin et al., 2005), which makes the body more sensitive to 

the short-term signals. The brain interprets the hormonal signals to induce the beginning 

and cessation of food consumption.  

Environmental conditions can also affect satiation and satiety. These include the 

appeal of the food or beverage, learned preferences and tastes as well as psychological 

states such as depression or social interaction (Benelam, 2009). The sensory properties of 

the food or beverage can also affect predictions of satiety. For example, an increase in the 

viscosity and thickness of foods and beverages positively influences a subject’s  
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Figure 2-2. Physiological signals leading to satiety and satiation (Source: Benelam, 

2009). 

expectations of satiety (Bertenshaw, 2008; Brunstrom et al., 2008; Kristensen and Jensen, 

2011), satiation and a reduced appetite (Lavin et al., 2002; Zijlstra et al., 2008). Marciani 

et al. (2001) described a positive relationship between fullness and high viscosity meals. 

Sensory-specific satiety can, along with other factors, contribute to the termination of 

eating. This phenomenon is the results of a decline in perceived pleasantness in 

consuming a specific food (Bell et al., 2003).  

Satiety and satiation can be measured subjectively using individual surveys of 

sensations or objectively through measurement of food intake in a laboratory or free-

living setting. Free living involves the subject recording dietary intakes. Unfortunately, it 

is very difficult to obtain meaningful results due to subject biases and uncontrolled 

environments. Thus, the majority of studies are conducted in a laboratory setting using a 

preload design (Benelam, 2009). Preload designs involve giving a subject a food or 

beverage that has been manipulated with the variable of interest and measuring the 

subsequent effect on energy intake or feelings of hunger using visual analog scales 

(VAS). VAS has been previously validated using 100 mm lines with opposing anchors at 

each end (Flint et al., 2000). VAS poses a series of questions about hunger, satisfaction, 

fullness and prospective food intake. Objective markers for satiety may also be used, 

which include hormone levels, gastric distension and gastric emptying. These items are 

only markers, however, and a truly objective assessment of satiety does not exist.  
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Studies of satiety have the potential to be affected by environmental and 

psychological factors and these must be accounted for in any study. Other confounding 

factors in satiety research include body weight, age and gender, etc. (Benelam, 2009). 

Clinical studies aim to control these factors by comparing treatments in a randomized 

order, using crossover designs where each participant serves as his or her own control 

and by having the participants arrive at the clinical trial sessions in a fasted state.  

 

2.5 Dietary Fiber and Satiety 

The satiating effects of dietary fibers have been examined in many short-term 

studies using a wide range of dietary fibers, participants, doses and matrices. Results are 

still inconclusive as to which groups or types of fibers have the greatest satiating power. 

Key fiber characteristics expected to influence the regulation of satiety include hydration 

properties, solubility, viscosity and fermentability (Papathanasopoulos and Camilleri, 

2010; Serrano, 2010). Many early studies have compared soluble and insoluble fibers but 

the results were unclear and suggested that the solubility of a dietary fiber was not a 

determinant of its satiety response (Delargy et al., 1997). Fiber viscosity may play a role 

in satiety, although this is a new concept in dietary fiber research (Slavin and Green, 

2007). Several studies have examined the satiating effect of viscous fibers, however, 

soluble non-viscous fibers such as inulin-type fructans and non-viscous resistant starches 

are proving to have an effect on satiety at high doses as well (Welch et al., 2008; Willis et 

al., 2009; Bodinham et al., 2009; Perrigue et al., 2010).  

Dietary fiber has diverse effects on the body and is thought to have an effect on 

multiple regions of the digestive system in the promotion of satiety (Figure 2-3). Foods 
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high in fiber tend to be more satiating than low-fiber counter-parts due to their relatively 

low energy density and palatability; additional intrinsic, hormonal and colonic effects of 

dietary fibers can also promote satiety (Pereira and Ludwig, 2001).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Generally, foods with a high amount of fiber require longer periods of 

mastication, which can in turn allow for more signals of satiety to reach the brain and 

reduce the rate of ingestion (Kristensen and Jensen, 2011; Brownlee, 2011; Heaton, 

1973). Gastric motility has been thought of as the main regulator of hunger, satiation and 

Figure	  2-3: Proposed satiety mechanisms of dietary fiber (Source Howarth et al., 
2001) 
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satiety; however, it may only be useful in the short term as more evidence is clarifying 

the role of the intestines in affecting satiety in the longer term  (Jensen et al., 2011). The 

majority of studies have focused on examining how gastric distension and emptying are 

affected by dietary fiber, as the relationship between appetite and intestinal function is 

less clear (Delzenne, 2010). Fibers that are highly viscous may promote satiety by 

increasing stomach distention and delaying gastric emptying, which might trigger the 

vagal afferent nerve to signal satiety (de Graaf et al., 2004). Thus, fibers may act 

mechanically in the stomach to promote satiety. Brownlee (2011), however, suggested 

that viscosity/gelation characteristics are not an important factor in delayed gastric 

emptying rates due to the inconsistent evidence amongst the viscous fibers.  

 In the small intestine, however, satiety is mostly dependent on nutrient 

absorption. Viscous fibers delay nutrient release into the intestinal lumen by increasing 

the viscosity of the chyme and creating an absorption barrier in addition to escalating 

transit time (Gray, 2006; Leeds, 1987). This may result in prolonging the hormonal 

feedback from the duodenum, ileum and colon, which would lead to a delay in gastric 

emptying (Brownlee, 2011; Kristensen and Jensen, 2011). The presence of nutrients 

occurring further down the length of the small intestine may also recruit the ileal brake 

response (Van Critters and Lin, 2006). Fiber also decreases postprandial glucose levels 

and reduces insulin secretion. These events have been linked to the promotion of satiety 

(Ludwig, 2000).  

Finally, colonic fermentation and subsequent production of short chain fatty acids 

(SCFA) has been proposed as another mechanism by which fibers affect satiety. The 

production of short chain fatty acids such as acetate, butyrate and propionate could 
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stimulate colonic L-cells to produce several satiety regulating hormones such as 

proglucagon (Peters et al., 2009; El Khoury et al., 2011). Soluble fibers have been found 

to be more fermentable than insoluble fibers and would hence produce more SCFA, 

inducing higher satiety (El Khoury et al., 2011).     

2.6 Concepts in Rheology: Viscosity 

The term rheology is defined as the study of flow behavior and deformation 

responses of matter when subjected to a deforming stress (Steffe, 1996). Rheology is an 

important concept for food applications, as fluid and semi-solid foods exhibit rheological 

characteristics (Anandha, 1999). Rheological characteristics can influence the shelf-life, 

sensory properties, and processing parameters of food.  

Viscosity is the degree of resistance to flow and is defined as the ratio of shear 

stress to shear rate (Elleuch et al., 2011). Fluids demonstrate different flow behavior and 

can be either Newtonion or non-Newtonian. Newtonian fluids are characterized by a 

shear rate (σ) that is directly proportional to the shear stress (γ) and the plot begins at the 

origin (Anandha, 2007; Mitchell and Wolf, 2011). Typical Newtonian foods contain low 

molecular weight compounds (sugars) and do not contain dissolved polymers or insoluble 

solids. Examples are water, honeys, milk etc. (Mitchell and Wolf, 2011). Non-Newtonian 

fluids do not have a linear shear stress-shear rate plot and/or do not start at the origin. The 

power law equation is used to describe non-Newtonian flow behavior, where σ= k × γn. K  

represents the consistency index (Pa) and n represents the flow behavior index. The 

consistency index describes the apparent viscosity of the fluid at a specific shear rate 

while the flow behavior index describes the deviation from Newtonian flow behavior. 
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Non-Newtonian fluids can be further classified as shear thinning (0<n<1) or shear 

thickening (1<n<∞)(Anandha, 1999).    

 

 

2.7 Viscous Effects of Soluble Fiber 

 The viscous nature of certain fibers has been proposed as a mechanism of 

inducing satiety (Kristensen and Jensen, 2011, Dikeman and Fahey, 2006), and analysis 

of current literature found that more viscous fibers reduced appetite to a greater extent 

than less viscous fibers (Wanders et al., 2011). However, there are inconsistencies in this 

trend. For example, gums and alginates have been shown to significantly prolong gastric 

emptying in some cases (French and Read, 1994; Holt et al., 1979; Russo et al., 2003; 

Torsdottir et al., 1991), while no significant effect was found in others (Rydning et al., 

1985; Van Nieuwenhoven et al., 2001; Hoad et al., 2004). The effects of dietary fiber 

may be due to the ability of fibers to create a viscous solution, which increases oral 

exposure, delays the absorption of macronutrients, retards the postprandial release of 

insulin and glucose in the blood and slows down the gastric emptying rate (Jensen et al., 

2011; Hoad et al., 2004). This occurs as a result of the water binding ability of the fiber 

as well as its indigestibility. It has also been shown that dietary fibers alter the behavior 

of the gut hormones, glucagon-like peptide 1 and cholecystokinin (Van Dijk et al., 1999; 

Bourdon et al., 2001).   

 

2.8 In vitro human gastrointestinal digestion models 



18	  
	  

Research evaluating the health effects of dietary fibers on humans can be costly, 

timely and are complicated by ethical considerations (Schneeman, 1986). Thus, scientists 

are relying on in vitro digestion models to measure change in physico-chemical 

properties such as water solubility, viscosity and fermentability of dietary fibers. In vitro 

measurements that simulate the human gastrointestinal tract could help to predict these 

properties in vivo. Additionally, in vitro methods are useful in examining how fibers 

affect the absorption of nutrients and other aspects such as glucose or cholesterol 

diffusion along the gastrointestinal tract. In vitro models could also serve as a screening 

process for dietary fiber components for further use in food products.  

In vitro models vary greatly in the complexity and consistency in formulation of 

digestive fluids and mechanical stresses. There are static, dynamic and even computer-

simulated gastrointestinal models that attempt to mimic oral, gastric, small intestinal and 

large intestinal processes. However, the results of in vitro models can differ greatly from 

in vivo studies due to the extreme difficulties in simulating the highly complex 

physicochemical, physiological, and mechanical events occurring in the gastrointestinal 

systems of humans. Nonetheless, in vitro models are an attractive alternative for 

scientists.   

Gastrointestinal in vitro models still have some common aspects. The models all 

operate at a temperature of 37°C and the most frequently used biological molecules 

include digestive enzymes such as pancreatin, pepsin, trypsin, chymotripsin, peptidase, 

alpha-amlyase and lipase;bile salts; and mucin (Hur et al., 2011). The pH in each phase 

must also be adjusted to approximately 2 for the gastric phase and 7 in the small intestinal 
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phase. The digestion time for each step in the protocols, however, differs (Woolnough et 

al., 2008).   

In satiety research, in vitro methods are being used to measure the viscosity of 

different fiber solutions after certain time points of digestion to explain the effects of 

fiber on satiety and energy intake. Viscosity is fairly straightforward to measure in 

solution. However, evaluating viscosity in vivo in the gastrointestinal tract is far more 

challenging. Shear rates for different phases of human digestion have not been adequately 

determined and are believed to vary considerably with motility and location within the 

gastrointestinal tract (Dikeman et al., 2006). Typically, the shear rate of 50 s-1 is 

reportedly equivalent to swallowing (National Dysphagia Diet Task Force, 2002).   

Data suggests that gut motility, food processing, dilution and pH influence 

viscosity in the gastrointestinal tract. Many studies have used only in vitro methods to 

evaluate the behavior and offer explanations as to physiologic effects of fiber. For 

example, the solution behavior of cereal beta-glucans was analyzed in a gastrointestinal 

model to elucidate the mechanisms behind the physiological effects (Ulmius et al., 2012). 

The researchers determined there was denser aggregation of pure beta-glucans after 

intestinal digestion, which could be construed as gel-formation in the small intestine to 

reduce nutrient absorption or enzyme kinetics (Ulmius et al., 2012). Turnbull et al., 

(2005) used an in vitro gastrointestinal model to evaluate the viscosity and water-binding 

capacity of lupin kernel fiber, soy kernel fiber, pea hull fiber, cellulose and wheat fiber in 

an attempt to make recommendations on the possible health-related physiological effects. 

They found lupine kernel fiber had the highest WBC and viscosity under in vitro 

conditions. Thus, they predicted lupine kernel fiber could beneficially modify gastric 
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emptying rates and modify the rate of nutrient absorption. Dikeman et al., 2006 examined 

solution behavior of insoluble and soluble fiber during an in vitro digestion. Soluble 

fibers tested exhibited viscous characteristics in the small intestine, indicating there is a 

potential to elicit blood glucose and lipid attenuation. Fibers that did not demonstrate 

viscous behavior may be beneficial for laxation.    

To date, few studies have generated concurrent in vitro and in vivo comparison of 

dietary fibers (Table 2-1). Those studies that have compared in vitro viscosity to human 

satiety reactions have yielded mixed results. Wanders et al (2013)a used an in vitro 

digestion method concurrent with an in vivo trial to examine the differences in viscosity 

between pectin and a control of starch and gelatin under oral and gastric conditions. It 

was found that pectin had a 4-fold higher viscosity under oral conditions than the control 

but had the same viscosity as the control under gastric conditions. Results indicated a 

significant decrease in ad libitum energy intake and increase in satiety when eating the 

pectin-fortified food product compared to the control. Another satiety study conducted by 

Wanders et al (2013) also used in vitro and in vivo experiments. The viscosity of different 

concentrations of a control, cellulose, guar gum and alginates were examined under oral, 

gastric and small intestinal conditions. The authors found that, relative to the other 

polysaccharides studied, guar gum had the highest viscosity in all phases while alginates 

had the second highest viscosity throughout the in vitro digestion. Despite guar gum 

having a higher viscosity during the in vitro digestion, a significantly lower ad libitum 

energy intake was only found for alginates. However, the oral exposure time of the 

alginate product was 48% longer than for the control, suggesting that the palatability of 

the alginate solution was responsible for the decrease in energy intake. Furthermore, 
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alginate solutions with a greater gel strength under in vitro gastric conditions correlated 

to an increase in fullness and decrease in prospective food consumption in human 

participants (Jensen et al., 2011; Peters et al., 2011). Juvonen et al., 2009 discovered a 

low-viscosity beverage was more satiating than a beverage of higher viscosity.  

These studies illustrate the difficulties in predicting the behavior of dietary fibers 

in the human digestive tract. The results of the in vitro tests do not always agree with 

predicted in vivo results. Clearly, in vitro models are unable to account for the interaction 

of nutrients present in the digesta in addition to the secretion and absorption of water, 

which varies from person to person. A more standardized in vitro method perhaps could 

allow researchers to uncover the relationships between dietary fibers and physiological 

benefits. However, in vitro methods will continue to be used to simulate food digestion 

because they are relatively straightforward, rapid, safe and do not have the ethical 

restrictions of in vivo methods (Kong and Singh, 2011). These studies also illustrate how 

differences in in vitro protocols, how fiber is incorporated into food, human study design 

and the reporting of viscosity make between study comparisons very challenging.   
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2.9 Study Specific Fiber: Pectin  

 2.9.1 Structure 

Pectin consists of an α-(1->4)-linked D-galacturonic acid polysaccharide 

backbone. The acid groups are mostly esterified with methoxy groups in their natural 

form (Perez et al., 2000). The galacturonic acid primary chain also has infrequent 

rhamnose groups present, which disrupts the regularity of the polysaccharide structure 

and promotes gelation and prevents precipitation. Pectin may also contain other neutral 

sugars such as xylose, galactose and arabinose, which are present on side chains to the 

polygalacturonic acid backbone. These side chains occur in groups, which creates hairy 

and smooth regions in the molecule. The molecule has a large amount of flexibility and 

has a curved conformation in solution.  

 

Figure 2-4: Structure of Pectin (Source: Chawla and Patil, 2010) 

 

2.9.2 Classification and gelation mechanisms 

Commercially, pectins are classified according to their methoxyl content and 

whether or not they form gels rapidly or slowly (rapid or slow set). Pectins can be 

roughly divided into high methoxyl pectins (>50% esterified) and low methoxyl pectins 

(<50% esterified). Low methoxyl pectins can also be partly neutralized with ammonium 

ions (Sundar et al., 2012). The degree of amidation refers to the percentage of 

hydrophobic methoxyl groups in the pectin that have been converted to the hydrophilic 
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amide form using ammonia processing. Amidation of the pectin molecule improves 

calcium reactivity and can also slow gelation (Rolin, 1993). The normal range of 

amidation is 15-25%. The speed of the set depends on the methoxyl content. For 

example, high methoxyl pectins with a degree of esterification (DE) of 72-75% will take 

between 20-70 s to set, whereas a pectin of DE of 62-68% will take 180-250 s to set.  

The degree of esterification also influences the gelling properties of pectin. Low 

methoxyl pectins gel in the presence of calcium via divalent cation bridging between 

adjacent helical chains and do not require sugar. The strength of the gel increases with 

increasing calcium concentration. However, the strength decreases with high 

temperatures and acidity below a pH of 3 (Lootens et al., 2003). The range of pH for gel 

formation is 2.5-6.5. High methoxyl pectins gel by forming hydrogen-bonds and 

hydrophobic interactions when the pH is approximately 3. Sugars are necessary for the 

gelation of high methoxyl pectin as these sugars bind water, which prevents water from 

interfering with the methoxyl hydrogen bonds (May, 1990). Amidation improves the 

gelling ability of LM pectins. Amidated pectins need less calcium to gel and are less 

prone to precipitation at high calcium levels (May, 1990).   

 

Figure 2-5: Gelation mechanisms of HM and LM pectin (Silvateam, 2013) 
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2.9.3 Functionality 

Pectin was first discovered in 1790 by French chemist, Louis Nicholas Vauquelin 

(Geogiev et al., 2012). It is a naturally occurring complex polysaccharide found in the 

cell wall and intracellular tissues of many fruits and vegetables. It acts as the cementing 

agent for the cellulose fibrils and keeps the cell walls of adjacent cells glued together 

(Chawla and Patil, 2010; Georgiev et al., 2012). It can be classified as a soluble, 

fermentable, viscous fiber (Slavin and Green, 2007). It is mainly used as a gelling and 

thickening agent, water binder and stabilizer. It is principally used to set jams and jellies, 

however it can also be used in confections, beverages, and acidified milk drinks. Pectin is 

also known for a wide variety of health benefits, such as lowering cholesterol and reduces 

postprandial insulin and glucose concentrations (Jenkins et al., 1977; Topping, 1991). 

Pectin is also used in pharmaceutical applications for drug delivery (Sundar et al., 2012)  

 

2.9.4 Pectin in Human Satiety Intervention Studies 

In a review conducted by Wanders et al. (2011), it was found that the fiber groups 

with the largest proportion of appetite-reducing effects were associated with consumption 

of pectin, and pectin-rich fibers. However, in another review by Slavin and Clark (2013), 

pectin was found to have no effect on energy intake. Pectin has been used in several 

intervention studies related to gastric emptying and satiety (due to its viscous nature), 

with mixed results. Holt et al. (1979) found that the gastric emptying half time increased 

from 23 to 50 min after ingesting a meal fortified with pectin. Dilorenzo et al. (1988) 

compared a treatment of 15 g of pectin vs. 15 g of methylcellulose on the gastric 

emptying time and satiety in nine obese participants. It was found that pectin delayed 
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gastric emptying and increased feelings of satiety. Tiwary et al. (1997) found that HM 

pectin in doses as low as 5 g increased satiety and decreased subsequent energy intake in 

participants. Likewise, a beverage containing 8 g of low-viscosity pectin was found to 

reduce energy intakes at the next meal for participants, but had no effect on ratings of 

hunger, fullness, or desire to eat (Perrigue et al., 2010). Another study supplemented 10 g 

of a gel-forming pectin test food to participants and found that ratings of hunger, desire to 

eat and prospective food intake were significantly lower than control, and fullness was 

significantly rated higher. Energy intake was also decreased after a single exposure, but 

not after repeated exposure (Wanders et al., 2013). One study found no effect on 

subjective satiety reports or energy intake when apple juice was and was not fortified 

with 4.8 g of soluble apple pectin (Flood-Obbagy and Rolls, 2009). However, ingesting a 

whole apple prior to a meal significantly decreased energy intake.  Another study 

reported the effects of a novel calcium-gelled, alginate-pectin beverage on food intake in 

obese participants (Pelkman et al., 2007). The participants ingested one of either a 1.0 g, 

2.8 g or a control formulation. The researchers also characterized the rheological 

properties of their product after digestion in an in vitro stomach model (data was not 

provided).  They determined that energy intake was decreased in both test formulations in 

obese participants with low rigid dietary restraint scores.  Ratings of hunger, fullness, 

prospective food consumption and appetite were inconsistent and varied for time of day 

and for participants with different rigid dietary restraint scores. A study was also 

conducted using 0.75% amidated pectin (DE 33%, DA 18%) fortified beverage to 

determine appetite reducing effects.In this case, there was a significant difference in 
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appetite score, compared to that of an administered control beverage (Noble and Le 

Douaron, 2010).   

2.9.5 Possible Satiety Inducing Mechanisms 

 The different types of pectin fiber may impact short term satiety in differenent 

ways. The first opportunity to increase feelings of satiety would have been ingestion by 

means of an extended oral exposure time. Longer oral exposure time may result in higher 

secretions of satiety-related hormones or the increased bioavailability of nutrients (Zhu et 

al., 2013). Pectin may also have had a gastric effect. Pectin has been shown to increase 

gastric emptying time in clinical trials (Holt et al., 1979; DiLorenzo et al., 1988). The 

delay in gastric emptying would delay nutrient absorption and prolong the time required 

for digestion. Pectin also has a high water binding capacity, which could increase the 

volume in the antral stomach. The increase in antral stomach distension would send 

signals to the brain indicating greater fullness. Pectin could also delay protein digestion in 

the stomach (Zhang and Vardhanabhuti, 2013). Finally, pectin is also believed to 

immobilize food components in the small intestine, which effectively reduces the rate of 

digestion (Hansen and Schultz, 1983). Flourie et al. (1984) determined that the 

absorption of food components from the small intestine was reduced with increasing 

pectin dosages. The reduction was further correlated to the increased size of the jejunal 

unstirred water layer after consuming pectin (Gerenecser et al., 1984). The thickness of 

the unstirred water layer is believed to have an influence by prohibiting contact between 

the intestinal enzymes and the food. LM pectin has been shown to reduce the activity of 

amylase by 10-40%, activity of lipase by 40-80% and activity of trypsin by 15-80% 

(Isaksson et al., 1982; Tsujita et al., 2003). HM pectin also moderately reduced the 
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activity of lipase (Isaksson et al., 1982). Pectin is also highly fermentable by gut 

microflora and produces short-chain fatty acids (SCFA) that are absorbed and contribute 

to energy. Fermentation and the increased production of SCFA has also been linked to 

greater satiety (Topping, 1991).  

 

Conclusion  

 Consumption of dietary fiber has wide-ranging implications for human health. 

Epidemiologic evidence suggests fiber may promote weight regulation by possibly 

increasing satiety and reducing energy intake. Viscous fibers may impact satiety by 

increasing gastric distention and delaying gastric emptying. In vitro gastric digestion 

methods are being concurrently used with human clinical trials in order to elucidate the 

relationships between viscosities along the gastrointestinal tract with reported appetite 

ratings. These studies are proving inconclusive with regards to gastric viscosity and the 

feelings of satiety. Pectin is a soluble, viscous fiber that has been studied for its impact on 

appetite regulation with mixed results. The mixed results are due to different types of 

pectin fiber at different doses and food matrices being studied. The goals of this study 

aims to fill the gaps in research with respect to correlating satiety to gastric and small 

intestinal viscosity in addition to standardizing in vitro and in vivo measurements.  

3. Materials and Methods 

3.1 Overview 

           This experiment comprised of an in vitro and in vivo portion, which aimed to 

measure the viscosity and satiating effect of pectin fortified beverages in an attempt to 
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correlate the two components. Six sample treatments were designed, in addition to two 

control treatments, and used in the present study. The pectin fiber utilized was of 

different chemical characteristics and the treatments were all matched for a high and low 

apparent viscosity at 50s-1. The first portion tested viscosity of different pectin-fortified 

beverages throughout a simulated gastrointestinal environment, which was composed of 

gastric and the first portion of small intestinal digestion. The second part of the 

experiment used human participants in a clinical trial to evaluate which pectin fiber 

beverage was the most satiating in vivo.  

 

3.1.1. Materials 

3.1.1.1 In vitro: 

            High methoxyl pectin, DE 72%, was sourced from CEAMSA (Vigo, Spain), 

while low methoxyl pectin DE 34%, and low methoxyl amidated, DE 33%, DA 18%, 

were sourced from Herbstreith and Fox (Neuenbürg, Germany). The pectin samples were 

blended in Tropicana Orange Juice (No Pulp) with a hand blender (Braun) in 2 L glass 

beakers. Simulated gastric fluid (Ricca Chemical Company, Arlington, Texas), purified 

pepsin (Fisher Scientific, Fair Lawn, New Jersey, USA), pancreatin U.S.P. (MP 

Biomedicals, Solon, Ohio, USA), bile salts (Fisher Science Education, Hanover Park, 

Illinois, USA), 2 N hydrochloric acid solution (Fisher Scientific, Nepean, Ontario, 

Canada), sodium phosphate monobasic monohydrate (Fisher Scientific, Fair Lawn, New 

Jersey, USA), sodium phosphate dibasic anhydrous (Fisher Scientific, Fair Lawn, New 

Jersey, USA), and calcium chloride anhydrous (Fisher Scientific, Fair Lawn, New Jersey, 

USA), were used to create the fluids used in the simulated gastrointestinal digestion. A 
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reciprocal shaking water bath (Thermo Scientific, Marietta, Ohio, USA), and deionized 

water were also used in the in vitro protocol. Erlenmeyer flasks (125 mL) and rubber 

stoppers (2.5 cm) were used to hold the samples during the digestions in addition to four, 

1 cm glass beads.   

3.1.1.2 Human Study:  

            In addition to the above items, Tim Horton’s Ham Breakfast sandwiches were 

purchased fresh every morning (Tim Horton’s, Guelph, ON). The sandwiches contained 

ham, eggs, english muffin and processed cheese, served warm, with a caloric content of 

300 kcal. The orange juice provided 240 kcal per 500 mL. Large translucent drinking 

glasses, beige trays, napkins, timers, and large spoons, were also used.  

3.1.2. Characteristics of Orange Juice and Breakfast Sandwich 

 The pH of the Tropicana: No Pulp orange juice was determined using a pH meter. 

A refractometer was used to obtain the total soluble solids measurement. University of 

Guelph laboratory services determined the calcium content of both the orange juice and 

the Tim Horton’s breakfast sandwich using soil testing methods.  

3.1.3. Preparation of pectin fiber solutions 

 Six sample treatments were formulated and tested for both the in vitro and in vivo 

portions of this study.  The treatments consisted of three types of pectin at two different 

concentrations to achieve a high viscosity (HV) and low viscosity (LV) samples. The different 

types of pectin were dissolved in a commercial brand of orange juice, Tropicana: No Pulp orange 

juice for a final volume of 500 mL. The pectin-fortified orange juice was refrigerated at 4 °C and 

was blended in 2 L beakers using a hand blender for up to 10 min until the sample was 
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homogenous.   The viscosity of high methoxyl pectin (HM) at concentrations of 1% (w/w) LV, 

and 2% (w/w) HV, were used as standards to which the apparent viscosities of low methoxyl 

pectin (LM) and low methoxyl amidated pectin (LMA) were matched at a shear rate of 50 s-

1(Table 3-1).	  

 

Table 3-1: 1Concentrations of LV and HV pectin fortified orange juice and their apparent 
viscosities at 50s-1 

 Low Viscosity Samples High Viscosity Samples 

Pectin Type 
Concentration 

in orange 
juice (w/w) 

Apparent 
viscosity (Pa.s) at 

50 s-1 

Concentration 
in orange 

juice (w/w) 

Apparent 
viscosity (Pa.s) 

at 50 s-1 

HM (DE 72%) 1% 0.0421 ± 0.006 2% 0.144 ± 0.025 

LM (DE 34%) 0.6% 0.0418 ± 0.001 1.2% 0.136  ± 0.012 

LMA (DE 33%, 
DA 18%) 

0.6% 0.043 ± 0.003 1.2% 0.132 ± 0.003 

1Mean ± standard deviation, n=3 

 

3.2 In vitro simulated human digestion protocol 

The protocol used was a modification of previously designed studies described by 

Oomen et al. (2003) and Malaki Nik et al. (2011) and has already been adapted and 

utilized by our group as described by Fabek (2011).  The current method used a 2-step 

digestion procedure, which included a gastric and intestinal/duodenal phase. The utilized  

protocol involved introducing 15 g of the pectin solution into a 125 mL Erlenmeyer flask 

along with 4 glass beads with a diameter of 1 cm (to induce mechanical mixing). The 

samples were sealed with rubber stoppers to prevent water loss and subsequently 
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incubated at 37 °C , human body temperature, in a shaking water bath (Thermo 

Scientific, Marietta, Ohio, USA) at 175 rpm. Simulated fluids were then added to mimic 

chemical conditions along the gastrointestinal tract (Table 3-2). The ratio of simulated 

gastric fluid (SGF):simulated intestinal fluid (SIF):simulated bile fluid (SBF) was 

1:2:0.66, in accordance with previous studies (Oomen et al., 2003). All fluids were 

prepared immediately before incorporation in glass tubes and mixed with a vortex mixer.   

Table 3-2: Composition of digestive fluids used during in vitro digestion protocol 

Simulated Gastric Fluid 
(SGF) 

Simulated Intestinal Fluid 
(SIF) 

Simulated Bile Fluid 

0.2% NaCl (w/w) in 0.7% 
HCl (w/v) 

0.5M NaH2PO4 3.6 (water): 1 (2N HCl) 
(v/v) 

3.2 mg mL-1 pepsin 5 mg mL-1 pancreatin 8 mg mL-1 bile salts 

 

3.2.1. Simulated gastric digestion 

To mimic the gastric phase of digestion, the 15 g of pectin solution was incubated 

for a period of 2 h in 7 mL of simulated gastric fluid (SGF) in addition to 3.2 mg/mL of 

pepsin in a shaking water bath (Table 3). The simulated chyme was adjusted to a pH of 

2.0 using 1.0 M HCl with stirring (United States Pharmacopeial Convention, 2000). 

Samples were taken for rheological characterization after one hour of incubation and at 

the end of the incubation period.  

3.2.2. Simulated duodenal digestion 

To mimic the intestinal stage of digestion, digested pectin solution obtained from 

the simulated gastric phase WAS incubated for 1 hour in 12 mL simulated intestinal fluid 

(SIF), 2 mL CaCl (750 Mm) and 4.6 mL simulated bile fluid (SBF) in the shaking water 
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bath (Table 3).  The pH was adjusted to 7.6 via  dropwise addition of 1.0 M NaOH with 

stirring (United States Pharmacopeial Convention, 2000). Samples were taken for 

rheological characterization at the end of the 1 h incubation period.   

3.3 Rheology of the sample treatments 

All pectin fiber solutions were formulated on the day of sampling. The flow 

behaviors of the pectin solutions were determined at three stages in the in vitro digestion: 

before in vitro digestion, after in vitro gastric digestion and after in vitro 

intestinal/duodenal digestion. Viscosity readings were obtained in triplicate, in Pa.s, using 

a cone and plate geometry on a controlled- stress rheometer (AR 2000, TA Instruments, 

Delaware, USA). A 6 cm diameter cone with an angle of 2° and a truncation gap of 50 

µm was used, as illustrated in Figure 3-1. The flow behavior was examined by placing 2 

mL of the sample on a Peltier plate. The Peltier plate was maintained at a temperature of 

37 °C throughout the experiment to simulate the temperature of the human body (Cohen 

et al., 2009). Viscosity was measured using shear rate sweep tests with the shear rate 

being progressively increased from 10-200 s-1, with 28 sample points recorded. To 

determine the consistency index k (Pa) and dimensionless index n, the power law (σ = k × 

γn) was applied using a non- linear regression, where (σ) is shear stress and (γ) is shear 

rate. 
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Figure 3-1. Diagram of cone and plate contrivance used to analyze flow behaviour. 

 

3.4. Protocol for Human Trial 

 The University of Guelph Human Research Ethics Board approved the 

human experiments included in this study for May-August 2013 (REB # 13FE009). All 

participants also provided written informed consent (Appendix F, Appendix H). This 

study used a double-blind randomized crossover design with 26 healthy adult male and 

female participants. The clinical trial consisted of a total of 8 study sessions, each of 3 h 

duration.and interrupted by 1-week washout periods. Participants consumed the treatment 

and control beverages (completed in duplicate) in randomly assigned orders following 

overnight fasts.  

3.4.1 Participants 

Participants were recruited through flyers placed around the University of Guelph 

campus (Appendix A). There was initial interest from 122 people. 111 potential 
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participants were screened either over the phone or through an email questionnaire 

(Appendix B). Based on lack of response, inability to commit to the required 8 sessions 

or not meeting eligibility requirements, 44 potential participants were invited to an in-

person physical screening conducted in the sampling bay of the Human Nutraceutical 

Research Unit (HNRU) at the University of Guelph. Final participant eligibility was 

determined by meeting all of the inclusion and exclusion criteria (See section 3.4.2 and 

3.4.3). During the in-person screening visit, the height was measured to the nearest 

centimetre using a stadiometer (Model 217, SECA®, Hanover, USA) and non-fasted 

body weight was measured to the nearest 0.1 kg on a digital scale (SVI-200F, Acculab®, 

Barrie, Canada). Both were used to calculate the BMI. A modified GI questionnaire was 

used to assess acute gastric upset and the Three Factor Eating Questionnaire R-21 

(TFEQ-R21) was used to evaluate cognitive restraint, emotional and unrestrained eating 

behaviors (Appendix C). Finally, twenty-six male (n=11) and female subjects (n=15) 

aged 18-30 with healthy BMI (18.5-26 kg/m2) were eligible to participate. One 

participant did not complete the study due to not meeting the study guidelines and their 

data was omitted from the analysis.  

3.4.2 Inclusion Criteria 

Participants were healthy men and women between 18 and 30 years of age. 

Participants were non-smokers, not taking any medication other than birth control or 

dietary supplements, not dieting, did not have any gastrointestinal disorders or acute 

gastrointestinal dysfunction as measured by the GI questionnaire (Appendix C), had a 

stable body weight over the previous 2 months, consumed over 7 g of fiber daily and had 
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a BMI of less than 30kg/m2. During the screening process, the heights and weights were 

measured and used to calculate BMI.  

3.4.3.Exclusion Criteria 

Participants were excluded if they had a history of any chronic or acute 

gastrointestinal disorders, eating disorders, other conditions affecting appetite as 

measured by a GI questionnaire and TFEQ-R21; were pregnant or lactating; did not like 

or were allergic to the test foods; experienced weight change >5 kg in the last 2 months 

prior to screening; consumed more than 5 alcoholic drinks per day; or were considered 

constrained, uncontrolled or emotional eaters as determined by TFEQ-R21. Restrained 

eater as defined as having a restrained eating score of <2.44, uncontrolled eating score of 

<2.74 and an emotional eating score of <2.38  (Cappelleri et al., 2009).   

3.4.4 Randomization 

 A Latin Square determined participant randomization. Five 8x8 Latin Squares 

were used to assign treatments to the participants (Appendix I). Participants were 

assigned to each row according to study enrolment.  

3.4.5 Sample Size  

 The sample size used for this study was based on previously published data and 

the statistical software G*Power 3.0.3 (Flint et al., 2000; Faul et al., 2007). The primary 

endpoint was to determine difference in appetite sensations. A 10 mm difference in VAS 

is regarded as clinically meaningful with a power of 80% (Blundell et al., 2010). The 
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sample size was determined to be 21 participants. Additional participants were recruited 

to account for potential study dropouts.   

3.4.6 Sample Treatments 

 All sample treatments and the control (completed in duplicate) were similar in 

appearance and had a similar macronutrient composition with the exception of the 

amount of fiber present in the beverage. To conceal the treatment identity, a volunteer 

randomly assigned 3-digit codes to the pre-weighed pectin fibers portioned in whirl-pak 

baggies. The codes were assigned to the amount of orange juice to be measured on a 

separate document, which were used by volunteers during the mornings of the study 

sessions to maintain the double-blind trial. They were prepared on the day of the clinical 

trial by weighing out a pre-determined amount of orange juice and blending in pre-

weighed packets of the dietary fiber treatments using a hand blender for up to 10 minutes. 

The beverages were served to the participants by the study coordinator within 10 min of 

being formulated with a temperature of 4-8°C.     

3.4.7 Dietary Intake Analysis 

 Participants were asked to complete 24-hour food records for the day prior to their 

first study visit (Appendix E). Using the food records for reference, participants were 

asked to keep meal intake consistent on the days prior to study visits to minimize 

variability. Food records were analyzed using The Food Processor Nutritional software 

program for the determination of average energy, carbohydrate, fat, protein, and fiber 

intake (ESHA, Salem, OR)(Appendix G).   
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3.4.8 Study Visits  

 On each of the eight separate sessions, participants consumed either one of two 

control beverages or one of the six treatment (with fiber) beverages. The participants 

were presented with a study handbook to provide instructions and study guidance 

(Appendix E). The participants fasted for 12 h prior to their morning visits. Visits were 

held between 7:00 am and 9:30 am on weekdays in the meeting room and sensory booths 

in the HNRU. Participant visits were scheduled at least one week apart. Upon arrival, the 

participants completed baseline VAS to initially assess satiety isolated panelist booths 

using paper and pen (Appendix D). After the VAS was collected, the participants were 

given a tray containing their beverage and standardized breakfast sandwich. The 

sandwiches were purchased fresh each morning from a local Tim Horton’s and contained 

egg, ham, processed cheddar cheese, and English muffin. The weight of the breakfast 

sandwich with the wrapping was measured and recorded for every breakfast sandwich 

before it was served. Participants were not allowed to consume any water but were 

instructed to rinse their mouths with 15 mL of provided room temperature water. 

Additional VAS ratings were completed at 10, 30, 45, 60, 120 and 180 min. Participants 

also completed VAS ratings to assess their liking of the palatability, texture and overall 

liking of the beverage after initial consumption. During the 180 min study sessions, 

participants were seated in the meeting room and were allowed to read, use laptops, listen 

to music or work quietly. Each participant was provided with a timer and, as required, 

returned to their assigned panelist booth to complete each rating.    
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3.4.9.Visual Analog Scales (VAS) 

 The participants’ satiety ratings were evaluated using questions from a previously 

validated 100 mm VAS (Flint et al., 2000). The questions were used from the original 

citation (Appendix D). The questions appeared as follows: How hungry do you feel? Not 

hungry at all (0 mm) vs. I have never been more hungry (100 mm). How satisfied do you 

feel? I am completely empty (0 mm) vs. I cannot eat another bite 9 (100 mm). How full 

do you feel? Not at all full (0 mm) vs. Total full (100 mm). How much do you think you 

can eat? Nothing at all (0 mm) vs. A lot (100 mm). Participants were also instructed to 

rate their liking of the particular test beverage they were consuming. The questions were 

as follows: How did you find the texture of the beverage? Dislike extremely (0 mm) vs. 

Like extremely (100 mm). How did you find the taste of the beverage?  Dislike extremely 

(0 mm) vs. Like extremely (100 mm). Overall, how did you find the palatability of the 

beverage? Dislike extremely (0 mm) vs. Like extremely (100 mm). A section was 

included where participants could make additional comments concerning the general 

acceptability of the beverage.  

3.5. Statistical Analysis 

In vitro data was analyzed by calculating the mean values along with the standard 

error of the mean. A one-way analysis of variance (ANOVA) and post-hoc Bonferroni-

Dunn tests were carried out to determine significant differences between the results. Total 

area under the curve (AUC) with inclusion of a covariate was used to analyze self-

reported VAS scores. Total AUC was calculated using the trapezoid rule. The two 

controls were compared for differences in means using a student’s t-test. The control total 
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AUC means were then averaged. The different fiber treatments and control were 

compared by each total AUC mean for hunger, fullness, satisfaction and prospective food 

intake in a univariate model which included analysis of covariance (ANCOVA) for 

baseline scores and weeks. Analytic models included participant, treatment, week and 

week*treatment interaction. Post-hoc Bonferroni-Dunn tests were used to compare means 

for treatment and weeks. Data are presented as mean AUC value +/- SEM. Two-tailed 

Spearman correlations were used to evaluate the relationship between viscosity and AUC 

and taste, texture and palatability to viscosity and AUC. Statistical analysis was 

performed with SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 

5.0™ (GraphPad Prism Software Inc., La Jolla, CA, USA). 

4. Results  

4.1. Characteristics of the Orange Juice and Breakfast Sandwich 

The total soluble solids (TSS) was determined to be 11% in orange juice and the 

pH was 3.0. calcium content of the Tropicana No Pulp orange juice was determined to be 

110 µg/g. The average weight of the breakfast sandwich was determined to be 48.6 g and 

the breakfast sandwich contained 1600 µg/g of calcium.  

4.2. Effect of in vitro digestion on the apparent viscosity of pectin solutions 

  Apparent viscosities at 10 and 50 s-1 of the low viscosity and high viscosity 

orange juice/pectin solutions after 0 h, 1 h gastric, 2 h gastric and 1 h intestinal human 

digestion are plotted in Figure 4-1. Overall, there was a reduction in apparent viscosity 

for all samples after the 3-h gastrointestinal digestion. The control and HM pectin 

exhibited a gradual decline in apparent viscosity after each step of the digestion. 
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However, the LM and LMA pectin had variable apparent viscosities, depending on the 

shear rate and concentration. The rheological flow behavior was further evaluated at all 

four digestion time point measurements by reporting the consistency (k) and flow rate 

index (n) in Table 4-1. The flow indices (n) of all samples were in the range of 0<n<1. 

Thus, all samples demonstrated shear-thinning behavior. 
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Figure 4-1:A
pparent viscosities at 10 and 50 s -1 of the a), b) low

 viscosity and c),d) high viscosity solutions follow
ing a 

three-hour sim
ulated gastric and duodenal digestion. Error bars indicate standard error of m

ean. D
ifferent superscript letters 

(a,b,c,d) above each bar indicate significant difference betw
een m

eans of each set of conditions  (p<0.05). 
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4.2.1. Rheological Behavior prior to in vitro digestion  

  Prior to the in vitro gastric digestion (Table 4-1), the LMA-LV treatment 

exhibited the highest shear-thinning behavior amongst the pectin solutions and control 

while LM-HV had the lowest shear thinning behavior. The control had the lowest 

consistency index k while the LMA-HV treatment had the highest. The control also had 

the most pseudoplastic behavior, while LM-LV had the least. Statistical analyses to 

compare the samples were conducted for the data at shear rates of 10 s-1 and 50 s-1.  

For the low viscosity solutions at 10 s-1 before gastric digestion, all the samples 

had significantly different apparent viscosities except the HM-LV and LM-LV 

treatments. The LMA-LV treatment has a significantly higher apparent viscosity than the 

LM-LV and HM-LV treatments. For the high viscosity solutions at 10 s-1 before gastric 

digestion, only the control had a significantly different apparent viscosity than the pectin-

fortified beverages. For the low viscosity treatments at 50 s-1 before gastric digestion, the 

apparent viscosities of all treatments are similar to each other. The control has a 

significantly lower apparent viscosity. For the high viscosity treatments at 50 s-1, all 

pectin-fortified treatments had similar apparent viscosities; only the control beverage had 

an apparent viscosity that was significantly lower. 

4.2.2 Rheology after one-hour gastric digestion    

Following the first hour of simulated gastric digestion, the different pectin-

fortified solutions exhibit varying changes in shear thinning behavior compared to before 

digestion (Table 4-1). All treatments except for HM-LV and HM-HV decrease their flow 

behavior index further from 1. The k index of LMA-LV increased slightly while the k 

index of LMA-HV and LM-HV increased dramatically when compared to values before 
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digestion. The k index of the other treatments and controls decreased compared to the 

values before digestion.  For the low viscosity treatments after a 1 h gastric digestion at 

10 s-1, all samples have significantly different apparent viscosities except LMA-LV and 

HM-LV. The LM-LV treatment has the highest apparent viscosity compared to all other 

samples, while the control has the lowest. For the high viscosity treatment at 10 s-1, the 

only treatment that was significantly higher when compared to the other samples was 

LM-HV. For the low viscosity treatments at 50 s-1, the LMA-LV and HM-LV treatments 

were significantly different when compared and the HM-LV, LM-LV treatments were 

also significantly different when compared. The control also had a significantly different 

apparent viscosity at this shear rate from all pectin-fortified treatments. LMA-LV had the 

highest apparent viscosity at 50 s-1 while the control had the lowest. At 50 s-1 for the high 

viscosity treatments and control, all the apparent viscosities were significantly different 

from each other when compared. LMA-HV had the largest apparent viscosity at this 

shear rate, while the control had the lowest.  

4.2.3 Rheology after two-hour gastric digestion 

 All samples were subjected to another hour of gastric digestion and subsequent 

shear thinning behavior increased for all samples except for HM-LV and HM-HV, which 

became more Newtonian (Table 4-1). The k index decreased for all samples except the 

control and LM-HV treatment. The LM-HV treatment also had the largest k index. At 10 

s-1, the LMA-LV is similar to the control and the HM-LV treatment. The other treatments 

and control differ significantly from each other when compared. At 10 s-1 for the high 

viscosity treatments, the LM-HV treatment is significantly different from all other 

samples when compared. At 50 s-1, the apparent viscosities of the high viscosity 
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treatments are all significantly different when compared. At 50 s-1, the apparent 

viscosities of the low viscosity samples were all significantly different when compared 

except for LMA-LV and HM-LV compared to LM-LV, respectively.  

4.2.4 Rheology after one-hour intestinal digestion 

The samples were then subjected to an intestinal digestion for 1 h (Table 4-4). 

For all samples, the shear thinning behavior decreased following the digestion to become 

more Newtonian. The LM and LMA treatments showed flow behavior values closest to 

1, while the HM and control were slightly lower than the LM and LMA values when 

compared. The k index at 10 s-1 also decreased for all treatments. HM-HV had the largest 

apparent value at 10 s-1, while the control had the lowest. For the low viscosity treatments 

at 10 s -1, the apparent viscosities of all samples were not significantly different. For the 

high viscosity treatments at 10 s -1, the apparent viscosity of HM-LV was significantly 

different from all other sample treatments. At 50 s-1, the apparent viscosities of the low 

viscosity treatments were comparable to each other with the exception of the apparent 

viscosities of the HM-LV and LM-LV treatments when compared to the LMA-LV 

treatment. At 50 s-1, all the apparent viscosities for the high viscosity treatments are 

significantly different except when LM-HV and LMA-HV treatments were compared.  
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Table 4-1: Rheological characteristics of pectin fiber solutions at 10 and 50 s-1 at 
different stages during an in vitro digestion 12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Data reported as mean measurements ± SEM, n=3. 
2Different superscript letters (a,b,c) represents a significant difference in mean between 
the low viscosity treatments within a column and numbers (1,2,3) represent a significant 
difference between the high viscosity treatments within a column (p<0.05).  
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4.3 Human Clinical Trial 

4.3.1 Participant characteristics 

Twenty-five participants (women n=15, men n=10) completed all eight visits. The 

mean age ± SD for females was 23.1 ± 3.0 years and 24.8 ± 2.4 years for males.  The 

mean BMI ± SD was 22.1 ± 1 and 23.4 ± 2.1 for females and males, respectively. The 

cognitive restraint, emotional and uncontrolled eating scores for females were 2.1 ± 0.4, 

1.6 ± 0.5 and 1.9 ± 0.4, respectively. For males they were 1.9 ± 0.5, 1.9 ± 0.4 and 2.1 ± 

0.4, respectively. 	  

4.3.2 VAS scores 
 

Figure 4-2 illustrates the change in VAS scores from the baseline, in mm, over 

180 min for all treatments and averaged control for the four questions on the 

questionnaire. All treatments and averaged control scores varied significantly over the 

180 min testing period, indicating there was a time effect on appetite sensations. 

Participants were at their hungriest at t = 0 min (called the baseline). Generally, hunger 

drastically decreased following the consumption of the test breakfast and the test or 

control beverage at t = 10 min. For all test and control beverage treatments, hunger 

gradually increased over time after the initial consumption of the breakfast at t = 10 min.  

Participants were generally the least full at t = 0 min (baseline). Fullness increased 

immediately after consumption of the test beverage and test meal at t = 10 min. Fullness 

gradually decreased with time for all test and control treatments, but never completely 

returned to baseline.   
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In all cases, participants were the least satisfied at t = 0 min (baseline). 

Satisfaction drastically increased following the consumption of the test breakfast and the 

test or control beverage at t = 10 min. For all test and control beverage treatments, 

satisfaction gradually decreased over time after the initial breakfast consumption. The 

satisfaction scores never returned to the baseline.  

Participants had the highest prospective food intake scores at t = 0 min (baseline) 

and the lowest at t = 10 min, right after the test beverage and meal were consumed. 

Scores gradually increased over time after consumption of the breakfast beverage and test 

meal, but never returned to the baseline.  

4.3.3. Control Treatments 

	   A control beverage containing no added fiber was tested in duplicate and 

compared for differences in the total AUC means (Figure 4-3). Inferential statistics using 

Student’s t-test revealed there was no difference between the total AUC means for the 

control replicates, for each sensation scale. Therefore, for all subsequent analysis, they 

are represented as an average of the two control treatments.  
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4.3.4 Comparison of total mean AUC for satiety sensations 

Mean total hunger AUC scores were decreased by each test treatment, relative to 

the control (Figure 4-4, Table 4-2). Total mean AUC was significantly different between 

the control treatment, LM-LV and LM-HV (p<0.05). However, the LM-LV and LM-HV 

treatment did not differ significantly from any other test treatment. The results suggested 

that hunger is decreased by LM-LV and LM-HV treatments. 

Means of total fullness AUC were increased by each test treatment relative to the 

control (Figure 4-4, Table 4-2). Total mean fullness AUC was significantly different 

between the control treatment and all of the LM-LV, LM-HV, HM-LV, and HM-HV 

treatments. However, the LM-LV, LM-HV, HM-LV and HM-HV treatments did not 

differ significantly from any of the other test treatments. These results suggest fullness 

was significantly increased by LM-LV, LM-HV, HM-LV and HM-HV treatments.    

Means of total satisfaction AUC were increased by each test treatment relative to 

the control (Figure 4-4, Table 4-2). Total mean satisfaction AUC was significantly 

different between the control treatment and all of the LM-LV, LM-HV, and HM-HV 

treatments. However, the LM-LV, LM-HV, and HM-HV treatments did not differ 

significantly from any of the other test treatments. Results suggest that satisfaction was 

significantly increased by LM-LV, LM-HV and HM-HV treatments.  

Means of total prospective food intake AUC were decreased by each test 

treatment relative to the control (Figure 4-4, Table 4-2). However, only the LM-LV, 

LM-HV and HM-LV treatments were significantly different from the control but did not 

differ from any of the other treatments. Results suggested that the prospective food intake 

is decreased by LM-LV, LM-HV and HM-LV treatments.   
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Table 4-2: Baseline adjusted mean total AUC ±  SEM compared for all treatments and 
control for the satiety parameters.  

 

 

 

 

	  

	  

	  

	  

	  

Different superscript letters (a,b,c) within a column indicate significant difference 
between means (p<0.05).  
1Covariates appearing in model were evaluated at baseline=75.88, week=4.50. 
2Covariates appearing in model were evaluated at baseline=11.75, week=4.50 
3Covariates appearing in model were evaluated at baseline=13.75, week=4.50 
4Covariates appearing in model were evaluated at baseline =79.22 and week=4.50.	  
 

4.3.5 Effect of pectin fiber on male and female populations 

Males and females differed in their mean total AUC for each of the four satiety 

sensations evaluated (Figure 4-5, Table 4-3). Overall, males had higher hunger scores, 

lower fullness scores, lower satisfaction scores and higher prospective food intake than 

females. In the male participants, all pectin-fortified beverages suppressed the feeling of 

hunger but none were significantly different from the control. For females, the test 

treatments also depressed hunger scores but only the mean AUC of the LM-HV pectin 

fortified beverage was significantly different from the mean AUC of the control beverage 

with no added fiber.  

Treatment Mean Total 
Hunger1 

Mean Total 
Fullness2 

Mean Total 
Satisfaction3 

Mean Total 
Prospective Food 

Intake4 

Control 7459 ± 327a 9272 ± 257a 9460 ± 233a 8554 ± 218a 

LMA-LV 6770 ± 231ab 10271± 364ab 10226 ± 332ab 7858 ± 312ab 

LMA-HV 6400 ± 343ab 10481 ± 362ab 10624 ± 331ab 7483 ± 309ab 

LM-LV 6188 ± 329b 11197 ± 375b 11142 ± 342b 7054 ± 322b 

LM-HV 5725 ± 329b 11492 ± 359b 11272 ± 333b 6851 ± 312b 

HM-LV 6292 ± 330ab 10907 ± 364b 10558 ± 333ab 7215 ± 312b 

HM-HV 6304 ± 330ab 11048 ± 362b 10927 ± 331b 7412 ± 310ab 
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In the male participants, all treatments improved the sensation of fullness. The 

mean AUC of LM-HV and HM-HV pectin-fortified beverages were significantly 

different from the mean AUC of the control beverage with no added fiber. For females, 

the test beverages also improved fullness scores but only the mean AUC of the LM-LV 

and LM-HV treatment were significantly different from the mean AUC of the control 

treatment.  

In the male participants, all treatments improved the feeling of satisfaction but 

only the mean AUC of LM-HV and HM-HV were significantly different when compared 

to the mean AUC of the control. For females, the test treatments also depressed hunger 

scores but only the mean AUC of the LM-HV treatment was significantly different from 

the mean AUC of the control treatment. 

 For the male participants, each pectin-fortified beverage decreased prospective 

food intake, however, only the mean AUC of HM-HV significantly differed from the 

mean AUC of the control beverage. For the females, the mean AUC of the LM-LV and 

LM-HV treatments were different from the mean AUC of the control. The mean AUC of 

LMA-LV and LM-LV treatments were also significantly different when compared.    
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Table 4-3: Baseline adjusted mean total AUC± SEM for each satiety parameters 
differentiated between females (F) and males (M). 

Different superscript letters (a,b,c) within a column for the female or male category 
indicates significant differences between means (p<0.05).  
1Covariates used in the model were evaluated at the following values: female 
baseline=78.40;male baseline=71.38; week=4.50 
2Covariates used in the model were evaluated at the following values: female 
baseline=9.58; male baseline=14.99; week=4.50 
3Covariates used in the model were evaluated at the following values: female 
baseline=11.62; male baseline=16.91; week=4.50 
4Covariates used in the model were evaluated at the following values: Female 
baseline=79.01; male baseline=79.53; week=4.50 

 Treatment 
Mean Total 

Hunger 1 
Mean Total 

Fullness2  
Mean Total 
Satisfaction3  

Mean Total 
Prospective Food 

Intake4 

F Control 6667 ± 320a 10338 ± 350a 10592 ± 307a 6886±412ac 

  LMA-LV 6346 ± 458ab 11001 ± 493ab 10781 ± 433ab 6552±404ac 

  LMA-HV 5723 ± 452ab 11238 ± 487ab 11366 ± 427ab 6552±404abc 

  LM-LV 4834 ± 547ab 13156 ± 577b 12789 ± 507ab 4900 ± 480b 

  LM-HV 4604 ± 524b 12658 ± 487b 12193 ± 428b 5341 ± 406bc 

  HM-LV 5248 ± 491ab 12154 ± 528ab 11791 ± 470ab 5847 ± 440abc 

  HM-HV 5761 ± 466ab 11351 ± 500ab 11220 ± 439ab 6601 ± 416abc 

M Control 8595 ± 313a 7621 ± 351a 7763 ± 344a 10400 ± 301a 

  LMA-LV 7424 ± 444a 9177 ± 501ab 9391 ± 488ab 9224 ± 427ab 

  LMA-HV 7541 ± 457a 9280 ± 510ab 9575 ± 498ab 8865 ± 426ab 

  LM-LV 7605 ± 464a 9151 ± 534ab 9391 ± 495ab 9509 ± 431ab 

  LM-HV 7289 ± 465a 9990 ± 505b 9900 ± 508b 9046 ± 439ab 

  HM-LV 7620 ± 458a 9412 ± 512ab 9241 ± 500ab 8840 ± 438ab 

  HM-HV 7063 ± 447a 10427 ± 501b 10416 ± 490b 8693 ± 426b 
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4.3.6 Effect of treatment week  

The mean total AUC for hunger for each week of the study generally decreased 

during the study (Figure 4-6, Table 4-4). Week 1 had a significantly larger mean AUC 

compared to the mean AUC at weeks 6 and 7. Week 2 had a significantly larger mean 

AUC compared to the mean AUC of week 7. 	  

The mean total AUC for fullness for each week increased from week 1 to week 8. 

Week 1 had a significantly smaller mean AUC compared to the mean AUC of weeks 6, 7, 

and 8. Week 2 had a significantly smaller mean AUC compared to the mean AUC of 

week 7.  

The mean total satisfaction AUC for each week of the study generally increased 

as the number of weeks increased. Week 1 had a significantly lower mean AUC than 

weeks 3,4,6,7 and 8. Week 2 had a significantly larger mean AUC than week 8.  

The mean total prospective food intake AUC for each week of the study generally 

lowered as the number of weeks increased. Week 1 had a significantly larger mean AUC 

compared to week 3,6,7 and 8. Week 2 had a significantly larger mean compared to 

weeks 7 and 8.   

 

 

 

 



58	  
	  

Table 4-4: Baseline adjusted mean total AUC± SEM compared for each week of study 
for all satiety parameters.  

Week 
Mean Total 

Hunger1 
Mean Total 

Fullness2 
Mean Total 
Satisfaction3 

Mean Total 
Prospective Food 

Intake4 

1 7581 ±  413a 9392 ± 434a 9060 ± 393a 9048 ± 380a 

2 7089 ±  368ab 9680 ± 394ab 9676 ± 360ab 8405 ± 322ab 

3 6418 ±  376abc 10954 ± 402abc 11022 ± 368bc 7026 ± 333bc 

4 6735 ±  371abc 10493 ± 399abc 10675 ± 363bc 7689 ± 325abc 

5 6300 ± 415 abc 10602 ± 444abc 10444 ± 406abc 7760 ± 368abc 

6 5463±   444bc 11496 ± 479b 11106 ± 433bc 6923 ± 387bc 

7 5474 ±  373bc 11496 ± 395bc 11149 ± 359bc 6536 ± 323bc 

8 6282 ±  364abc 11138 ± 388b 11287 ± 354bc 6596 ± 322bc 

Different superscript letters (a,b,c) within a column indicate significant difference 
between means (p<0.05).  
1Covariates appearing in model were evaluated at baseline=75.88. 
2Covariates appearing in model were evaluated at baseline=11.75. 
3Covariates appearing in model were evaluated at baseline=13.75. 
4Covariates appearing in model were evaluated at baseline =79.22.	  
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 Figure 4-6: Baseline adjusted mean total AUC± SEM compared for each week of study 
for satiety parameters 

	  

4.3.7 Comparison of Averaged High and Low Viscosity Treatments 

The mean total AUC of the various appetite sensations was classified into either a 

low-viscosity or high-viscosity category. These mean AUCs were then compared to each 

other and to the control. It was found that for all appetite sensations, low and high 

viscosity treatments were significantly different from the control. When the mean AUC 

of the pooled low and high viscosity treatments were compared, they did not differ 

significantly from each other for all appetite sensations (Figure 4-7).  
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4.3.8 Taste, Texture and Palatability 
	  
 Participants rated their enjoyment of each sample during their study sessions on a 

100 mm VAS scale. Participants rated their liking of the control and treatment beverages 

differently (Figure 4-8). For taste, texture and overall palatability, the participants 

preferred the control treatment.  

Figure 4-7: Baseline adjusted mean total hunger AUC± SEM compared for control, low, 
and high viscosity treatments for the satiety parameters. Different superscript letters 
(a,b,c,d) above each bar indicate significant difference between means (p<0.05).  

a 

a 

a 

a 

b b 

b b 

b 
b 

b b 
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The ratings of texture were significantly different for all treatments compared to 

the control. The texture ratings of LM-HV were significantly different from LMA-LV, 

LM-LV and HM-LV but were similar to LMA-HV and HM-HV. The texture ratings of 

LMA-HV and HM-HV were similar to LMA-LV, LM-LV and HM-LV.  

The control had significantly higher taste ratings for all treatments except LMA-

LV and LM-LV. LMA-LV and LM-LV had similar taste ratings to the taste ratings of the 

control, LMA-HV, LM-HV and HM-LV. The taste of HM-HV was significantly different 

from all treatments except LMA-HV, LM-HV and HM-LV.   

 The palatability of the control was rated significantly higher than all other 

treatments. LMA-LV, LMA-HV, LM-LV, HM-LV and HM-HV all had no significant 

differences in palatability. LM-HV had the lowest palatability and was only similar to 

Figure 4-8: Average rating of texture, taste and palatability as measured in mm by VAS 
scale. Different superscript letters (a,b,c,d) above each bar indicate significant difference 
between means for each liking parameter (p<0.05) 
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HM-HV and LMA-HV.  There were no significant correlations between taste, texture and 

palatability to the total Mean AUC for all satiety responses (Table 4-5).  

Table 4-5: Spearman correlations between satiety parameters and beverage liking 
categories 

Sensation 
Hunger 
AUC 

Fullness 
AUC 

Satisfaction 
AUC 

Prospective Intake 
AUC 

Texture -0.022 0.068 0.09 -0.016 

Taste -0.047 0.017 0.017 0.001 

Palatability 0.005 0.022 0.031 0.028 

 

 

4.3.9 Discomfort, cramps and overall gastrointestinal sensation 

Using a univariate ANOVA model, it was determined that pectin-fortified 

beverage ratings of discomfort, level of stomach cramping, and overall gastrointestinal 

sensation did not differ from the average ratings of the control beverage with no added 

fiber (Table 4-6).  

Table 4-6: Spearman correlations between gastrointestinal sensations and apparent 
viscosities. 

Gastrointestinal Sensations Discomfort Cramps Overall Comfort 

Apparent Viscosity (Pa•s) 50s-1 0.1802 0.178 0.4112 

Apparent Viscosity (Pa•s) at 10 s-1 -0.07958 0.1017 0.1393 
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4.4 Correlations between in vitro digested apparent viscosity and human 
clinical trial results 

 In order to determine if there was a relationship between apparent viscosity at 

shear rates of 10 and 50 s-1 and satiety sensations, a nonparametric procedure, the 

Spearman’s rank order correlation coefficient, was performed. The use of a 

nonparametric test was justified as the data violated the assumption of normality. The 

Spearman’s rho revealed a statistically significant positive relationship between the 

apparent viscosity at a shear rate of 50 s-1 and the total mean AUC of fullness and 

satisfaction. Squaring the correlation coefficient indicated that only 17% and 25% of 

variance in the total mean AUC was explained by apparent viscosity, respectively. 

Apparent viscosity was negatively correlated to total mean AUC of hunger and 

prospective food intake, but was not significant at either shear rate analyzed. 

Additionally, there was no significant correlation between apparent viscosity and total 

mean AUC of fullness and satiety at a shear rate of 10 s-1.    

Table 4-7: Spearman Correlations between apparent viscosity at 10 and 50 s-1 and total 
mean AUC for satiety parameters.  

Sensation Apparent Viscosity (Pa•s) at 
10s-1 

Apparent Viscosity (Pa•s) at 
50s-1 

AUC Hunger -0.245 -0.357 

AUC Satisfaction 0.197 0.496* 

AUC Fullness 0.186 0.413* 

AUC Prospective 
Intake -0.245 -0.357 

* Indicates statistical significance (p<0.05)  
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5.0 Discussion  

There has been much debate about the importance of the viscosity of fiber in the 

induction of satiety (Kristensen and Jensen, 2010). Many studies have shown that more 

viscous fibers induce greater satiety than less viscous fibers (Marciani et al., 2001; 

Mattes et al., 2001; Wanders et al., 2012; Slavin and Green, 2007). However, other 

studies have reported no effect, or an inverse relationship between fiber viscosity and 

satiety (Peters et al., 2009; Juvonen et al., 2009). In most studies, however, the 

rheological characterization of the studied fiber is not reported. The majority of studies 

do not report apparent viscosity even at a single shear rate (Fiszman and Varela, 2013). 

This is a major gap. In a few more recent studies, apparent viscosity values before 

ingestion, the oral phase and gastric phase  have been reported (Jensen et al., 2012; 

Wanders et al., 2013). There have also been a few studies which use in vitro models to 

determine the effects of fiber viscosity on simulated gastric and small intestinal digesta, 

but these studies do not investigate the relationship between the physico-chemical 

properties to results from human clinical trials (Bordoloi et al., 2012; Dikeman et al., 

2006; Maisonnier et al., 2001) The present study characterized all fibers in question at 

two shear rates over the various stages of a novel three-hour in vitro gastrointestinal 

digestion method.  The changes in viscosities of pectin fiber during gastrointestinal 

digestion can be related to their structure, specifically the amount of methoxyl esters and 

amide groups on the polymer. These characteristics of pectin allow for diverse 

interactions that include hydrogen bonding, hydrophobic interactions, polyelectrolytic 

behavior, and specific ion interactions.  Correlations between pectin structure, the 
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apparent viscosities induced during simulated digestion and satiety sensations in a human 

clinical trial were enabled in the present study.   

5.1 Effect of in vitro gastrointestinal digestion on apparent viscosities of 

pectin 

Pectin is a hydrocolloid that, when mixed with water, will hydrate and form a 

viscous solution. Dilute pectin solutions are Newtonian in nature, but they become non-

Newtonian at moderate concentrations and exhibit pseudoplastic characteristics. The 

findings of this study agree with the literature in that the typical behavior of a semi-dilute 

pectin solution is pseudoplastic. The pectin chains aligned themselves in the presence of 

shear. This reduces the amount of stress necessary to initiate flow at a given shear rate, 

thus reducing viscosity (Holdsworth, 1971). Moreover, higher shear rates lead to a 

breakdown of intermolecular junctions, resulting in a decline in the apparent viscosity. 

For all types of pectin, the viscosity of the pectin solutions increased with increasing 

concentration. This is possibly due to more chain entanglement or more chain 

associations. The distribution of hydrophilic and hydrophobic groups on the molecule 

determine the solubility properties. Pectin becomes more soluble with increasing the 

methoxy-ester groups, however the solubility is affected by increased steric interactions 

and the presence of charged groups. A discrepancy in the data was the degree of 

pseudoplasticity demonstrated by the control sample. This may be attributed to the pulp 

still present in the beverage and the solids content. The orange juice was not strained to 

remove all pulp.  
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All solutions experienced a large decrease in apparent viscosity after the intestinal 

phase. It has been documented that gastric and intestinal enzymes do not degrade pectin 

during digestion, thus dilution effects during the in vitro digestion process can partly 

explain the large drop in apparent viscosity observed  (Saito et al., 2005).  Pectin is also 

sensitive to changes in pH. At extremes of pH, pectin can be deesterified and 

depolymerized. Deesterification occurs via ester hydrolysis and occurs mostly at the L-

rhamnopyranosyl glycosidic bonds. Neutral side chains are also hydrolyzed. Above a pH 

value of 4.5, pectin chains are cleaved by β-elimination depolymerization reactions at 

esterified monosaccharide units. At higher pH values, saponification occurs (Cho and 

Samuels, 2010). Elevated temperatures increase the rate of degradation.   

During the different phases of the gastrointestinal digestion, all of the pectin-

fortified beverages demonstrated different rheologic behavior. In the in vitro digestion 

system, the pH, temperature, ions present in solution, etc., strongly impacted 

functionality in complex ways as the result of diverse mechanisms of molecular 

interaction (Smit and Bryant 1968; Gilsenan et al., 2000). The differences can be 

attributed to the variability of substituents (methyl-esters or amide groups) and of the 

charge distribution along the galacturonan backbone. The number of charges is 

determined by the degree of esterification (DE) and degree of amidation (DA) and 

imparts different physical properties (Lofgren et al., 2005). In solution, the charges 

within the polymer chain keep the chains in an extended conformation via coulombic 

repulsion (May, 1990).  The low pH used in the gastric phase would reduce the charge 

repulsions on the molecule, causing them to form associations, the strength would depend 

on the DE. DE would also dictate the stability the pectin molecule at high temperatures. 
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HM pectin has a high DE, thus a low overall charge, while LM pectin has a low DE and 

high overall charge (Sperber et al., 2009).  

5.1.1 In vitro HM Pectin Digestion 

 The high methoxyl pectin did not gel, as this type of pectin requires a total soluble 

solids concentration of above 55% (May, 1990; Sundar et al., 2012). The amount of TSS 

in the test orange juice was 11%. HM pectin also does not contain adequate charged 

carboxylic groups to gel or precipitate with calcium, even when the pH is lowered. The 

apparent viscosity at 10 s-1 and 50 s-1 of HM pectin solutions at both high and low 

concentrations decreased following each step in the in vitro digestion process.  The 

degradation is due to the hyrdolysis of glycosidic linkages in addition to neutral sugars as 

the pH is lowered and temperature is increased.  At low pH, de-esterification reactions 

are also favored. High methoxyl pectin is also known to rapidly degrade at pH values 

greater than 5 (Cheng and Lim, 2004). As the pH increases during the intestinal phase, β-

elimination polymerization becomes the dominant reaction, which results in chain 

cleavage and a rapid decrease in viscosity. The β-elimination mechanism causes a 

decrease in the molecular weight of pectin. HM pectin degrades more rapidly than LM 

and LMA pectin because it has more methyl ester groups that can be cleaved (Rolin, 

1993; Krall and McFeeters, 1998). HM pectin retained the highest in vitro intestinal 

apparent viscosity, in most cases. The reason may be that 5 and 10 g were incorporated 

into the beverage versus 3 and 6 g of the other pectins.  
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5.1.2 In vitro LM pectin digestion 

In this study, there was not sufficient calcium present in the beverage and 

breakfast sandwich to induce gelation, as low methoxyl pectin requires 15 mg Ca2+/g 

pectin to gel (Silvateam, 2013).  However, the gelation of non-amidated low methoxyl 

pectin at low pH has been reported. The reduction in pH reduces the electrostatic 

repulsion between the pectin chains, which induces aggregation and hydrogen bonding by 

protonated carboxyl groups (Gilsenan et al., 2000). The LM gel at approximately pH 3 

has been described as sparse and aggregated. Even above a pH of 3.5 and in the absence 

of Ca2+, low methoxyl pectins can associate spontaneously and form weak gels when the 

concentration is sufficiently high. Additionally, pectin becomes insensitive to Ca2+ at 

very low pHs because the reduction in charge density decreases the affinity of pectin for 

Ca2+. High temperatures favor these pectin associations but the weak gels are easily 

broken by shear (Lootens et al., 2003). In the present study, at a shear rate of 10 s-1, the 

low and high concentration of low methoxyl pectin increased their apparent viscosity 

during the gastric phase of digestion. At 50 s-1, low and high concentration of low 

methoxyl pectin were able to better retain their apparent viscosity over the course of 

digestion than the high methoxyl pectin or control treatment. Thus, the weak gels that 

may be forming at a low shear rate may be broken at a higher rate of shear. This may 

explain why, at 50 s-1, the apparent viscosity was lower during the gastric phase than at 

10 s-1. The associations were being disrupted at the higher shear rate. Low methoxyl 

pectins demonstrate better stability in the acid/alkaline conditions because they do not 

have as high a degree of esterification (Rolin, 1993). At alkaline pHs, deesterification 
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occurs for the low methoxyl pectin as well, but not as rapidly as with the high methoxyl 

pectin.  

5.1.3 In vitro LMA pectin digestion 

Amidating low methoxyl pectin alters its rheology and calcium reactivity. The 

added amide groups can interfere with gelation, reducing the gelation kinetics (Capel et 

al., 2006). However, there was no evidence of gelation in the present study. Also, as with 

LM pectin, when the pH is lowered to 2.0, affinity for Ca2+ is lost. However, the 

reduction in charge density promotes hydrogen bonding between amide and carboxyl 

groups and the formation of associations. In this study, at 10 s-1, the apparent viscosity of 

low viscosity LMA pectin is lower during the gastric phase of digestion than at 50 s-1. At 

a higher rate of shear, the resistance to flow may be more noticeable. The apparent 

viscosity at 50 s-1 of LMA-HV is significantly higher during the gastric phases than the 

pre-digestion phase. At the low-viscosity concentration at 50 s-1, the increase in apparent 

viscosity for LMA treatment is not observed during the gastric phases. This could be a 

result of insufficient intra-chain bonding to form a network. At the lower shear rate of 10 

s-1, the apparent viscosity of LMA-HV and LMA-LV during the gastric phases are 

significantly lower than LM-HV and LM-LV. This trend may be the result of LMA 

pectin having less charge than LM. The LM pectin may also have formed a gel, whereas 

the LMA pectin did not.  

5.2 Effect of Pectin on in vivo Satiety  

 Satiation and satiety are terms used to describe the sensations that lead to meal 

termination and inhibition of the desire to eat between meals. Both feelings are regulated 
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by a multiplicity of peripheral nervous, central nervous and environmental signals. There 

is no one straightforward question to assess satiety, thus a multi-question VAS is 

commonly used to measure feelings of satiety. This study determined satiety based on 

VAS questions about hunger, fullness, satisfaction and prospective food intake. The 

within-participant validity of satiety measurements was also confirmed using two 

controls. The findings in this study suggest that ,while all pectin-fortified beverages 

induced sensations of satiety, not all pectin fibers influenced satiety equally. It was also 

found that men and women were affected differently by fiber, that there is a study-week 

effect, and that the fiber dose did not impact satiety significantly. As for the specific 

treatment of fibers, the low methoxyl pectin fortified beverage was consistently more 

satiating compared to the control, while the high methoxyl pectin fortified beverage 

exhibited satiating effects for the majority of the questions asked compared to the control. 

The low methoxyl amidated pectin fortified beverage did not have any significant 

impacts on sensations of satiety when compared to the control.  

The findings of this study are in accordance with the body of literature affirming 

the concept of pectin fiber as having the ability to increase satiety. However, other 

previous studies incorporating pectin fiber did not find any effects on satiety ratings, only 

ad libitum energy intake. Between-study comparisons are very difficult to make. Many 

studies using pectin use different types of pectin, different doses, food matrices, types of 

participants and study designs.  
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5.2.1 Possible Satiety Inducing Mechanisms 

 The different types of pectin fiber could have impacted satiety in different ways, 

as mentioned in the literature review. In the case of specific pectin types, the LM pectin 

could have induced physical gastric satiety in the short-term and impacted nutrient 

absorption in the small intestine in the longer term, while HM pectin could have 

influenced the nutrient absorption in the longer term.   

5.2.2  HM Pectin 

 The high methoxyl pectin fortified beverage significantly increased fullness at 

both the high and low concentrations, improving satisfaction at the high concentration 

and decreasing prospective food intake at the low concentration, compared to the control 

beverage with no fiber. The less uniform results of the HM pectin still support the work 

of Tiwary et al., (1997) in which HM pectin doses as low as 5 g incorporated into orange 

juice were found to improve satiety. Gastric viscosity may not have played an important 

role in increasing the sensation of satiety in this case, based on the in vitro study 

observations. HM pectin did not have the highest apparent gastric viscosity out of the 

three treatments at either shear rate during the gastric phase but retained the highest 

intestinal apparent viscosity. This could explain why HM pectin did not affect short-term 

sensation of hunger, but had a significant influence on the VAS scales that could pertain 

to satiety in the longer term. Perhaps the HM pectin increased the unstirred water layer 

and slowed nutrient diffusion across the intestinal lumen. The participants also ingested 

more HM pectin (5-10 g) than LM (3-6 g) or LMA (3-6 g) pectin, which could affect 

satiety ratings.   
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5.2.3 LM Pectin 

 In this study, consumption of the low methoxyl pectin fortified beverage at low 

and high concentrations were associated with participants reporting feeling less hungry, 

more full, more satisfied and less inclined to consume more food than following the 

control beverage with no added fiber. These findings agree with another study that 

investigated the satiating effects of 10 g of LM pectin (DE=10) incorporated into 

pudding. Wanders et al. (2013) found that pectin, overall, increased sensations of satiety. 

The mechanisms as to why LM pectin was more consistently satiating could relate to 

gastric viscosity. At a shear rate of 10 s-1, both the low and high viscosity treatments 

drastically increased in their apparent gastric viscosity for the two-hour gastric digestion 

phase. The LM pectin may also have been forming a weak gel that was broken at high 

shear. However, this alone does not explain the full relationship to satiety. During the 

final intestinal phase of digestion, the LM pectin did not retain the highest apparent 

viscosity. The mechanism of LM pectin may therefore be related to effects on nutrient 

absorption in the small intestine. Negatively charged polymers, such as low methoxyl 

pectin, may bind divalent ions, reducing the uptake of nutrients by the human body. 

Pectin has the ability to bind or form complexes with charged macromolecules. As a 

result, the release of hormonal and neural signals could be delayed (Jenkins et al., 2004). 

Low methoxyl pectin would have the highest charge density out of the three pectin types 

used and would thus have the greatest ion binding capacity. Previous studies have also 

found LM pectin to be satiating, but only compared to a no-fiber added control 

counterpart (Wanders et al., 2013a, Perrigue et al., 2010).   
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5.2.4 LMA Pectin  

 Satiety sensations were increased after ingesting LMA pectin fortified beverages, 

but did not differ significantly from the control beverage. However, these findings still 

support a positive correlation between added fiber and increased satiety and agree with 

the findings from previous work done by Noble and Le Douaron (2010). The apparent 

viscosity of LMA pectin was either not significantly different or larger than the other two 

fiber fortified treatments throughout the in vitro digestion. This fiber may have not 

formed a gel at the same strength or as quickly as LM pectin. By amidating pectin, some 

of the methyl-ester groups are converted to amide groups. These amide groups reduce the 

rate of gelation because they introduces positive charges along the polymer chain (Strom, 

2006). The positive charges may also have interfered with nutrient binding in the small 

intestine, thus more nutrients may have been absorbed when LMA pectin was ingested 

compared to the other two types of pectin. Additionally, the viscosity of the unstirred 

water layer in the intestine may not have been increased enough to reduce the absorption 

of nutrients or reduce the enzyme contact with the food.  

5.3 Correlation between apparent viscosity and satiety 

 This study did not reveal a strong correlation between digestate apparent viscosity 

and total mean AUC subjective satiety ratings. However, this is not to say that there is no 

relationship between viscosity and satiety, only that satiety cannot be explained in full by 

viscosity alone. Other factors such as increasing the unstirred water layer and thereby 

delaying the absorption of nutrients in the small intestine and or/reducing the enzymatic 

contact with the nutrients may also play an important role. The satiating effects of HM 
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and LMA pectin are indications that viscosity may not be necessary for satiety. It may 

also be an indication that gastric viscosity may not be as large a contributor to overall 

satiety as compared to the small intestinal viscosity.  

5.4 Difference in Female and Male Responses 

 The findings in this study reveal that the pectin fiber treatments influence feelings 

of satiety for females and males differently. Female sensations of satiety were 

consistently influenced by the LM-HV and LM-LV fortified beverages significantly 

compared to the control. In contrast, men more frequently found the HM-HV fortified 

beverage, in addition to LM-HV fortified beverage, significantly satiating compared to 

the control, but not the LM-LV fortified beverage. The differences in perception may 

stem from physiological variations in the digestive systems between females and males. 

Females secrete less stomach acid than men, and a female stomach empties more slowly 

compared to males (Teff, 2001). Hormones may also have a more profound effect on the 

digestion of women (Teff, 2001). Males in the present study were also more hungry, less 

full, less satisfied and had a higher prospective intake than females. No fiber-added 

treatment significantly reduced male satiety. It is well documented that males, with larger 

body weight etc, have a higher metabolism than females (Chatterjea, 2004). Also, men 

require more kcal/day than women. The sandwich would have provided different 

percentages of kcal/day for men and women, leaving the men hungrier (Health Canada, 

2011).    
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5.5 Week Effect  

During the study, it was determined that the total mean AUC was significantly 

affected by the week of study. Generally speaking, it seemed that over the 8-week study 

period for all participants, hunger decreased, fullness increased, satisfaction increased 

and prospective food intake decreased. The reason for this trend is unclear. Participants 

could have been influenced by sensory specific satiety, that is, the enjoyment of eating 

the test beverage and breakfast diminished as the study progressed. This may not be the 

most likely scenario, as each test session was separated by a standard one-week washout 

period (Blundell et al., 2010). Participants may also have experienced boredom with the 

study protocol. Environmental factors may have played a role, as the outdoor temperature 

increased from May through August. However, the participants were confined to air-

conditioned rooms during the testing sessions. Physiologically, the participants may have 

been acclimating to the amount of fiber or volume of food that was being served each 

week.  

5.6 Dose response relationship 

 Some studies suggest that fiber dose may influence satiety. Burley et al., (1987) 

reported a significant difference in fullness after comparing the effects of 12 g or 3 g of 

ingested fiber. Another study examined the effects of 8 g versus 4 g of fenugreek fiber. In 

that study, with 8 g there was a reduction in hunger and prospective food intake versus 

the control, while no effect was reported at the 4 g dose (Mathern et al., 2009). In 

contrast, Willis et al., (2010) conducted a study using 0, 4, 8 or 12 g mixed fiber, but 

found that appetite ratings did not follow a dose-dependent trend. Lyly et al., (2010) also 
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found different fiber amounts in beverages did not detect a dose-dependent satiety 

response between 5 g and 10 g of oat beta-glucans. In this study, the low viscosity 

treatments (3 -5 g) and the high viscosity treatments (6 -10 g) did not have significantly 

different total mean AUC for hunger, fullness, satisfaction or prospective intake. Thus, in 

this study, no dose-dependent relationship to satiety was detected.    

5.7 Beverage Liking 

Palatability can interfere with responses in appetite sensation (Erlanson-

Albertsson, 2005). In the present study, participants rated the texture, taste and 

palatability of the pectin-fortified beverages. There were clear differences in the ratings. 

The more viscous beverages had lower liking ratings of texture, taste and palatability. 

The LM-HV pectin fortified beverage had the lowest hedonic ratings, but was still one of 

the most satiating beverages overall. However, a Spearman correlation revealed there was 

no significant correlation to liking of the beverage and satiety.  

5.8 Adverse Effect on Gastrointestinal Sensations 

 Previous research using soluble fiber supplementation has shown some adverse 

gastrointestinal sensation (Bonnema, et al., 2010; Pittler and Ernst, 2001). However, in 

this study there was no significance differences between ratings of discomfort, cramps or 

overall gastric sensation between the control and fiber treatments of participants after the 

three-hour testing period.    
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6.0 Conclusions 

The in vitro viscosity of HM, LM and LMA pectin fortified orange juice 

beverages at two concentrations and subsequent satiety in human participants were 

evaluated for possible correlations. It was determined that, generally, apparent digestate 

viscosity did not correlate with concomitant feelings of satiety in human participants. 

This study suggests that physicochemical properties of different pectin types influence 

satiety response.  

The present study demonstrated that HM, LM, LMA pectin fortified orange juice 

beverages all experienced significant viscosity reductions after exposure to the conditions 

of a novel in vitro digestion model. Thus, apparent viscosity of pectin fiber is greatly 

affected by conditions present in the gastrointestinal tract. The changes in pH and 

dilutions generated extensive reductions in all pectin fiber treatments. Furthermore, the 

extent of those declines was influenced by the physicochemical properties inherent to 

each of the fibres. Depending on the type of pectin studied, the changes in the observed 

effects on apparent solution viscosity varied. HM pectin had the greatest decline in 

gastric viscosity, but retained the highest intestinal viscosity for the most part. The 

viscosity of LM pectin either increased or decreased by approximately 50% during the 

gastric phase, then was greatly reduced after the intestinal digestion. Overall, the 

viscosity of LMA pectin decreased over the course of the digestion, but not as greatly as 

HM pectin. The differences among the pectin fibers could be related to differences in the 

charge density of the different molecules.  
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During the clinical trial to assess satiety, LM pectin fortified treatments induced 

satiety at high and low concentrations compared to the control. HM pectin treatments had 

an effect on satiety intermittently at both concentrations, and LMA pectin treatments had 

no significant effects compared to the control beverage. It was also determined fiber 

types affect men and women differently. Study week also had an effect on satiety and 

there was no dose-dependent response relationship observed.  

The task of developing products with novel functional ingredients to reduce 

obesity is challenging. By facilitating the screening of novel ingredients using in vitro 

methods, product development and formulation will be hastened. More studies should 

include in vitro viscosity data to build an understanding of how physicochemical 

properties affect changes in apparent viscosity in order to be able to quickly screen novel 

satiating ingredients. The relationship between in vitro viscosity and human satiety was 

clarified in the present study, which will contribute to new dietary strategies. From the 

results of the present study, low viscosity LM pectin can be recommended for use in 

products aimed to improve the satiating capacity of consumer products with the goal of 

managing weight.  

7.0 Study strengths and limitations 

 Currently, there is a large knowledge gap between the relationship of in vitro fiber 

viscosity to in vivo satiety. This study addressed the knowledge gap by including both an 

in vitro and in vivo portion. The human study participants also served as their own 

controls to minimize variation. In addition, two replicates of the control beverage were 

included to assure reproducibility of the results. Other strengths include the use of three 



79	  
	  

different types of pectin in order to focus on the differences in physicochemical 

properties and their impact on satiety. The present study also reported apparent viscosity 

at two different shear rates in order to facilitate comparisons to other studies. Equating 

the viscosities at high and low concentrations was also a significant strength in this study. 

By matching the viscosities, the changes in apparent viscosities after exposure to the in 

vitro digestion and differences in satiety ratings after ingestion by participants could not 

be attributed to differences in viscosity beforehand. 

A possible limitation of the present study is that it did not examine the effect of 

the pectin fortified beverages on ad libitum energy intake. Instead, the question of “How 

much do you think you can eat?” was used to assess prospective food intake. Two studies 

have determined that VAS reported appetite sensations are useful predictors of energy 

intake (Parker et al., 2004; Drapeau et al., 2007). Additionally, biomarkers such as 

glucose and hormone levels were not measured in vivo, based on cost and logistical 

considerations.. Moreover, few studies have reported the significant influence of fiber on 

gut hormone levels and the relationship between fiber and biomarkers of satiety are 

unclear (Klosterburg, 2011). The gastric emptying rate was also not measured, although it 

is also not always associated with satiety (Wander et al., 2013). Another limitation is this 

study only observed the acute satiety inducing response of pectin fiber. Benelam (2009) 

asserts that it is not clear if short-term satiating effects can be extrapolated to the long-

term. In our study, a week effect was reported, which indicated participant’s levels of 

satiety were changing as the study progressed. Perhaps if the study had continued for 

longer, the effect of the fiber treatments would have been insignificant.  
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Although the study was double-blinded, based on the significant difference of 

liking ratings of the beverages, it seems participants were able to discern the differences 

in viscosity. This could influence their satiety ratings via differences in expected satiety. 

One study illustrated the relationship between viscosity and expected satiety of beverages 

fortified with tara gum. Participants were able to discern the difference in viscosity of the 

drinks, and rated thicker drinks as giving a greater expected satiety, regardless of energy 

content (McCrickerd et al., 2012). The expectations produced by a greater oral and 

anticipated gastric viscosity have been shown to influence subjective appetite. Thus, there 

may have been the potential for satiety-relevant expectations to influence the post-

ingestive development of satiety sensations. The present study aimed to minimize these 

effects by matching the viscosity of the high and low pectin fortified beverages. Thus, the 

only discernable difference in the beverages would have been between the control, low 

and high treatments, but not amongst the low and high treatments themselves.  

Other limitations of the study are associated with the challenges in mimicking the 

human digestive system in vitro. In vitro methods are unable to account for the secretion 

of fluids/mucous in the stomach and small intestine, which makes it difficult to predict 

the potential viscosity the fiber could develop (Dikeman et al., 2006). Motility patterns 

that are important in digestion are also difficult to mimic in a laboratory setting. The error 

in the viscosity measurements could be explained by potentially large difference existing 

between pectin composition. Depending on source, processing and condition of 

extraction, differences could exist between molecules within a sample (Sundar et al., 

2012). Another factor which may have impacted viscosity measurements is the solubility 

of pectin powder. Dry, powdered pectin also has a tendency to rapidly hydrate, forming 
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clumps and further hydration and solubilisation of such clumps is very slow 

(Sriamornsak, 2001).  

Another limitation to be addressed is the difficulty in placing this research in the 

context of previous studies. Comparing reported viscosities is difficult, if not impossible 

to previous literature. The viscosity at a variety of shear rates is reported, ranging from 10 

s-1 to 100 s-1, depending on the study. Sometimes the apparent viscosity is reported, other 

times the average viscosity is reported. The protocol with which to measure viscosity also 

varies from study to study. The measurement conditions such as the truncation gap, 

geometry, testing temperature, etc. are not consistent across studies. Additionally, the in 

vitro methods, and solvent used to dissolve the specific fibers are completely different in 

each study. Some studies gel their fibers and measure gel strength instead of reporting the 

gastric viscosity. There is also difficulty in comparing the results of human trials. 

Different food matrices, doses, study conditions and participant characteristics limit the 

overall conclusions which can be drawn for fiber. Hence, a more unified approach of 

reporting the viscosity of investigated fibers and human clinical trials is required if any 

comparisons are to be made between fibers used in different studies and any relevant 

conclusions drawn about the rheological behavior of the fibers during human digestion.   

8.0 Future directions 

The results of this study reaffirmed that fiber has a satiety inducing effect. 

However, the exact physiological mechanisms involved are  unknown. Future research 

should further investigate the mechanisms of fiber effects on the absorption of nutrients 

and enzyme functionality in the small intestine. The overall health benefits of pectin are 
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related to viscosity achieved in the small intestine, lowering enzymatic efficacy and 

binding capabilities. Perhaps there could be a common mechanism underlying each 

physiologic response related to the structure of the pectic molecule. Additionally, a more 

standardized in vitro approach is needed to facilitate comparisons between studies. 

Finally, clinical trials can focus on the long term effects of pectin fiber and assess ad 

libitum energy intake in addition to examining the efficacy of the fiber treatments in 

obese participants. The relationship between concurrent clinical and in vitro trials need to 

be research. Biomarkers of satiety and satiation such as insulin, hormones and SCFA 

production could also be incorporated for future use as standards to test novel ingredients. 	  
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Appendix B: Phone or Email Screening Questionnaire 

	  

Thank	  you	  very	  much	  for	  inquiring	  about	  our	  study	  involving	  fiber	  and	  satiety.	  We	  have	  a	  few	  
initial	  questions	  to	  assess	  your	  basic	  eligibility	  to	  participate	  in	  the	  study.	  Please	  answer	  as	  

honestly	  and	  accurately	  as	  possible.	  We	  appreciate	  your	  time.	  

1. Will	  you	  be	  able	  to	  commit	  to	  7	  individual	  study	  sessions	  that	  are	  each	  3	  hours	  in	  length	  for	  one	  
morning	  a	  week	  (They	  are	  not	  consecutive	  days)?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  	  NO	  

2. What	  is	  your	  date	  of	  birth	  (mm/dd/yyyy)?	  ________________	  
3. Can	  you	  estimate	  your	  weight:	  ____________	  
4. 	  What	  is	  your	  height?	  ______________	  
5. 	  How	  would	  you	  describe	  your	  overall	  health?	  POOR	  	  	  	  GOOD	  	  	  	  VERY	  GOOD	  	  	  	  EXCELLENT	  
6. Do	  you	  smoke?	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  NO	  
7. 	  Have	  you	  been	  diagnosed	  with	  Irritable	  Bowel	  Syndrome,	  Crohn’s	  Disease,	  Ulcerative	  colitis,	  ulcers	  

or	  other	  digestive	  diseases?	  	  	  	  	  YES	  	  	  	  	  	  	  NO	  
a. If	  YES,	  what	  are	  they?	  

________________________________________	  
8. 	  Are	  you	  taking	  any	  medications,	  including	  natural	  health	  products?	  	  	  	  	  YES	  	  	  	  	  	  NO	  
9. 	  Are	  you	  currently	  pregnant	  or	  breastfeeding?	  	  	  	  YES	  	  	  	  	  	  	  	  NO	  	  	  	  	  	  	  N/A	  
10. 	  Do	  you	  have	  any	  medical	  conditions?	  	  	  YES	  	  	  	  NO	  

a. If	  YES,	  what	  are	  they?	  
__________________________________________________
_______________________	  

11. 9.	  Does	  your	  daily	  fiber	  consumption	  generally	  exceed	  7	  g/day?	  	  	  	  YES	  	  	  	  	  NO	  	  	  	  I’M	  NOT	  SURE	  
12. 10.	  Do	  you	  normally	  wakeup	  between	  the	  hours	  of	  7:00-‐9:30	  a.m.	  on	  weekdays	  and	  consume	  

breakfast	  regularly?	  	  	  	  	  	  	  YES	  	  	  	  	  NO	  
13. 11.	  Have	  you	  lost	  or	  gained	  10	  lbs	  or	  more	  in	  the	  last	  two	  months?	  	  	  	  	  	  YES	  	  	  	  	  	  NO	  
14. Do	  you	  exercise	  more	  than	  1	  hour	  per	  day?	  	  	  	  	  	  	  	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  	  	  	  	  	  NO	  
15. Do	  you	  have	  any	  known	  food	  allergies,	  including	  lactose	  intolerance,	  celiac,	  etc?	  	  	  YES	  	  	  	  	  	  	  NO	  

a. If	  YES,	  can	  you	  please	  list	  them?	  
16. Do	  you	  have	  any	  life-‐threatening	  reactions	  to	  any	  environmental	  or	  food	  allergies?	  	  	  	  YES	  	  	  	  	  	  	  NO	  

i. If	  YES,	  what	  are	  they?	  __________________________________	  
17. Would	  you	  be	  averse	  to	  eating	  a	  Tim	  Hortons’	  ham	  breakfast	  sandwich	  and	  a	  glass	  of	  Tropicana:	  

No	  Pulp	  orange	  juice	  during	  the	  study	  sessions?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  	  	  	  	  	  NO	  
	  

	  

Thank	  you	  for	  answering	  our	  questions,	  one	  of	  the	  study	  coordinators	  will	  be	  in	  touch	  shortly	  to	  let	  you	  
know	  if	  you	  meet	  the	  initial	  requirements	  and	  if	  so,	  schedule	  you	  for	  a	  in	  person	  screening	  visit.	  	  
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Appendix C: In Person Screening Documents 

Initial	  Eligibility	  Screening	  Questionnaire	  

Study:	  Correlating	  the	  structure	  and	  viscosities	  of	  different	  pectin	  fibers	  to	  in	  vivo	  
human	  satiety	  and	  in	  vitro	  gastric	  digestion	  viscosities	  using	  a	  novel	  in	  vitro	  

gastric	  digestion	  method.	  

Initials	  of	  Potential	  Participant:	  ___________________________	  ____	  	  Sex:	  	  	  	  	  M	  	  	  	  	  	  	  F	  

Phone:	   home:	  ______________	  work:	  _____________	  email:	  ___________________	  Best	  
way	  to	  communicate:	  ____________	  Date	  of	  Birth:	  _____________(dd/mm/yyyy)	  

Thank	  you	  very	  much	  for	  your	  interest	  in	  this	  study.	  The	  purpose	  of	  this	  questionnaire	  is	  to	  
gather	  more	  information	  about	  you	  as	  a	  potential	  participant	  in	  this	  study.	  Please	  feel	  free	  to	  
not	  answer	  any	  questions	  you	  are	  uncomfortable	  with	  answering.	  Please	  feel	  free	  to	  ask	  the	  
study	  coordinator	  any	  questions	  you	  might	  have.	  Some	  of	  the	  questions	  may	  be	  repeated	  from	  
the	  previous	  screening	  questionnaire.	  	  

Health-‐Related	  Questions:	  

1.	  How	  would	  you	  describe	  your	  general	  health?	  

	  	  	  	  	  	  	  	  	  	  	  	  POOR	   	  	  	  	  	  	  	  	  GOOD	  	  	  	  	  	  	  	  	  	  	  VERY	  GOOD	  	  	  	  	  	  	  	  EXCELLENT	  

2.	  Do	  you	  currently	  smoke?	  	  	  	  	  	  	  	  YES	  	  	  	  	  NO	  

3.	  Are	  you	  currently	  pregnant	  or	  breastfeeding?	  	  	  	  YES	  	  	  	  	  	  	  	  NO	  	  	  	  	  	  	  N/A	  

4.	  Do	  you	  have	  any	  medical	  conditions?	  	  	  YES	  	  	  	  NO	  

a.	   If	  YES,	  what	  are	  they?	  
_____________________________________________________________________________	  

5.	  Are	  you	  taking	  any	  medications,	  including	  natural	  health	  products?	  	  	  	  	  YES	  	  	  	  	  	  NO	  

a.	   If	  YES,	  what	  are	  they?	  _______________________________________________	  

6.	  To	  better	  understand	  your	  overall	  health,	  are	  there	  any	  mental	  or	  physical	  health	  issues	  we	  
should	  be	  aware	  of	  that	  would	  affect	  your	  appetite	  (diagnosed	  depression,	  anxiety,	  thyroid	  
issues)?	  	  	  	  YES	  	  	  	  	  	  NO	  

a.	   If	  YES,	  please	  expand	  ______________________________	  

Life-‐Style	  Related	  Questions:	  

7.	  Are	  you	  in	  the	  process	  of	  gaining	  or	  losing	  weight?	   YES	  	  	  	  	  NO	  

8.	  In	  terms	  of	  your	  body	  weight,	  have	  you	  gained	  or	  lost	  5	  Kg/11	  lbs	  in	  the	  last	  2	  months?	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  
NO	  	  
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9.	  Would	  you	  be	  comfortable	  with	  maintaining	  your	  body	  weight	  for	  the	  

duration	  of	  this	  study?	   YES	   	  	  	  	  	  	  	  	  NO	  

10.	  Do	  you	  avoid	  consuming	  foods	  with	  dietary	  fiber?	   	  	  YES	   NO	  	  

11.	  Also	  in	  relation	  to	  dietary	  fiber	  intake,	  can	  you	  write	  down	  how	  many	  servings	  combined	  of	  
fruits,	  vegetables	  and	  whole	  grains	  you	  eat	  on	  a	  daily	  basis?	  	  	  	  _________________.	  	  

12.	  Are	  you	  averse	  to	  eating	  a	  breakfast	  sandwich	  containing	  ham,	  English	  muffins,	  cheese	  and	  
eggs	  and/or	  orange	  juice	  containing	  no	  pulp?	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  NO	  

13.	  This	  study	  requires	  morning	  visits,	  do	  you	  normally	  wakeup	  and	  eat	  breakfast	  between	  the	  
hours	  of	  7:00-‐9:30	  a.m.	  on	  weekdays?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  NO	  

14.	  How	  many	  alcoholic	  beverages	  do	  you	  consume	  during	  a	  normal	  weekday?	  _______	  

15.	  Do	  you	  exercise	  an	  hour	  or	  more	  per	  day?	  	  	  	  	  	  	  	  YES	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  NO	  

16.Are	  you	  currently	  participating	  in	  any	  other	  research	  studies?	   YES	   	  	  NO	  

17.This	  study	  requires	  7	  morning	  visits	  to	  the	  University	  of	  Guelph	  for	  the	  duration	  of	  3	  hours	  
each.	  Visits	  will	  start	  between	  7:30	  and	  9:30	  a.m.	  and	  take	  place	  every	  week	  for	  7	  weeks.	  Can	  
your	  schedule	  accommodate	  these	  visits?	   YES	   	  	  	  	  	  	  	  	  NO	  

18.This	  study	  will	  involve	  regular	  study	  visits	  to	  the	  University	  of	  Guelph.	  Are	  there	  particular	  
days	  of	  the	  week	  that	  you	  would	  prefer?	  

MONDAY	   	  	  	  	  	  	  	  	  	  TUESDAY	   	  	  	  	  	  	  	  	  WEDNESDAY	  	  	  	  	  	  	  	  	  	  	  THURSDAY	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FRIDAY	  	  	  	  	  

19.Why	  do	  you	  want	  to	  participate	  in	  this	  study?	  __________________________	  
_________________________________________________________________	  
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The Three-Factor Eating Questionnaire (TFEQ-R21) 
This	  questionnaire	  is	  used	  to	  assess	  three	  dimension	  of	  human	  eating	  behavior.	  It	  measures	  both	  cognitive	  and	  

behavioral	  aspects	  of	  eating	  (Dietary	  restraint,	  Disinhibition,	  and	  Hunger).	  Please	  circle	  the	  answer	  that	  most	  
closely	  represents	  how	  you	  act	  or	  feel.	  	  	  

1. I deliberately take small helpings to control my weight. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

2. I start to eat when I feel anxious. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

3. Sometimes when I start eating, I just can’t seem to stop. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

4. When I feel sad, I often eat too much. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

5. I don’t eat some foods because they make me fat. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

6. Being with someone who is eating, often makes me want to also eat. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

7. When I feel tense or “wound up”, I often feel I need to eat. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

8. I often get so hungry that my stomach feels like a bottomless pit. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

9. I’m always so hungry that it’s hard for me to stop eating before finishing all of the 
food on my plate. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

10. When I feel lonely, I console myself by eating. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

11. I consciously hold back on how much I eat at meals to keep from gaining weight. 
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(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

12. When I smell a sizzling steak or see a juicy piece of meat, I find it very difficult 
to keep from eating—even if I’ve just finished a meal. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

13. I’m always hungry enough to eat at any time. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

14. If I feel nervous, I try to calm down by eating. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

15. When I see something that looks very delicious, I often get so hungry that I have 
to eat right away. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

16. When I feel depressed, I want to eat. 

(1) Definitely true, (2) Mostly true, (3) Mostly false, (4) Definitely false 

17. How often do you avoid “stocking up” on tempting foods? 

(1) Almost never, (2) Seldom, (3) Usually, (4) Almost always 

18. How likely are you to make an effort to eat less than you want? 

(1) Unlikely, (2) A little likely, (3) Somewhat likely, (4) Very likely. 

19. Do you go on eating binges even though you’re not hungry? 

(1) Never, (2) Rarely, (3) Sometimes, (4) At least once a week 

20. How often do you feel hungry? 

(1) Only at mealtimes, (2) Sometimes between meals (3) Often between meals (4) 
Almost always 

21. On a scale from 1 to 8, where 1 means no restraint in eating and 8 means total 
restraint, what number would you give yourself? 

Mark the number that best applies to you: 1 2 3 4 5 6 7 8. 
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IN	  PERSON	  PHYSICAL	  SCREENING:	  To	  be	  filled	  out	  by	  the	  coordinator.	  Please	  continue	  with	  the	  
next	  section.	  	  

Date:	  _____________	  Time:____________	  

Sex:	  	  	  	  	  M	  	  	  	  	  	  	  F	  

Date	  of	  Birth:	  _____________(dd/mm/yyyy)	  

Body	  Weight	  and	  Height	  Measurements:	  	  

Body	  Weight:	  ______________	  

Height:	  _________________	   	  

BMI:	  _________________	  
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Gastric	  Upset	  Questionnaire	  

(Adapted	  from	  Digestive	  Health	  Appraisal	  Questionnaire	  by	  Dr.	  Elizabeth	  Lipski)	  

This	  questionnaire	  will	  help	  Asses	  your	  digestive	  status.	  Circle	  the	  number	  that	  best	  describes	  
the	  frequency	  of	  your	  own	  symptoms	  in	  the	  last	  week.	  If	  you	  do	  not	  know	  the	  answer	  to	  a	  
question,	  leave	  it	  blank.	  	  

0=Symptom	  is	  not	  prevalent/rarely	  present	  

1=Mild/sometimes	  

2=Moderate/often	  

3=Severe/almost	  always	  

1.	  Food	  that	  seems	  to	  sit	  in	  your	  stomach?	   0	   1	   2	   3	  

2.Stomach	  upset	  	   0	   1	   2	   3	  

3.Constipation	   0	   1	   2	   3	  

4.Poor	  appetite	   0	   1	   2	   3	  

5.Abdominal	  cramps	   0	   1	   2	   3	  

6.Indigestion	  one	  to	  two	  hours	  after	  eating	   0	   1	   2	   3	  

7.Diarrhea	   0	   1	   2	   3	  

8.Roughage	  and	  fiber	  causing	  constipation	   0	   1	   2	   3	  

9.Burping	  and	  bloating	   0	   1	   2	   3	  

10.Headaches	  or	  migraines	   0	   1	   2	   3	  

11.Heartburn	   0	   1	   2	   3	  

12.	  Abdominal	  pain	   0	   1	   2	   3	  

13.Nausea	   0	   1	   2	   3	  

14.Lower	  bowel	  gas	   0	   1	   2	   3	  
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Appendix D: Sample Visual Analogue Scales 
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Appendix E: Participant Study Handbook 

 

Correlating	  the	  structure	  and	  viscosities	  of	  
different	  pectin	  fibers	  to	  in	  vivo	  human	  
satiety	  and	  in	  vitro	  gastric	  digestion	  

viscosities	  using	  a	  novel	  in	  vitro	  gastric	  
digestion	  method.	  

	  

 HANDBOOK OF IMPORTANT INFORMATION TO 
COMPLETE THE STUDY 

 
 
 

 
	  

Principal Investigators:  Amanda J. Wright, Ph.D. 
H Douglas Goff, Ph.D. 

 
Graduate Students:   Kirstyn Logan, MSc 
     
	  

	  

Department	  of	  Human	  Health	  and	  Nutritional	  Sciences	  

University	  of	  Guelph,	  Guelph,	  Ontario	  
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Important Contact Information	  

 
Study Co-coordinator:  
 Kirstyn Logan, B.Sc., M.Sc. student  
 Phone: 519 404-5155 
 Email: logank@uoguelph.ca 
  
Study Co-Principal Investigator: 

Amanda J. Wright, Ph.D., Associate Professor 
 Department of Human Health and Nutritional Sciences 
 Phone: 519-824-4120 x54697 
 Email: ajwright@uoguelph.ca 
 
Study Co-Principal Investigator: 

H Douglas Goff, Ph.D., Professor 
Department of Food Science 
Phone: 519-824-4150 x53878 
Email: dgoff@uoguelph.ca   
 

REB: 
Sandy Auld, Director, Research Ethics 

Office of Research, UC437 

519-824-4150 X56606  

Email: reb@uoguelph.ca 

 
All of your study visits will occur at the: 

Human Nutraceutical Research Unit 
Food Science Addition  
88 McGilvray St 
University of Guelph 
519-824-4120 x53749 
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Significance of This Research 
	   	  

By	  2015,	  it	  is	  estimated	  that	  the	  number	  of	  overweight	  adults	  will	  increase	  to	  2.3	  billions	  

(World	  Health	  Organization).	  As	  of	  2008,	  1.5	  billion	  adults	  worldwide	  were	  overweight.	  Obesity	  

is	  a	  very	  serious	  health	  risk	  -‐-‐-‐	  it	  can	  lead	  to	  further	  complications	  such	  as	  Type	  II	  diabetes,	  

strokes,	  certain	  types	  of	  cancer	  and	  cardiovascular	  disease	  (Goff,	  2012).	  As	  the	  current	  methods	  

of	  dieting	  and	  exercise	  are	  not	  decreasing	  the	  level	  of	  obesity,	  different	  measures	  are	  needed.	  A	  

new	  approach	  aims	  to	  regulate	  energy	  intake	  by	  changing	  food	  composition	  to	  increase	  signals	  

of	  satiation	  and	  satiety.	  Satiation	  is	  the	  way	  the	  body	  knows	  how	  to	  stop	  eating.	  Satiation	  

determines	  the	  size	  of	  the	  meal,	  i.e.	  how	  much	  is	  consumed	  in	  a	  single	  feeding	  session.	  Satiety	  is	  

the	  feeling	  of	  fullness	  that	  continues	  even	  after	  a	  meal	  is	  finished.	  Satiety	  suppresses	  appetite	  

and	  prevents	  further	  consumption	  of	  food	  (barring	  “social	  eating”)	  until	  the	  next	  meal.	  	  

It	  has	  been	  shown	  people	  who	  consume	  more	  fiber	  often	  have	  a	  lower	  body	  weight	  

than	  individuals	  who	  consume	  less	  (Alfieri	  et	  al.,	  1995;	  Appleby	  et	  al.,	  1998).	  So	  it	  is	  thought	  that	  

dietary	  fiber	  can	  play	  a	  role	  in	  energy	  regulation	  and	  weight	  management	  through	  incorporation	  

into	  products	  such	  as	  yogurts,	  beverages,	  cereals	  etc.	  Soluble	  fibers	  are	  believed	  to	  be	  good	  

ingredients	  to	  use	  when	  formulating	  foods	  with	  a	  high	  satiating	  capacity.	  Soluble	  fibers	  create	  

viscosity	  when	  mixed	  with	  liquids,	  which	  is	  to	  say	  they	  can	  create	  thicker	  liquids.	  The	  thickness	  

of	  liquids,	  when	  consumed,	  is	  thought	  to	  increase	  a	  feeling	  of	  satiety	  by	  increasing	  the	  stomach	  

volume	  and	  decrease	  the	  rate	  at	  which	  the	  stomach	  empties	  (de	  Graaf	  et	  al.,	  2004;	  Benini	  et	  al.,	  

1995;	  Bergmann	  et	  al.,	  1992;	  Marciani	  et	  al.,	  2000).	  Pectin	  is	  a	  viscous	  fiber	  known	  to	  increase	  

satiety	  and	  delay	  gastric	  emptying	  (DiLorenzo	  et	  al.,	  1988;	  Tiwary	  et	  al.,	  1997).	  However,	  there	  

are	  different	  types	  of	  pectin	  fibers	  that	  have	  a	  different	  chemical	  makeup.	  The	  difference	  in	  

chemical	  structure	  might	  influence	  the	  effect	  on	  human	  satiety.	  In	  the	  food	  industry,	  pectin	  is	  

available	  in	  a	  variety	  of	  forms	  depending	  on	  the	  application;	  the	  most	  long-‐standing	  use	  of	  

pectin	  is	  in	  jams	  and	  jellies.	  	  

In	  this	  study,	  you	  will	  be	  participating	  in	  a	  human	  intervention	  trial	  involving	  soluble	  

fiber	  enhanced	  beverages.	  It	  is	  anticipated	  that	  the	  addition	  of	  different	  types	  of	  pectin	  fibre	  to	  

the	  beverage	  will	  increase	  satiety	  after	  a	  subsequent	  meal	  as	  compared	  to	  a	  control.	  Specifically,	  

this	  study	  will	  involve	  the	  consumption	  of	  7	  different	  treatment	  products,	  one	  per	  treatment	  
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visit	  to	  the	  HNRU.	  The	  products	  include	  a	  fiber	  enhanced	  orange	  juice	  beverage	  drink,	  in	  

addition	  to	  a	  breakfast	  sandwich	  containing	  ham,	  egg	  whites,	  English	  muffins	  and	  cheddar	  

cheese	  from	  Tim	  Horton’s.	  The	  order	  in	  which	  you	  will	  complete	  the	  7	  treatments	  will	  be	  

random.	  For	  the	  researchers	  to	  draw	  accurate	  conclusions	  about	  the	  fibers	  trends,	  it	  is	  

imperative	  that	  each	  participant	  attends	  every	  study	  session.	  	  

We	  are	  very	  dependent	  on	  your	  participation	  and	  cooperation	  for	  this	  entire	  study.	  	  	  

The	  results	  from	  the	  study	  will	  be	  part	  of	  a	  MSc.	  Thesis	  and	  will	  also	  be	  published	  in	  scientific	  

journals.	  	  Without	  a	  doubt,	  the	  commitment	  that	  you	  provide	  will	  absolutely	  affect	  the	  scientific	  

quality	  of	  the	  data	  that	  will	  be	  published,	  in	  addition	  to	  affecting	  future	  research	  in	  this	  area	  of	  

nutrition	  and	  satiety.	  	  Your	  commitment	  and	  dedication	  to	  this	  study	  will	  make	  all	  the	  

difference.	  	  	  

In	  conclusion,	  we	  are	  facing	  a	  global	  epidemic	  of	  obesity,	  where	  traditional	  methods	  to	  

maintain	  weight	  have	  failed.	  Therefore,	  we	  require	  a	  better	  understanding	  of	  nutritional	  

intervention	  strategies	  for	  obesity	  prevention.	  The	  significance	  of	  this	  research	  is	  that	  it	  will	  

explain	  the	  relationship	  between	  pectins	  that	  have	  different	  viscosities	  to	  satiating	  effects	  in	  

healthy	  humans.	  This	  research	  should	  also	  support	  the	  food	  industry	  in	  formulating	  foods	  that	  

promote	  satiety	  and	  can	  be	  used	  in	  conjunction	  with	  a	  diet	  or	  other	  life-‐style	  modifications.	  

 

We hope this has made you more aware of why we are doing this 

research.  Please let the study coordinator know if you have any questions.  We 

greatly appreciate the contribution you are making to food and nutrition research 

and the University of Guelph.  
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Financial Compensation 
	  

To	  compensate	  you	  for	  your	  time	  and	  effort	  in	  this	  study,	  you	  will	  receive	  a	  total	  of	  

$240.00.	  	  You	  will	  receive	  $30	  for	  each	  of	  the	  8	  study	  visits.	  	  

Again,	  we	  are	  very	  dependent	  on	  your	  participation	  and	  completion	  of	  all	  8	  study	  visits.	  

However,	  if	  you	  only	  complete	  some	  of	  the	  study	  treatments,	  your	  compensation	  will	  be	  

prorated	  based	  on	  the	  number	  of	  study	  visits	  completed.	  For	  example,	  3	  visits	  would	  mean	  you	  

will	  be	  compensated	  $90.	  	  	  

These	  funds,	  which	  you	  will	  receive	  at	  the	  conclusion	  of	  the	  study,	  are	  intended	  to	  

compensate	  you	  for	  your	  time	  and	  effort	  as	  well	  as	  cover	  incidental	  expenses	  such	  as	  gas,	  bus	  

fare,	  etc.
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Your Study Visits to the Human 
Nutraceutical Research Unit  

	  

Your	  study	  sessions	  will	  occur	  at	  the	  Human	  Nutraceutical	  Research	  Unit	  (HNRU),	  in	  

the	  Food	  Science	  Building	  Extension	  at	  88	  McGilvray	  Street	  at	  the	  University	  of	  Guelph.	  The	  

entrance	  is	  located	  between	  the	  Food	  Science	  Building	  and	  the	  attached	  Guelph	  Food	  

Technology	  Centre,	  on	  the	  side	  of	  the	  building	  facing	  the	  street.	  A	  map	  of	  the	  HNRU	  location	  

appears	  on	  the	  following	  page.	  	  	  

	  

Unless	  otherwise	  specified,	  please	  report	  to	  the	  HNRU	  for	  all	  of	  your	  study	  sessions.	  A	  

study	  coordinator	  will	  be	  present	  to	  welcome	  you	  and	  offer	  you	  a	  parking	  pass	  if	  necessary	  (to	  

be	  returned	  at	  the	  end	  of	  the	  visit).	  	  	  

The HNRU is part of the Department of Human Health and Nutritional 

Sciences at the University of Guelph.  It is set up to run human studies designed to 

evaluate the health-related effects of value-added foods and natural health products.  

The HNRU runs several human studies for the food and natural health product 

industries but also allows for research to be conducted by the faculty from the 

Department of Human Health and Nutritional Sciences at the University of Guelph.   
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The	  HNRU	  is	  located	  on	  88	  McGilvray	  St	  and	  is	  located	  in	  the	  Food	  Science	  
Building	  Extension	  between	  the	  Food	  Science	  Building	  and	  the	  Guelph	  Food	  

Technology	  Centre
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How to Prepare for the 

Study Visits 
	  

24	  hours	  prior	  to	  each	  study	  visit:	  

	  

-‐Do	  not	  consume	  any	  alcohol	  24-‐hours	  prior	  to	  data	  collection	  

-‐Keep	  exercise	  on	  the	  days	  that	  precede	  each	  data	  collection	  consistent	  

-‐Do	  not	  engage	  in	  any	  physical	  activity	  before	  the	  data	  collection	  on	  the	  morning	  of.	  Walking	  to	  

and	  from	  campus	  is	  acceptable.	  

-‐Do	  not	  use	  any	  toothpaste,	  mouthwash,	  or	  similar	  products	  on	  the	  mornings	  of	  data	  collection.	  

-‐On	  the	  days	  prior	  to	  data	  collection,	  please	  try	  to	  keep	  the	  amounts	  and	  types	  of	  food	  

consistent.	  We	  will	  provide	  a	  food	  record	  for	  you	  to	  fill	  out	  for	  the	  day	  prior	  to	  the	  study	  visit.	  

-‐Please	  engage	  in	  a	  12	  hour	  overnight	  fast	  with	  water	  consumption	  allowable	  up	  to	  an	  hour	  

before	  the	  study	  visit.	  
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Examples of Foods to Avoid During the 12-Hour Fasts 

 

During your overnight fast it is important that you consume only water, nothing else. 
However, there are some products that people consume out of habit, or because they do 
not count them as an actual food, but can interfere with study results. Below is a list of 
products that are commonly consumed during a fast, but should not be.  

 

Beverages: 

 

• Herbal teas 

• Crystal Light 

• Fruit-flavoured water 

• Caffeinated beverages (Red Bull, Coffee, Pop) 

• Carbonated water (Perrier) 

• Protein drinks 

 

Food Products / Miscellaneous: 

 

• Breath mints 

• Gum 

• Sucking candies 

• Cough drops (Halls or Fisherman’s Friends) 

• Metamucil powder or pills 

• Natural Health Supplements, Mixes or Powders  
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What to Expect at a Study Visit 

 

On the morning of each study visit you will report to the Human Nutraceutical Research 
Unit at the University of Guelph, following a 12 h overnight fast (drinking only water up to 
an hour before the study session, but no other drinks and consuming no food) at your 
scheduled time. You will be seated in one of the booths in room 192. Here you will 
remain for the duration of the 3-hour session, with exceptions being made for washroom 
breaks. Activities like listening to music, doing work quietly, using a personal laptop or 
reading etc are acceptable during the study session.  

 

Once settled into the booth, you will open the hatch and receive a visual analogue scale 
(VAS) on a piece of loose leaf paper to measure your hunger, appetite, satiety, feelings 
of hunger prior to any food or beverage consumption. The scales consist of two 
opposing anchor statements at each end of 100 mm horizontal line. You will make a 
mark on the horizontal line between the two statements to best describe how you are 
feeling. After the sheet of paper is returned through the hatch, you will be presented with 
an orange juice beverage in addition to the breakfast sandwich. You will then have 10 
minutes to consume the meal. After consumption, you will then be asked to rate your 
feelings of appetite, hunger, satiety and desire to eat. There will also be a separate 
section to rate the palatability of the test beverage and meal. Subsequent VAS scores 
will be recorded at 30, 45, 60, 120 and 180 minutes after baseline. Water can be 
requested after the study session is complete.  You will be provided with 15 mL for 
mouth rinsing. Once you have completed all of the VAS sheets, you will be free to leave. 
Snacks such as granola bars, apples and cheese strings will be provided once you are 
finished.  
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Study Treatment Products 

 

At each study visit, you will consume one of 8 different treatments. Each one will be in 
the amount of 500 ml.  You will not know which treatment you are consuming.   

 

The beverages will consist of Tropicana no pulp orange juice mixed with an amount of 
pectin fiber. The most fiber you will ingest is 10g in the beverage. This is below the 
dietary recommendation of 25-38 g/d. You will be asked to consume the beverage and 
breakfast sandwich within 10 minutes.  

 

All of the products will be prepared in the Guelph Food Technology Centre, following 
good manufacturing practices (GMPs), including complete cleaning and sanitation of 
equipment before and after use and personnel hygiene requirements for safe and 
sanitary production of food product. All ingredients will be purchased from food 
ingredient suppliers and Tim Hortons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  

125	  
	  

Schedule of Study Visits 

The study coordinator and yourself will discuss which days will be most appropriate for 
the study sessions. You, or a study coordinator upon request, can also fill in any other 
helpful reminders. For example, 24 hours prior to your study date, you may want to write, 
“begin food diary”. Other helpful reminders could include “eat dinner before 8 pm” on the 
night before your visit and “skip the gym” 24 hours before your visit.  

We also ask that you report any sickness you experience throughout the trial period on 
the calendars. Entries could be as simple as “abdominal discomfort” or “bloating” written 
on all the days for which the ailment(s) apply.  
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Completing Accurate Food Records 
	  

As	  part	  of	  this	  research	  study,	  you	  will	  be	  completing	  24-‐hour	  detailed	  food	  records	  for	  one	  
consecutive	  day	  before	  each	  treatment	  visit.	  Your	  accuracy	  and	  honesty	  is	  crucial	  to	  this	  study!	  
Here	  are	  some	  helpful	  tips:	  

• Start	  a	  new	  food	  record	  sheet	  for	  each	  day	  (see	  example	  food	  record	  sheet	  included	  in	  
your	  handbook;	  you	  will	  be	  provided	  with	  these	  blank	  forms	  throughout	  the	  study).	  	  	  

• Record	  the	  following:	  
(1) the time you eat 
(2) the type of food you eat (e.g. 1% milk, chicken noodle soup, cream cheese: 

light? fat-free?; BRANDS are very helpful!) 
(3) the amount of food consumed: use household measures (cups, fluid ounces, 

table/teaspoons) or weight if you know it (grams, ounces); read labels to help 
you figure out serving sizes 

(4) how the food is prepared (e.g. fried in 2 tablespoons of canola oil, steamed, 
baked, etc.) 
o include all condiments and amounts (e.g. 2 tsp sugar added to coffee) 
o include amounts of all liquids (including water!) 
o if you know the RECIPE of the dish you ate, please include/attach the 

recipe to the food record and record approximately the serving size eaten 
(e.g. if a chili serves 5 people, and you had a serving, then 1/5 of the dish 
was consumed). 

 
Here is an EXAMPLE of the amount of detail that we are requesting: 

12:30 pm: cheese burger  - 3 ounces of lean ground beef 
- 2 Tbsp ketchup; 1 tsp mustard 

- 1 slice of tomato; 1 leaf of iceberg lettuce 
- 1 slice skim milk processed cheese (Kraft) 

- 1 white sesame seed bun 
MORE HELPFUL TIPS 

• Whenever possible, please list the BRAND NAME. If you have the label, please 
turn it in to the study coordinator with your food record (e.g. candy wrapper, 
cereal box label etc.). 

• Don’t forget things like: coffee/tea, condiments, sauces, candy, water, oil type... 
we want to know EVERYTHING. 

• Which brings us to our next point: DETAIL DETAIL DETAIL!!!! Please be as 
specific and detailed as you can be. Draw pictures if you find it hard to describe 
an amount (e.g. thickness of meat). Include anything that will be helpful. 
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• Carry your food record sheets with you EVERYWHERE and record foods as 
you consume them. (This is much more accurate and easier as you don’t want to 
leave it until the end of the day). 

• If you dine-out, include the name of the restaurant and which dish you had there.  
Please see below for instructions regarding Serving Size Estimation and an 
example of a Food Record.  

• Lastly, frequently refer back to these instructions and please do not hesitate to 
call 824-4120 ext. 58498, or email us if you have ANY questions. We will check 
email and voicemail multiple times throughout each day in order to answer your 
questions promptly. 

 

Serving Size Estimation Guidelines 
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Example of a Food Record 
Please	  be	  as	  specific	  as	  possible	  by	  including	  the	  brand	  name,	  flavour	  and	  variety,	  
amount	  or	  size	  of	  serving,	  how	  you	  prepared	  the	  food	  and	  the	  times	  you	  ate	  at.	  
Don’t	  forget	  to	  include	  ALL	  your	  snacks	  and	  beverages.	  	  
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Appendix G: Participant Feedback Document 

	  	  

Participant	  Feedback	  Document	  

To	  be	  printed	  on	  University	  of	  Guelph	  letterhead	  

Date:	  [Participant	  name	  and	  address]	  	  

Dear	  [Participant	  name],	  

Thank	  you	  very	  much	  for	  participating	  in	  our	  study	  entitled	  “Effect	  of	  different	  pectin	  fibers	  on	  
short-‐term	  satiety	  in	  healthy	  humans	  related	  to	  in	  vitro	  gastrointestinal	  digestion”.	  The	  time	  and	  
effort	  you	  put	  into	  this	  study	  are	  greatly	  appreciated.	  You	  have	  made	  a	  valuable	  contribution	  to	  
research	  into	  strategies	  to	  increase	  fiber	  consumption.	  The	  purpose	  of	  this	  letter	  is	  to	  provide	  
you	  with	  a	  summary	  of	  the	  group	  data	  as	  well	  as	  your	  own	  personal	  physical	  data.	  Since	  all	  
participants	  have	  code	  numbers,	  your	  name	  will	  never	  be	  associated	  with	  your	  data.	  

STUDY	  RESULTS	  SUMMARY:	  Group	  Data	  

Will	  summarize	  key	  results	  from	  the	  study	  here.	  

YOUR	  STUDY	  RESULTS:	  Individual	  Data	  	  

Participant	  Name:___________________	  	  

Participant	  Number:__________________	  

Height:____________	  

Weight:___________	  

BMI:______________	  

Will	  also	  provide	  data	  in	  graphical	  form	  about	  their	  answers	  to	  the	  VAS	  scores	  as	  area	  under	  the	  
curve	  (AUC)	  for	  each	  treatment.	  	  

We	  hope	  you	  have	  found	  this	  summary	  to	  be	  useful.	  We	  would	  like	  to	  thank	  you	  again	  for	  being	  
a	  participant	  in	  this	  study.	  If	  you	  have	  any	  questions	  or	  concerns	  regarding	  these	  results	  or	  the	  
study	  in	  general,	  please	  do	  not	  hesitate	  to	  contact	  us	  at	  the	  phone	  number	  or	  email	  below	  our	  
names	  at	  the	  end	  of	  this	  document.	  

Sincerely,	  

Amanda	  J.	  Wright,	  PhD	  Assistant	  Professor	  Ph:	  (519)	  824-‐4120	  ext	  54697	  ajwright@uoguelph.ca	  

H	  Douglas	  Goff,	  PhD	  Professor	  Ph:	  (519)	  824-‐4120	  ext	  5378	  dgoff@uoguelph.ca	  

Kirstyn	  Logan,	  BSc,	  Graduate	  Student	  logank@uoguelph.ca	  
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Appendix H: Participant Exit Survey with Additional Consent 
Form 

Will	  be	  printed	  with	  the	  University	  of	  Guelph	  Letterhead	  

CONSENT	  TO	  PARTICIPATE	  IN	  RESEARCH	  

Effect	  of	  different	  pectin	  fibers	  on	  short-‐term	  satiety	  in	  healthy	  humans	  
related	  to	  in	  vitro	  gastrointestinal	  digestion	  

You	  are	  asked	  to	  participate	  in	  a	  research	  study	  conducted	  by	  the	  student	  Kirstyn	  Logan,	  
Professor	  Douglas	  Goff	  from	  the	  Department	  of	  Food	  Science	  and	  Professor	  Amanda	  Wright	  
from	  the	  Department	  of	  Human	  Health	  and	  Nutritional	  Sciences	  at	  the	  University	  of	  Guelph.	  The	  
Results	  from	  this	  study	  will	  contribute	  towards	  a	  Master’s	  thesis	  for	  Kirstyn	  Logan.	  	  

If	  you	  have	  any	  questions	  or	  concerns	  about	  the	  research,	  please	  feel	  free	  to	  contact	  	  

1.	  Study	  Coordinator:	  Kirstyn	  Logan,	  BSc	  (MSc	  graduate	  student)	  at	  519	  824-‐4120	  x58498,	  

logank@uoguelph.ca	  

2.	  Study	  Principal	  Co-‐Investigator:	  Professor	  Amanda	  Wright,	  PhD	  at	  519-‐824-‐4120	  x54697,	  
ajwright@uoguelph.ca	  	  

3.	  Study	  Principal	  Co-‐Investigator:	  Professor	  Douglas	  Goff,	  PhD	  at	  519-‐824-‐4120	  x	  53878,	  
dgoff@uoguelph.ca	  

PURPOSE	  OF	  THE	  STUDY	  

The	  purpose	  of	  this	  research	  is	  to	  study	  the	  effects	  of	  modified	  versions	  of	  pectin,	  a	  dietary	  
fiber,	  on	  hunger	  and	  satiety	  when	  mixed	  in	  a	  beverage	  and	  consumed	  in	  the	  morning.	  	  

 PROCEDURES 
If	  you	  volunteer	  to	  participate	  in	  this	  study,	  we	  would	  ask	  you	  to	  do	  the	  following	  things:	  

You	  are	  being	  asked	  to	  participate	  in	  a	  study	  of	  a	  dietary	  fiber	  and	  its	  effect	  on	  hunger	  and	  
satiety.	  The	  fibers	  you	  will	  consume	  are	  of	  food	  grade	  quality	  and	  are	  currently	  being	  used	  in	  
many	  food	  products	  such	  as	  jams	  and	  jellies.	  Approximately	  25	  participants	  will	  participate	  in	  
the	  study.	  The	  fiber	  will	  be	  presented	  in	  the	  form	  of	  an	  orange	  juice	  beverage.	  The	  maximum	  
amount	  of	  fiber	  you	  will	  be	  asked	  to	  consume	  is	  10g.	  The	  daily	  recommended	  dose	  of	  dietary	  
fiber	  per	  day	  is	  between	  25-‐38g	  so	  you	  will	  never	  be	  consuming	  more	  than	  is	  recommended	  on	  
a	  daily	  basis.	  	  

SCREENING:	  There	  is	  a	  preliminary	  screening	  visit	  that	  will	  take	  approximately	  30	  minutes	  and	  
will	  include	  compensation.	  There	  will	  be	  a	  questionnaire	  to	  fill	  out	  in	  a	  private	  sampling	  bay	  (Rm	  
144)	  of	  the	  HNRU.	  Height,	  weight	  and	  BMI	  will	  also	  be	  measured	  discretely	  and	  in	  private,	  with	  
only	  the	  participant	  and	  study	  coordinator	  present.	  	  

PRIOR	  TO	  EACH	  STUDY	  VISIT:	  For	  12	  h	  prior	  to	  each	  study	  visit,	  you	  will	  need	  to	  avoid	  consuming	  
any	  foods,	  but	  250	  mL	  of	  water	  is	  acceptable	  up	  to	  two	  hours	  before	  the	  session.	  We	  ask	  that	  
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you	  refrain	  from	  consuming	  alcoholic	  beverages	  and	  participating	  in	  strenuous	  exercise	  the	  day	  
before	  the	  visit	  and	  on	  the	  morning	  of	  the	  visit,	  not	  to	  consume	  any	  coffee,	  use	  toothpaste,	  use	  
mouthwash	  or	  chew	  gum.	  Additionally,	  it	  is	  necessary	  to	  complete	  a	  food	  record	  sheet	  for	  all	  
foods	  consumed	  24	  hours	  prior	  to	  the	  study	  session.	  We	  ask	  that	  you	  keep	  the	  dinner	  meals	  the	  
evening	  before	  the	  study	  consistent.	  You	  can	  keep	  the	  meals	  consistent	  with	  help	  from	  the	  food	  
record	  sheet.	  	  

STUDY	  VISITS:	  	  This	  study	  will	  then	  involve	  eight	  different	  days	  of	  data	  collection.	  On	  each	  day	  of	  
the	  study,	  you	  will	  be	  asked	  to	  report	  to	  the	  Human	  Nutraceutical	  Research	  Unit	  (HNRU),	  room	  
142,	  between	  the	  hours	  of	  7:30	  and	  9:30	  a.m.	  You	  will	  be	  seated	  in	  one	  of	  the	  eight	  booths	  and	  
will	  remain	  in	  your	  booth	  for	  the	  duration	  of	  the	  study,	  except	  for	  washroom	  breaks.	  Then	  you	  
will	  be	  given	  one	  of	  7	  beverages	  and	  a	  test	  breakfast.	  The	  beverages	  will	  be	  prepared	  fresh	  each	  
morning	  in	  the	  HNRU	  kitchen	  using	  sanitary	  practices	  and	  the	  sandwiches	  will	  be	  prepared	  by	  
employees	  at	  Tim	  Hortons’	  and	  placed	  in	  a	  cooler	  to	  maintain	  their	  temperature.	  The	  test	  
beverage	  will	  consist	  of	  a	  total	  volume	  of	  500	  mL	  of	  Tropicana	  no	  pulp	  orange	  juice	  and	  a	  
predetermined	  amount	  of	  pectin	  fiber	  or	  no	  added	  fiber.	  The	  test	  breakfast	  will	  consist	  of	  a	  Tim	  
Horton’s	  ham	  breakfast	  sandwich	  with	  egg	  white,	  cheddar	  cheese,	  ham	  and	  an	  English	  muffin.	  
The	  sandwich	  has	  200	  calories	  and	  a	  more	  descriptive	  nutritional	  profile	  can	  be	  found	  in	  your	  
participant	  handbook.	  Before	  any	  food	  consumption,	  you	  will	  be	  asked	  to	  rate	  your	  hunger,	  
appetite,	  desire	  to	  eat	  and	  satiety	  using	  a	  standardized	  100	  mm	  visual	  analogue	  scale	  (VAS).	  
Once	  you	  have	  completed	  the	  VAS	  sheet,	  you	  must	  slide	  it	  through	  the	  window	  in	  your	  booth.	  
Then	  the	  breakfast	  sandwich	  and	  test	  beverage	  will	  be	  provided	  from	  the	  window	  on	  a	  tray.	  You	  
have	  10	  minutes	  to	  consume	  all	  of	  the	  test	  beverage	  and	  sandwich.	  After	  the	  10	  minutes	  of	  
consuming	  the	  test	  meal	  and	  beverage,	  you	  will	  be	  asked	  again	  to	  rate	  your	  appetite	  using	  the	  
VAS	  and	  every	  30	  minutes	  afterwards.	  Each	  visit	  will	  last	  3	  hours.	  Water	  will	  be	  provided	  after	  
the	  study	  has	  been	  completed.	  There	  will	  be	  snacks	  provided	  at	  the	  end	  of	  the	  study	  session.	  
We	  will	  provide	  granola	  bars,	  cheese	  strings	  and	  apples	  to	  take	  with	  you.	  	  All	  visits	  are	  necessary	  
to	  complete	  the	  study	  itself.	  Participants	  will	  be	  allowed	  to	  work	  quietly,	  listen	  to	  music	  and	  use	  
their	  laptops	  during	  the	  testing	  time.	  	  

LAST	  STUDY	  VISIT:	  On	  completion	  of	  the	  last	  study	  visit,	  you	  will	  be	  asked	  to	  complete	  a	  short	  
exit	  survey.	  All	  questions	  are	  option	  for	  you	  to	  answer.	  There	  will	  also	  be	  a	  section	  to	  record	  
your	  mailing	  address	  to	  receive	  compensation.	  Additionally,	  a	  study	  coordinator	  will	  take	  your	  
final	  body	  weight	  in	  the	  HNRU	  sampling	  bay	  to	  verify	  a	  consistent	  weight	  was	  maintained	  
throughout	  the	  study.	  	  

 POTENTIAL RISKS AND DISCOMFORTS 
The	  benefit	  of	  this	  study	  will	  be	  to	  determine	  if	  and	  what	  type	  of	  dietary	  fibers	  will	  promote	  
feelings	  of	  satiety	  after	  a	  test	  meal	  has	  been	  consumed.	  The	  possible	  risks	  associated	  with	  this	  
study	  could	  include	  an	  upset	  stomach	  from	  consuming	  fiber.	  The	  risks	  will	  be	  minimized	  by	  
making	  sure	  each	  participant	  consumes	  a	  minimum	  amount	  of	  fiber	  on	  a	  daily	  basis	  and	  is	  not	  
prone	  to	  gastric	  upset,	  as	  measured	  by	  a	  questionnaire.	  	  	  

 POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
Participants	  will	  be	  provided	  with	  breakfast	  meals	  for	  8	  days	  and	  an	  increase	  in	  the	  daily	  amount	  
of	  fiber	  the	  participants	  will	  also	  ingest.	  Other	  benefits	  extend	  to	  evaluating	  the	  effect	  of	  
ingesting	  pectin	  on	  feelings	  of	  satiety	  in	  the	  short	  term.	  	  

 PAYMENT FOR PARTICIPATION 
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The	  participant	  will	  be	  compensated	  $10.00	  an	  hour	  for	  every	  hour	  the	  participant	  participates	  
in	  the	  study	  (i.e.	  $30	  for	  each	  data	  collection	  visit).	  If	  the	  participant	  completes	  all	  study	  
sessions,	  the	  total	  amount	  per	  participant	  totals	  $240.00.	  If	  the	  participant	  chooses	  to	  
discontinue	  the	  study,	  their	  payments	  will	  be	  prorated	  on	  the	  hours	  they	  have	  completed.	  	  

 CONFIDENTIALITY 
 
Every effort will be made to ensure confidentiality of any identifying 
information that is obtained in connection with this study. 
 
Each participant will be assigned a study number. All data will be stored and 
processed using this assigned number and all published and presented results 
will be presented as group data. Following these approaches, we will maintain 
participant confidentiality to the best of our ability. Data records will be kept in a 
locked cabinet in the HNRU. The office is locked except when personnel is in the 
office. The confidential information will be shredded when it is no longer needed. 
  
PARTICIPATION AND WITHDRAWAL 
You	  can	  choose	  whether	  to	  be	  in	  this	  study	  or	  not.	  	  If	  you	  volunteer	  to	  be	  in	  this	  study,	  you	  
may	  withdraw	  at	  any	  time	  without	  consequences	  of	  any	  kind.	  	  You	  may	  exercise	  the	  option	  of	  
removing	  your	  data	  from	  the	  study.	  	  You	  may	  also	  refuse	  to	  answer	  any	  questions	  you	  don’t	  
want	  to	  answer	  and	  still	  remain	  in	  the	  study.	  	  The	  investigator	  may	  withdraw	  you	  from	  this	  
research	  if	  circumstances	  arise	  that	  warrant	  doing	  so.	  	  

RIGHTS OF RESEARCH PARTICIPANTS 
You	  may	  withdraw	  your	  consent	  at	  any	  time	  and	  discontinue	  participation	  without	  penalty.	  	  
You	  are	  not	  waiving	  any	  legal	  claims,	  rights	  or	  remedies	  because	  of	  your	  participation	  in	  this	  
research	  study.	  	  This	  study	  has	  been	  reviewed	  and	  received	  ethics	  clearance	  through	  the	  
University	  of	  Guelph	  Research	  Ethics	  Board.	  	  	  If	  you	  have	  questions	  regarding	  your	  rights	  as	  a	  
research	  participant,	  contact:	  

	  

	   Director,	  Research	  Ethics	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  Telephone:	  (519)	  824-‐4120,	  ext.	  56606	  

	  	  	  	  	  	  	  	  	  	  	  	  	  University	  of	  Guelph	   	   	   E-‐mail:	  sauld@uoguelph.ca	  

	   437	  University	  Centre	   	   	   Fax:	  (519)	  821-‐5236	  

	   Guelph,	  ON	  	  	  N1G	  2W1	  

	  

  
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
	  

I	  have	  read	  the	  information	  provided	  for	  the	  study	  “Effect	  of	  different	  pectin	  fibers	  on	  short-‐
term	  satiety	  in	  healthy	  humans	  related	  to	  in	  vitro	  gastrointestinal	  digestion”	  as	  described	  
herein.	  	  My	  questions	  have	  been	  answered	  to	  my	  satisfaction,	  and	  I	  agree	  to	  participate	  in	  this	  
study.	  	  I	  have	  been	  given	  a	  copy	  of	  this	  form.	  
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	   ______________________________________	  

	   Name	  of	  Participant	  (please	  print)	  

	   ______________________________________	   	   	   ______________	  

	   Signature	  of	  Participant	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	   Date	  

	  

 SIGNATURE OF WITNESS 
	  

	   ______________________________________	  

	   Name	  of	  Witness	  (please	  print)	  

	   ______________________________________	   	   	   _______________	  

	   Signature	  of	  Witness	   	   	   	   	   	   Date	  
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Participant	  Exit	  Survey	  

	  

Congratulations!	  You	  have	  completed	  the	  Pectin	  and	  Satiety	  Study.	  Thank	  you	  for	  all	  of	  
your	  cooperation.	  Before	  you	  are	  finished,	  we	  have	  a	  short	  exit	  survey	  for	  you	  to	  complete	  and	  
also	  require	  some	  information	  in	  order	  for	  you	  to	  receive	  compensation.	  Your	  responses	  will	  be	  
treated	  with	  total	  confidence	  and	  all	  questions	  are	  optional.	  	  

	  

Overall,	  how	  would	  you	  describe	  your	  experience	  as	  a	  participant	  in	  this	  study?	  

	  

How	  could	  we	  improve	  your	  experience	  as	  a	  study	  participant?	  

	  

What	  was	  the	  most	  enjoyable	  part	  of	  the	  study?	  

	  

Did	  you	  notice	  a	  difference	  in	  the	  breakfast	  beverages?	  If	  so,	  can	  you	  describe	  the	  general	  
differences?	  

	  

On	  different	  study	  days,	  did	  you	  notice	  a	  large	  difference	  in	  appetite	  after	  consuming	  the	  
breakfast	  meals?	  

	  

What	  was	  the	  most	  difficult	  part(s)	  of	  the	  study?	  

	  

Would	  you	  purchase	  products	  that	  had	  a	  health	  claim,	  such	  as	  fiber	  enriched	  orange	  juice?	  Why	  
or	  Why	  not?	  	  

	  

Would	  you	  pay	  more	  for	  such	  a	  product?	  	  

	  

	  

Thank	  you	  for	  your	  answers.	  
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In	  order	  to	  receive	  compensation,	  we	  need	  your	  mailing	  address	  where	  you	  will	  be	  residing	  for	  
the	  next	  two	  months.	  

	  

Participant	  I.D.	   	  

Mailing	  Address	   	  
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Appendix I: Latin Square Study Design 
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Appendix G: Averaged participant total macronutrient and 
caloric intake 24 hours prior to study session 
 

 

 
Proteins (%) Lipids (%) 

Carbohydrates 
(%) 

Calories (kcal) 

Male (n=10) 18.8  32.4 48.8 2889.6  

Female (n=15) 15.5 23.4 57.9 2081.6  

 

 


