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ABSTRACT 

 

Influence of fenugreek gum on bread and in vitro physiological effects 

 

 

 

Keisha T. Roberts      Advisors: 

University of Guelph      Dr. S.W. Cui 

        Professor T.E. Graham 

 

This thesis examined the effect of fenugreek gum, from Canadian grown fenugreek on bread 

quality, when substituted for wheat flour at 5 % and 10 %, and the in vitro physiological effects 

of these breads, based on models of acute and long - term feeding. Study I determined bread 

could be produced with 10 % fenugreek gum, while maintaining quality parameters of volume 

and texture, comparable to a control. This was accomplished through the development of a novel 

bread production method, using the lamination procedure for puff pastry production. The 

behavior of fenugreek gum and starch (wheat flour) was determined by rapid visco analysis 

(RVA), farinograph and dynamic rheological measurement, while scanning electron microscopy 

of bread found fenugreek gum could be identified within the bread matrix. Study 2 in vitro starch 

digestion found fenugreek gum at 5 % and 10 % reduced glucose liberated from bread, with 10 

% fenugreek gum causing a reduction of over 30 %. RVA of fenugreek breads highlighted 

differences in viscosity between breads and wheat flour substituted with the gum. This was 

substantial as viscosity measurements by RVA are conducted on raw ingredients and not the 

food as consumed, which reflects the possible reduction in viscosity with food processing. This 

study also determined extruding fenugreek gum may have caused morphological changes to the 

gum, which may possibly contribute to attenuation of glucose liberated in vitro. Study 3 

evaluated the accumulation of short chain fatty acids (SCFA) from the fermentation of three 

substrates: Extruded fenugreek gum, bread with 10 % extruded gum and control bread, based on 
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fecal microbiota from three donors. SCFA profiles varied with substrates and donors, with 

fenugreek gum having the highest accumulation of SCFA after 12 hours. Donors were a 

caucuasian Canadian, a black Jamaican and a black Trinidadian who was the only donor 

culturally exposed to fenugreek. This Trinidadian’s SCFA profiles were consistently higher for 

fenugreek gum than the other donors. These studies collectively showed fenugreek gum, though 

viscous could be successfully incorporated into bread and have potential as a functional food and 

nutraceutical. 
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1.1 Introduction 

The study of in vivo and in vitro effects of fibre has caused controversy for many years and 

continues today. The full benefits of dietary fibre consumption may be realized when consumed 

as a whole food, for example, whole grain products. Full benefits may also be realized when 

fibre is extracted from foods, for example, fibre supplements and functional foods. According to 

Pereira et al. (2001), significant epidemiologic evidence regarding dietary fibre and chronic 

disease risk has resulted in a reductionist approach, as opposed to a whole food one. 

Although fibre is not digested in the small intestine of humans, some may be fermented in 

the small intestine as well as in the large intestine or colon by the resident microflora (Gemen et 

al, 2011) Other components of the diet also behave like dietary fibre (and are now internationally 

recognized as such), exhibited by their technological and physiological functionality. These 

include resistant starch and oligosaccharides. Additionally, novel sources in the form of inulin 

and oligofructose were labeled as dietary fibre in Europe, and are now internationally accepted 

due to the new, ‘functional’ definition (Coussement, 2001). This definition was reached in 2008 

during the 30
th

 Session of the Codex Committee on Nutrition and Foods for Special Dietary 

Uses. The new internationally agreed to definition of dietary fibre in part states: 

“Dietary fibre means carbohydrate polymers with ten or more monomeric units, which are 

not hydrolyzed by endogenous enzymes in the small intestine of human beings and belong to the 

following categories: (1) edible carbohydrate polymers naturally occurring in food as consumed 

(2) carbohydrate polymers, which have been obtained from raw materials in food by physical, 

enzymatic, or chemical means and which have been shown to have physiological effects of 

benefit to health by generally accepted scientific evidence to competent authorities and (3) 

synthetic carbohydrate polymers, which have been shown to have physiological effect of benefit 
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to health by generally accepted scientific evidence to competent authorities” (Cummings et al., 

2009). 

The benefits derived from the consumption of some novel dietary fibre components 

include bulkier stool, causing decreased transit time in the gut, thereby limiting the guts exposure 

to secondary bile acids and other toxins (Yamazaki et al., 2005). Dietary fibre may be associated 

with a reduced risk for colorectal cancer, may positively modify glucose and lipid metabolism, 

and may act as prebiotics (Sanchez-Alonso et al., 2007). 

Despite the numerous benefits from a diet rich in dietary fibre, consumption is still below 

the recommended daily intake. In the United States, the customary intake is 12 g – 18 g per day, 

with recommended intake for the US and Canada being 38 g and 25 g per day for men and 

women respectively (Adults 50 years and younger) (Slavin et al., 2007). While consumption data 

for adults in the US is available, Health Canada has indicated the intake in Canada may be low, 

but they are unable to evaluate the fibre intake of Canadian adults. Their data does not capture 

the contribution of functional fibre to the Canadian diet, only naturally occurring dietary fibre 

(Health Canada, 2011). Low consumption may be attributable to the difference in food texture 

due to fibre addition. Foods high in fibre require more mastication and it is believed consumers 

have a preference for foods that require less chewing (Oakenfull, 2001). 

1.2 Classification 

Fibres may be classified according to their chemical characteristics, that is, as cellulose, 

hemicellulose, pectins, gums and mucilages or lignin. These classifications may be further 

characterized based on solubility. Cellulose, most hemicellulose and lignin are considered 

insoluble; while gums, pectins, some hemicellulose and mucilages are soluble. Solubility is 

believed to have generalized effects. On ingestion, soluble fibres may: (1) Reduce blood 
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cholesterol (2) slow glucose absorption and (3) slow the emptying of the stomach. Insoluble 

fibres may (1) slow starch breakdown and glucose transit into the blood and (2) add fecal weight 

(Whitney and Rolfes, 1996). 

 

1.3 Dietary Fibre Components 

Most fibres are polysaccharides, that is, they are composed of many monosaccharides 

linked together. However, different types of fibres have dissimilar structures. They may be 

composed of different types of monosaccharides and have different bonds. Consequently, these 

differences are likely responsible for the various health effects exhibited by differing fibres 

(Whitney and Rolfes, 1996). 

 

1.3.1 Cellulose 

This is a fundamental component of plant cell walls. It is found in vegetables, fruits and 

legumes (Whitney and Rolfes, 1996). This glucose polymer has 1-4, β-glucoside linkages 

(Figure 1.1) which are not hydrolyzed by human intestinal enzymes. Cellulose has 

intermolecular H-bonds between parallel chains, which is responsible for its crystalline structure, 

and makes it insoluble in water (Oakenfull, 2001; Izydorczyk et al., 2005 and Cui et al., 2011). 

 

 

Figure 1.1: Part of a cellulose molecule with 1 – 4 connected β D-glucose. 

 Fox and Cameron (1991) 
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1.3.2 Hemicellulose 

Hemicelluloses are the primary components of cereal fibres. They are composed of diverse 

monosaccharide backbones; usually xylose, mannose and galactose, with branching 

monosaccharide side chains, which are usually arabinose, glucuronic acid and galactose. Due to 

this compositional diversity, some are soluble while others are insoluble (Whitney and Rolfes, 

1996). In conjunction with pectin, hemicelluloses form the plant cell wall matrix, which 

enmeshes cellulose fibres. Therefore, hemicelluloses are not a precursor of cellulose and are 

broken down more easily than cellulose by microorganisms in the colon (Southgate and Spiller, 

2001). 

 

1.3.3 Pectins 

Pectins are comprised of a carbohydrate backbone with various monosaccharide side 

chains. They are usually in vegetables and fruits, particularly citrus fruits and apples. In the food 

industry they are isolated and used as a thickener, emulsifier and generally control texture and 

consistency (Whitney and Rolfes, 1996). 

Pectins are insoluble in unripe fruits, but soluble in ripe fruits. This solubility gives it the 

ability to form gels in water (Southgate and Spiller, 2001). 

 

1.3.4 Gums 

Intricate polysaccharides composed of many different sugar molecules. They may be 

obtained if the bark of a plant is cut or injured (Southgate and Spiller, 2001). There are also the 

class of gums referred to as mucilage gums, which are extracted from seeds as well as soft stems 

of plants. Mucilage gums include flax mucilage, psyllium and yellow mustard (Izydorczyk et al., 
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2005). Other gums obtained from seeds are guar and locust bean gums (Southgate and Spiller, 

2001), as well as fenugreek gum (FG). These gums are soluble in water and insoluble in organic 

solvents. Although not part of the cell wall structure their indigestibility make them regarded as 

dietary fibre. Guar gum, locust bean gum and gum arabic (acacia) are used as emulsifiers and 

stabilizers in the food industry (Fox and Cameron, 1991; Fennema, 1985). 

 

 

Figure 1.2: The chemical structure of fenugreek gum 

Source Daoyun et al. (2000) 

 

1.4 Properties of Dietary Fibre - Technological Functions 

1.4.1 Water Holding Capacity (WHC) 

When fibre is mixed with water, the ability to hold this water within its matrix is WHC. 

Polysaccharides are hydrophilic and their abundant free hydroxyl groups form hydrogen bonds 

with water. Both soluble and insoluble polysaccharides exhibit WHC, however, soluble fibres, 

for example pectins and gums have a higher WHC than cellulose fibres (Schneeman, 2001; 

Borderias et al., 2005). This property causes an increase in the volume of intestinal contents, 

effectively diluting the concentration of nutrients. Resultantly, absorption of nutrients like lipids 

is slowed. In food media, this property is seen in soluble polysaccharides through gelation 
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(Oakenfull, 2001; Schneeman, 2001). Soluble dietary fibres with a high WHC increase the 

softness of foods, enhance mouth feel, extend shelf-life and function as fat substitutes (Cui et al., 

2011). 

 

1.4.2 Viscosity 

Viscosity is resistance to flow and may occur when particular polysaccharides thicken a 

liquid. The extent of thickening may be affected by the chemical composition of the 

polysaccharides. Gums, pectins, β-glucans and polysaccharides from algae form viscous 

solutions. In the food industry, gums from plants are usually used as thickeners (Schneeman, 

2001; Borderias et al., 2005). 

Glucose absorption in the body seems to be affected by viscosity and guar gum and 

pectin can play a significant role in controlling hyperglycemia. However, fibre viscosity is not 

predictive of glycemic response, as gum acacia augments glucose tolerance although it is not 

viscous (Oakenfull, 2001). 

 

1.4.3 Fermentative Capacity 

By definition, fibre is not digested in the small intestines; however, almost all fibre 

fractions are fermented to some degree by microorganisms in the small and large intestines. 

Soluble fibres such as pectin, gum arabic and guar gum ferment rapidly and disappear almost 

completely in transit. Insoluble fibres like dietary cellulose ferment slowly and in humans 

approximately 40 % of cellulose is broken down. In addition, fermentability seems to be affected 

by physical structure, as fruit and vegetable fibres seem to be more fermentable than those from 

cereals (Oakenfull, 2001). 
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Consumption of dietary fibre leads to an increase in microbial mass. Wheat bran fed to 

young men increased stool weight due to fibre residue, while oat bran increased stool weight due 

to microbial mass (Schneeman, 2001). This fermentative capacity in turn affects the production 

of metabolites, such as short chain fatty acids (SCFA) which are believed to be important in the 

health of the large intestine (Oakenfull, 2001; Schneeman, 2001). 

Dietary fibres, therefore, are composed of varying monosaccharides and structure even 

within the same class. These physical differences may also affect the technological and 

physiological properties of dietary fibre. Consequently, not all soluble and insoluble dietary 

fibres may exhibit the expected properties for the class. Research focused on the benefits of 

dietary fibre may be more pertinent if approached from an interdisciplinary perspective. 

 

1.5 Concerns with Dietary Fibre Consumption 

Some experiments have focused on the glycemic index (GI) of fibre supplemented foods. 

However, the use of the glycemic index is not always beneficial or practical, as foods are 

complex and fat and protein also affect glucose and insulin responses (Makelainen et al., 2007). 

Tuomasjukka et al. (2007) found the addition of fat to rolled oats did not affect glycemic 

response. However, the fat content of this fibre supplemented meal was low (6 grams) relative to 

the corresponding 50 g of available carbohydrate, while studies showing an effect of fat on blood 

glucose and insulin used about 15 g fat per 50 g available carbohydrate. Additionally, 

Moghaddam et al. (2006) showed that there was an effect of fat and protein on glycemic 

responses. These authors proposed the mechanisms for the glucose lowering effect of fat must be 

different from that of protein. Nevertheless it is hypothesized that habitual, long term 
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consumption of high GI foods is correlated with an enhanced risk of chronic diseases like 

obesity, cardiovascular diseases and type 2 diabetes mellitus (T2DM) (Makelainen et al., 2007). 

Nilsson et al. (2007) highlighted that not all fibres are created equal, as differences were 

seen for second meal effects when various fibres were used. They used (1) high glycemic (GI) 

index spaghetti + barley dietary fibre, (2) white wheat bread + barley dietary fibre, (3) low GI 

spaghetti + barley dietary fibre, (4) spaghetti + double amounts of barley dietary fibre (BDF2), 

(5) spaghetti + oat dietary fibre and (6) barley flour porridge. There were no differences in 

fasting blood glucose or serum insulin the morning after consumption of the aforementioned 

products as an evening meal. However, there were differences up to three hours after 

consumption of a standardized breakfast, the day after consumption of the evening meals. 

Spaghetti + BDF2 resulted in a lower blood glucose response than other treatments. These 

authors found these meals resulted in differences in plasma SCFA when acetate, propionate and 

butyrate were measured. They believed the mechanism for the second meal effect was related to 

SCFA production, due to fibre fermentation. 

Concerns about the efficacy of dietary fibre were also found in work conducted by Al-

Delaimy et al. (2006) and Gruendel et al. (2007). The former study showed insulin-like growth 

factor 1, insulin-like growth factor 1 binding protein 1, insulin, glucose and leptin were not 

affected by a reduced fat, high fibre diet after 12 months. Subjects were 200 women assigned to 

a control group, and another 200 women were assigned to an intervention group. Data collected 

indicated the control group consumed fat and dietary fibre at 47 g/day and 20 g/day respectively, 

while the intervention group consumed fat and dietary fibre at 37 g/day and 29 g/day 

respectively. The latter authors found carob pulp, composed mainly of insoluble dietary fibre 

along with polyphenols, increased plasma glucose and serum insulin responses when 
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administered with a glucose load.  These authors attributed these negative effects to the food 

matrix, as when they performed a similar study with food, as opposed to a glucose load, they 

attained the opposite glycemic response. 

 

1.6 Regulatory Issues 

Over the years studies into the health benefits of dietary fibre consumption have shown 

conflicting results. Brennan and Samyue (2004) found in their study in which dietary fibre was 

added to biscuits, that inulin, a β-glucan enriched fraction, a potato fibre and resistant starch 

reduced sugar hydrolysis in vitro. However, there was a small increase in sugar released by 

hydrolysis, as more fibre was included in the biscuit formula. This opposes food research that 

showed increasing fibre reduces sugar evolution. In addition, Frost et al. (2003) found when they 

employed 1.7 g of psyllium fibre in a meal, that despite this being the United States Food and 

Drug Administration (USFDA) level for a health claim, it did not reduce carbohydrate 

absorption. However, Frost et al. (2003) derived positive results on blood glucose and insulin, 

when they employed 5 – 10 g of psyllium fibre in a meal. 

Varied results have led regulatory agencies like the United States Department of 

Agriculture (USDA) and the Canadian Food Inspection Agency (CFIA), to enforce strict 

regulations on claims associated with dietary fibre. Studies must be verified before health claims 

are acknowledged. Still these regulatory bodies are not infallible. Health claims on foods have 

huge implications from an economic perspective for companies, as sales may soar due to the 

competitive advantage. 

According to DeVries (2001) oat bran epitomizes the financial influence of health claims 

on food. The problem though was the array of forms of oat bran given varying production 
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methods. Consequently, a definition for oat bran and its products directly related to its ability to 

reduce the risk of heart disease was imposed. Health Canada approved a risk reduction or 

therapeutic health claim for oat products and blood cholesterol lowering and was very clear 

about the conditions, which must be satisfied to carry the claim, as well as eligible sources of 

beta-glucan oat fibre, being oat bran, rolled oats and whole oat flour (Health Canada, 2010). In 

Canada, a food product is considered a source of dietary fibre when it contains 2 grams per 

serving, high fibre is 4 grams per serving and very high fibre is 6 grams per serving based on 

nutrient content claims from Health Canada.  

The ability for health claims to be made accurately worldwide rests with the 

methodology. DeVries (2001) stated once nutrition labeling is enforced there must be 

appropriate analytical methodologies. This ensures accuracy in labeling by food manufacturers 

and facilitates enforcement authorities ensuring labeling regulations are followed. This approved 

method(s) ideally should be easy to follow, cost efficient and rugged. However, this may not 

always be possible, as in the case of dietary fibre, there are various components associated with 

it, hence analysis is complex. Based on Health Canada the enzymatic-gravimetric methods, i.e. 

AOAC 985.29, 991.42, 993.19, 991.43 and 992.16, although they are approved methods they do 

not quantify oligosaccharides, polydextrose and resistant starch. Therefore, analytical methods 

need to be continually improved to accurately measure all dietary fibre components (Bureau of 

Nutritional Sciences, Food Directorate, Health Products and Food Branch, Health Canada, 2010). 

Methods used for dietary fibre analysis should be inexpensive but still detect different forms of 

dietary fibre such as oligosaccharides, which are not detected by some approved methods.  

To be considered a functional food there should be proven physiological benefits based 

on the criteria of regulatory agencies as companies often realize an economic benefit. Approval 
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for health claims should also consider the effect of processing on the efficacy of fibre, as 

physiological benefits may be compromised by the manufacturing process. Epidemiological 

studies which show an association between dietary fibre intake and health benefits have been 

conducted on whole foods like whole grains, fruits and vegetables. Kritchevsky (2001) proposed 

that further studies are required to determine the active components in these whole foods. Mann 

(2007) stated that epidemiological studies have not determined whether all grains confer the 

same cardioprotection. Furthermore, it is not known which fraction of the grain provides 

protection or whether the structural integrity influences protection. Studies evaluating whole 

foods, which are high sources of total dietary fibre, soluble dietary fibre (SDF) and insoluble 

dietary fibre (ISDF) may have different physiological outcomes, when compared with 

manufactured/ processed foods with the same relative quantities or comparable sources of dietary 

fibre. 

Mann (2007) further stated there may be different physiological effects for whole foods 

such as intact fruits, vegetables and grains when compared to manufactured and functional foods. 

It is not practical to extrapolate findings from epidemiological studies, which are based on 

conventional foods with carbohydrate containing functional and manufactured foods. 

 

1.7 Dietary Fibre Application to Foods 

When applying dietary fibre to foods, an understanding of the technical functionality of the 

fibre is imperative to achieving desired scientific outcomes. If an additional requirement is the 

foods have commercial viability, then regulatory criteria must also be observed. It is appropriate 

for research on functional foods with dietary fibre be structured based on collaborations between 

food scientists and nutritionists. 
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The effect of food matrix, rheology and composition on the physiological effects of dietary 

fibre is complicated and requires an interdisciplinary approach. The harvesting conditions, purity 

and processing conditions for dietary fibre are also just a few factors that may affect rheology 

and physiological results in vitro and in vivo. According to Morgan et al. (1990) the composition 

of a meal in itself is imperative for the effect of dietary fibre on gastric emptying. It is clear that 

the mechanisms governing the physiological effects of dietary fibre are both complex and 

diverse, with even fibres that are structurally similar exhibiting varied outcomes for glucose 

tolerance, gastric emptying and gut hormones.  

 

1.7.1 Breads 

Bread is universal as every culture has its variation of this food item. It is probably one of 

the most researched areas for supplementation with dietary fibre. During the Second World War 

due to the decreased availability of wheat, composite flours were produced to meet demands for 

this food. However, the quality of the finished product was not comparable to 100 % wheat flour 

bread. Rosell et al. (2006) stated fibre addition conferred unacceptable bread through reduced 

loaf volume, increased crumb hardness, darkened crust and flavor changes, which caused 

detrimental effects on consumer acceptance. Due to this, a number of experiments were 

undertaken to determine the optimal percentage of substitution of wheat flour, with flour from 

other sources. It was soon realized that the source of the substituted flour played a major role in 

the percentage used in the composite blend. A number of authors have examined the effects of 

the inclusion of fibre into bread and with increasing evidence of the value of fibre in the diet 

bread is a practical choice for enrichment. 
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1.7.1.1 Organoleptic and Nutritional Implications of Dietary Fibre 

Prasad-Rao et al. (2007) studied the functional properties of non-starch polysaccharides 

(NSP) from rice and ragi. They looked at the effects of these soluble fibre components in their 

native state and after malting. Relative viscosity, farinograph and extensograph characteristics as 

well as bread quality were determined. Bread containing 0.25 % and 0.50 % NSP increased 

water absorption, while decreasing dough development time. There was a significant increase in 

loaf volume and softness. It was determined that due to improvements in bread quality, 

especially from malted samples with 0.50 % concentration, these dietary fibre sources were 

appropriate for supplementation. 

When Abdul-Hamid and Luan (2000) evaluated the functional properties of dietary fibre 

from defatted rice bran, they found substitution of wheat flour at 5 % and 10 % significantly 

reduced loaf volume and increased bread firmness, which is opposite to Rao et al. (2007), and 

may also be a function of dietary fibre substitution level. When dietary fibre is substituted into 

bread the organoleptic, nutritional and physical effects are not consistent among studies.  

Wang et al. (2002) produced bread with 3 % wheat flour substitution, from carob, inulin 

and pea fibre. Despite a reduction in specific loaf volume, these fibres gave softness to the 

breadcrumbs. Sensory evaluation determined that the breads were acceptable. The final dietary 

fibre levels were less than anticipated, but still higher than control levels. Total dietary fibre was 

2.96 %, 5.06 %, 5.14 % and 5.38 % for control carob fibre, inulin and pea fibre breads, 

respectively. These authors noted previous studies also found reduced dietary fibre levels, 

particularly soluble dietary fibre. It was suggested soluble dietary fibre may be hydrolyzed by 

yeast enzymes. Sudha et al. (2007) also found dietary fibre “losses” in biscuit production. 

Control biscuits had 1.6 % total dietary fibre, while biscuits substituted with 30 % oat bran and 
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20 % barley bran had 6.3 % and 9.3 % total dietary fibre, respectively. The biscuit formula 

however did not contain yeast and all studies used AACC and AOAC approved dietary fibre 

methods. 

Brennan and Clearly (2007) highlighted the positive health effects of glucagel, a β-glucan 

isolate from barley, after inclusion in bread. Three breads were tested, a control (no glucagel) 

and breads with 2.5 % and 5 % glucagel. Despite negative alterations to dough quality and 

baking performance, in the fibre supplemented bread, there was a significant decrease in 

reducing sugar released in vitro. However, there was no significant decrease with 2.5 % glucagel 

samples. 

Dietary fibre was also added to biscuits in the forms of inulin, a β-glucan enriched 

fraction (BGEF), potato fibre and resistant starch, at substitution levels for fibre of 2.5 %, 5 % 

and 10 %. Flour pasting properties were influenced by fibre addition. The addition of resistant 

starch reduced the visco-properties of the flour paste, which is probably caused by a reduction in 

gelatinizable starch due to flour substitution. Inulin decreased peak and final viscosity, which 

could occur due to wheat flour substitution causing reduced starch or inhibition of starch 

gelatinization and pasting by soluble fibre. BGEF reduced final viscosity but did not significantly 

change peak viscosity. The higher content of soluble cell wall polysaccharides could have given 

the paste a more elastic characteristic. Conversely, potato fibre increased the visco-properties of 

the paste. This may have been caused by the high water-holding capacity of the fibre and a trend 

to form a networked gel structure (Brennan and Samyue, 2004). 

The degree of starch degradation is associated with reducing sugar evolution during 

digestion, and therefore, the glycaemic response of an individual (Brennan and Samyue, 2004). 

Starch digestibility increased as fenugreek (FEN) flour supplementation level increased. Control 
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biscuits released 34.9 mg maltose per gram meal while soaked and germinated FEN flour 

biscuits released 41.3 mg maltose per gram meal. This form of FEN caused an increase in sugars 

released. However, when Brennan and Samyue (2004) added varying levels of inulin, BGEF, 

resistant starch and potato fibre to biscuits, there was a significant reduction in the extent and 

rate of sugar released on digestion, compared with a control. Despite this, BGEF had a higher 

rate and extent of sugar released compared to other fibres. This could have been caused by 

BGEF containing 60 % starch. These results clearly highlight the different roles played by 

varying forms of dietary fibre. Additionally, as fibre concentration increased, there was a slight 

increase in sugar released (Brennan and Samyue, 2004). The cause of this increase is speculative 

and could be related to dietary fibre or starch, or the interaction of both within the food matrix. 

This gives credence to the need for thorough research into dietary fibre from different sources, 

appropriate dietary fibre levels for positive health effects and the interaction of carbohydrate 

with dietary fibre within a given food matrix. 

 

1.8 The Role of Wheat Starch in Glycemic Response 

The carbohydrate component of wheat is comprised of starch, dextrins, cellulose, 

pentosans, and free sugars. Cellulose and pentosans are removed to a major extent on milling and 

sifting (Amendola and Rees, 2003). Damage occurs to some starch granules during milling. The 

level of damage can be observed by microscopic examination of starch granules. Polarized light 

highlights undamaged starch as birefringent with a characteristic Maltese cross pattern. Damaged 

starch, on the other hand loses its crystalline structure and birefringence (Amendola and Rees, 

2003). 
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Damaged starch has an important function in the structural development of leavened 

breads and batters. Damaged starch is attacked and metabolized first by amylase in yeast 

formulations, resulting in the production of enough simple sugars to provide food for the yeast 

during fermentation. Damaged starch influences dextrin formation during baking, as well as the 

moisture level of the finished product (Amendola and Rees, 2003). However, the catabolism by 

alpha amylase of dough containing high levels of damaged starch could result in sticky crumb 

and weak bread structure. Damage could be evaluated by measuring sugars produced because of 

breakdown by fungal alpha amylase (Dobraszczyk, 1998). 

Food processing, such as milling of wheat or conditions which involve excess water and 

high temperature cause damage to starch, which may facilitate starch gelatinization. Differences 

in hardness in wheat cultivars have also been associated with starch damage during milling, with 

harder grains exhibiting more damage (Zeng et al., 1997). Briefly, gelatinization is the process 

whereby in the presence of water and heat, starch granules lose molecular order exhibited by 

irreversible granule swelling, loss of birefringence and crystallinity, with concomitant viscosity 

development (Liu 2005; Lehmann and Robin, 2007 and Fennema, 1985). When bread is baked, 

starch granules are gelatinized which improves digestibility. In vitro studies have shown wheat 

starch consists of 48 % rapidly digestible starch, while for bread the wheat starch is 90 % rapidly 

digestible, due to gelatinization during bread processing (Liu, 2005). 

In vitro and in vivo physiological studies evaluating the effect of various types of breads or 

fibres effect in baked products should consider the level of damaged starch in the flour. More 

damaged starch present in flour used for baking results in more gelatinization, and therefore, 

improved digestibility. This could be circumvented by using flour with a low extraction rate, as 

the higher the extraction rate of flour from wheat, the more starch will be damaged. The release 
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of sugars from breads or the glycemic effect of foods is, therefore, complicated and focusing on 

dietary fibre characteristics alone may be misleading due to the role of starch in glycemic 

response. Dietary fibres proposed ability to temper starch released is also influenced by starch 

characteristics. Therefore, starch integrity, structure and composition are some characteristics, 

which may influence the physiological effects of dietary fibre. Guar gum is the most extensively 

researched hydrocolloid and studies have shown differences in this dietary fibre and variations in 

carbohydrate characteristics influence physiological outcomes. 

 

1.9 The Physiological and Rheological Effects of Foods Supplemented with Guar Gum 

Guar bean (Cyamopis tetragonoloba) is a legume cultivated principally in India and 

Pakistan and to a lesser extent in the United States. Guar gum is a cold water soluble 

polysaccharide derived from the endosperm of guar beans by extraction. Guar Gum consists of 

galactomannan at a ratio of 2:1 mannose to galactose (M/G) (Kulicke et al., 1996). Generally, 

galactomannans are composed of a mannose backbone or main chain, with galactose residues or 

side chains. Therefore, with respect to guar gum, for every two mannose units there is one 

galactose side chain. There are a number of galactomannans employed industrially, namely tara 

gum with a M/G  ratio of 3:1, locust bean gum with a M/G ratio of 4:1 (Butt et al., 2007 and 

Kulicke et al., 1996) and FG with a M/G ratio of 1:1. Based on these ratios, guar gum is most 

similar to FG than the other aforementioned galactomannans. 

Guar gum is mainly composed of high molecular weight polysaccharides with a 

molecular weight range of 50,000 to 8,000,000 daltons (Kawamura, 2008). Guar gum has a 

plethora of uses, mainly as an additive in the food industry. Typically guar gum is incorporated 

into foods at 1 g/100 g to facilitate gelling, thickening, firming and emulsification of food 
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products (Flammaang et al., 2006). Its high viscosity is a limiting factor for addition to food 

products at levels above 1 % and consequently guar gum may be processed into partially 

hydrolysed guar gum, in order to reduce its viscosity. Guar gum may also be used as a source of 

soluble dietary fibre in food products and has been assessed to be safe at usage levels of 20 

grams per day (Kawamura, 2008; Flammang et al., 2006; Grabitske and Slavin, 2009 and Slavin 

and Greenberg, 2003). 

The high viscosity of guar gum dietary fibre sometimes poses a problem with food 

application at physiologically relevant amounts, based on individual studies, and yet viscosity is 

believed to be the reason for its reduction of postprandial glycemia (Flammang et al., 2006). 

Unfortunately, foods with physiologically relevant quantities of viscous fibres have very low 

consumer acceptability. These foods have a slimy mouth feel and also cause tooth packing. 

These poor qualities can be alleviated by reducing the average molecular weight of 

galactomannans like guar gum. The drawback though is reduction in molecular weight has been 

associated with the loss of clinical efficacy (Williams et al., 2004). Also some processing 

conditions such as high temperatures and wet heat treatment have been found to alter 

physiochemical properties of dietary fibre (Nyman, 2003). 

According to Butt et al. (2007) a number of clinical studies (both long term and short 

term) have shown a reduction in postprandial glycemia and insulinemia following consumption 

of guar gum. The mechanism has been attributed to an increased transit time in the stomach and 

small intestine, which may have been due to the viscosity of the meal hindering the access of 

glucose to the gut epithelium. 

Cui and Roberts (2009) stated that there have been inconsistent results for fibre 

supplemented food, for example the application of β-glucan to bread. These inconsistent results 
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have been attributed to differences in processing conditions of the food and the fibre, variations 

in plant genetics, varied environments during harvesting and the degree of purity of the fibre. 

Purity differences are extremely significant, as the physicochemical characteristics like viscosity 

and molecular weight may be compromised, which may ultimately impact the physiological 

effects of food supplemented with dietary fibre. 

The variation in results for the physiological effects of functional foods and 

nutraceuticals in the literature has serious implications for health claims. Health claims on 

products are now growing in importance for manufacturers because of positive consumer 

perception attributed to these products and a corresponding rapid increase in sales and market 

share for these products. According to L’Abbe et al. (2008) manufacturers are driven to have 

health claims for their food products due to a strong market fuelled by consumers and the media, 

due to the scientific link between diet, health and disease. 

Health claims give manufacturers a competitive advantage and Jew et al. (2008) 

proposed the potential for increased sales due to health claims may translate to a 20 % increase 

in sales. Functional foods and nutraceuticals are more expensive and have higher profit margins 

than corresponding conventional products. An additional incentive for companies to enter this 

market is the estimated demand for these products in Canada is estimated at CAD$ 1-2 billion 

(Wolfe, 2002). 

 

1.9.1 In vitro and Rheological Effects of Guar Gum Supplementation to Foods 

Like dietary fibre, attention is being focused on the carbohydrate content of food, due to 

the postprandial glycemic effect of carbohydrate consumption. The increase in postprandial 

glycemia seen with the ingestion of high carbohydrate and high starch foods has been shown to 
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be tempered by NSP like guar gum, through the alteration of starch hydrolysis. The mechanisms 

for the reduction in starch hydrolysis and ultimately reduced postprandial glycemia are not fully 

understood (Brennan et al., 2008; Brennan et al., 1996). 

For starch to be hydrolysed for glucose liberation, the starch must be converted from its 

native form to the gelatinized form. Gelatinization is the process whereby starch granules swell 

in the presence of moisture and heat. Gelatinization causes melting of the starch crystalline 

network by disrupting hydrogen bonds, resulting in an amorphous material which is susceptible 

to enzymatic hydrolysis. Some foods, like Scottish shortbread, have a low moisture content, 

resulting in limited starch gelatinization on cooking, as the starch remains in its native form, and 

therefore, cannot be digested (Funami et al., 2005; Tester and Sommerville, 2003).  

Guar gum is believed to compete with starch for water in food systems and prevent starch 

gelatinization, by preventing starch from accessing water (Tester and Sommerville, 2003). 

Additional theories have been proposed for reduced starch hydrolysis in the presence of non-

starch polysaccharides like guar gum. One theory is guar gum reduces hydrolysis and hence 

digestion rate by forming a barrier around starch granules, rendering starch resistant to enzymatic 

degradation (Tester and Sommerville, 2003 and Brennan et al., 1996). Therefore, when 

evaluating the postprandial effects of carbohydrate foods containing NSP like guar gum, the 

viscosity and hydrolysis effects (using in vitro starch digestion) may be equally important, to 

gauge the possible benefits in vivo. Brennan et al. (2008) looked at the effects of guar gum, 

locust bean gum and Arabic gum on wheat starch and wheat flour viscosity and their effects on 

in vitro starch hydrolysis. They found both guar gum and locust bean gum elevated the peak and 

final viscosities of the starch and flour pastes, while Arabic gum significantly reduced the 

viscosities of the pastes. Furthermore, guar gum and locust bean gum reduced starch hydrolysis 
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of gels containing wheat flour or wheat starch, while gum Arabic actually enhanced starch 

degradation. These results interpreted in an in vivo perspective indicated the ability of gum 

Arabic to actually increase postprandial glycemia. Brennan et al. (2008) concluded that the 

extent of starch hydrolysis was dependent on viscosity changes seen with the NSP. 

Tester and Sommerville (2003) also found a reduction of starch hydrolysis with NSP 

addition to wheat, normal maize starch and waxy maize starch. This reduction in hydrolysis was 

related to a reduction in water accessibility by starch, but the authors also found NSPs reduced 

the amount of amylose leached from wheat and normal maize starch, while increasing the 

leachate in waxy maize starch. These authors further highlighted the fact that different starch 

sources exhibit varying gelatinization and swelling properties, which may be another factor 

causing differences in published studies evaluating glycemic results. 

Sudhakar et al. (1996) looked at the rheological effects of guar gum and locust bean gum 

on corn starch and waxy amaranth starch. They found peak viscosity and cold paste viscosity 

was higher when guar gum was mixed with amaranth starch than with corn starch. Additionally, 

there seemed to be a stronger synergism between guar gum and starch than locust bean gum and 

starch. Shi and BeMiller (2002) found specific starch-gum pairings caused viscosity increases, 

for example normal corn starch with guar gum, normal corn starch with xanthan gum and waxy 

rice starch with guar gum. The viscosity increasing effects were attributed to amylose-gum 

interactions. Some starch gum pairings resulted in no significant increase in viscosity, for 

example guar gum and tapioca (cassava) starch. These authors also suggested amylose from 

potato and tapioca interacted differently than amylose from cereals. It may also be possible that 

starch from durum wheat and starch from common (bread) wheat may also interact differently 
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with hydrocolloids in food systems, possibly contributing to different glycemic effects of breads 

versus pastas, despite being composed of the same general ingredients. 

Brennan and Tudorica (2008) used durum wheat to produce pasta supplemented with 

dietary fibre (inulin, guar gum, pea fibre, locust bean gum, xanthan gum, bamboo fibre and β-

glucan enriched flour) and determined starch digestibility in vitro. They confirmed all pasta with 

fibre became fully gelatinized. They found soluble dietary fibre, for example guar gum, reduced 

the starch digestion rate, although samples with 2.5 %, 5 % and 7.5 % dietary fibre were not 

significant from each other at 150 or 180 minutes. However, samples containing 7.5 % and 10 % 

dietary fibre had a significantly reduced quantity of starch being digested after 300 minutes, 

when compared to samples containing 2.5 % and 5 % dietary fibre. Additionally, 10 % dietary 

fibre supplemented pasta gave a significantly lower starch hydrolysis when compared with the 

other treatments, a pasta control and a bread reference. SEM data by Brennan and Tudorica 

(2008) indicated the integrity of the starch was seemingly preserved by a continuous protein 

network for the control pasta.  Pastas containing soluble dietary fibre, in addition to the starch 

granules being surrounded by a protein matrix, the starch itself appeared to be encapsulated with 

a mucilaginous like layer.  Brennan et al. (1996) also found this ‘halo’ effect, where guar gum 

seemed to coat starch granules in a bread sample digested by pigs. 

Brennan et al. (2008) evaluated the effects of the addition of dietary fibre (wheat bran, 

guar gum, inulin, hi-maize and swede) at 5 %, 10 % and 15 % on a breakfast cereal before and 

after extrusion. They found the viscosity of the raw product to be higher than that of the extruded 

product, with guar gum exhibiting the highest incremental peak and final viscosities between the 

fibres. In vitro starch digestion of the breakfast cereals compared to a control showed fibre 
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decreased readily digestible starch, while the quantity of slowly digestible starch had increased, 

which may result in blunted postprandial glycemia in vivo. 

FG was used in the studies in this thesis and although not as extensively researched as 

guar gum, many researchers have found benefits in both in vitro and in vivo studies. 

 

1.10 The Potential of Fenugreek (Trigonella foenum-graecum) as a Functional Food and 

Nutraceutical and its Effects on Glycemia and Lipidemia 

FEN (Trigonella foenum-graecum) is usually cultivated in warm climates such as India, 

but crops from the Mediterranean may be successfully grown in Canada due to comparable 

daylight exposure. Based on a monograph from Health Canada, an oral dose of FEN at 2 g of 

powdered seed, 1-3 times per day may be associated with a reduction in blood lipid levels, while 

25 g of powdered seed per day may aid with healthy glucose levels. The health benefits of the 

soluble dietary fibre in FEN from Asia has been studied, but studies are lacking for health 

benefits for FEN from Canada (Saskatchewan Ministry of Agriculture-fact sheet, 2009; Health 

Canada, 2009 and Srichamroen et al., 2008). 

 

1.10.1 Hypoglycemic Effects 

The effect of FEN soluble dietary fibre (SDF) fraction was evaluated in normal, type 1 

and T2DM rats. It was determined that the SDF did not have a hypoglycemic effect on non-

diabetic or diabetic rats in the fasting state, but rather during glucose perfusion. When the SDF 

was introduced to these rats simultaneously with an oral glucose load the SDF significantly 

blunted an increase in serum glucose after 75 minutes in non-diabetic rats and at 30 minutes in 

diabetic rats. Also, the SDF improved glucose uptake by 3T3 adipocytes. When this SDF was 
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given twice daily for 28 days to type 2 diabetic rats there was a 1.5 fold increase in hepatic 

glycogen, which is known to decrease due to diabetes mellitus. Additionally, when the SDF was 

administered orally it caused an increase in residual sucrose in the gastrointestinal tract and 

inhibited disaccharidase (sucrase) enzymes (Hannan et al., 2007). It should be noted that there 

was no difference in pancreatic and serum insulin levels between controls and the SDF fed 

groups. 

Sharma et al. (1996) used FEN seed powder to determine its effects on glycemia and 

insulinemia in 60, T2DM patients. Subjects were administered 25 g of FEN seed powder daily 

for 24 weeks. This resulted in a reduction in blood glucose after a glucose tolerance test as well 

as a reduction in basal blood glucose levels. Urinary sugar and glycosylated hemoglobin were 

also significantly reduced by 13 % and 12.2 %, respectively, in an additional examination of 40 

patients after 8 weeks of FEN seed consumption. Glycemic control in patients corresponded with 

the severity of their diabetes, with mild diabetics no longer requiring drug management. 

In a literature review Srinivasan (2006) stated 100 g defatted FEN seed powder 

consumed daily for 10 days improved glucose tolerance and decreased fasting blood glucose 

levels in type 1 diabetic patients with a concomitant 50 % reduction in urinary glucose excretion. 

When 10 g of the whole seed powder was consumed 3 hours before a glucose load, there were 

significant hypoglycemic effects in diabetic subjects but no effect was seen in healthy subjects. 

These effects of FEN were attributed to its viscous properties causing the inhibition of glucose 

absorption from the small intestine. This hypoglycemic effect seemed to be sustained over the 

study period since the glycosylated hemoglobin concentration was reduced. Additionally, a 

reduction in insulin seemed to reflect improved peripheral glucose utilization and an increase in 

glucose tolerance. Srinivasan also stated when research was conducted on the efficacy of FEN as 



26 

 

a whole seed powder as well as sub fractions and leaves, the hypoglycemic effects were highest 

in the whole seeds, followed by gum isolate, extracted seeds and cooked seeds, with the leaves 

having the weakest effect. 

 

1.10.2 Antidyslipidemic Effects 

Eidi et al. (2007) found an ethanolic extract of FEN decreased total cholesterol and 

triacylglycerol in streptozotocin induced diabetic rats. The mechanisms for these actions were 

not determined but it was proposed that the hypolipidemic effect could be due to the inhibition of 

carbohydrate and fat absorption due to the fibre contained in the extract. When Raju and Bird 

(2006) evaluated the effect of supplementing the diet of Zucker obese rats with 5 % FEN seed, 

there was a reduction in liver weight and less marbling of liver fat when compared to obese 

controls. The liver of the obese controls was pale with cream colored marbling, with greater than 

70 % of hepatic parenchyma containing fatty hepatocytes. Additionally, lean rats were also given 

diets with and without FEN seeds. Obese rats fed FEN had a gross liver appearance compared 

with that of lean rats, with less than 5 % of their hepatocytes containing visible lipid 

accumulation. While FEN treated obese rats had higher plasma triglycerides than obese controls, 

there was a lower level of plasma cholesterol compared with obese controls. FEN did not 

influence these parameters in lean rats. 

Sowmya and Rajyalakshmi (1999) studied the effects of two concentrations of FEN seed 

powder (12.5 g and 18.0 g/ day) on the blood lipid profile of human subjects over a month. They 

found both concentrations caused a reduction in total cholesterol, and a reduction in low-density 

lipoprotein (LDL). According to Srinivasan (2006) there are 12 published studies on the 

hypolipidemic potential of FEN in animals, while there are 5 such studies in humans. Some of 
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the proposed mechanisms for the effects are stimulation of bile formation in the liver and the 

transformation of cholesterol into bile acids, the viscosity of the digest reducing cholesterol and 

bile acid absorption and the production of volatile fatty acids by fibre fermentation, which seems 

to prevent hepatic cholesterol synthesis. 

 

1.11 Summary 

Dietary fibres are not equal as their component monosaccharides, side chains and 

conformation may vary, even within the same class, e.g. soluble dietary fibre. These differences 

affect the functionality of fibre in foods and may also impact physiological benefits. One 

therefore cannot assume that a classification of soluble or insoluble dietary fibre would translate 

into physiological benefits currently associated with the class of fibre. This may be highlighted 

when fibre is added to food, as processing may cause changes such as the depolymerisation of 

dietary fibre. Hence, internationally approved methods for dietary fibre analysis must be able to 

determine all types of dietary fibre, which includes high and low molecular fractions of dietary 

fibre, based on the new international definition for dietary fibre issued by the CODEX 

Alimentarius Commission, during the 30
th

 session in 2008. Fortunately, McCleary et al. (2010) 

published a new method that determines high molecular weight dietary fibre, low molecular 

weight dietary fibre and resistant starch based on the new CODEX definition. 

Dietary fibre may also interact with other food components such as starch, tempering 

starch gelatinization and subsequently glucose liberation during enzymatic hydrolysis of starch. 

The interaction between dietary fibre and starch has also been shown to vary depending on the 

source of the starch, with wheat starch, maize starch, waxy maize starch and tapioca starch 

exhibiting varying gelatinization in the presence of dietary fibre (Tester and Sommerville, 2003; 
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Sudhakar et al., 1996). Furthermore, according to Zeng et al. (1997) there is also variation in 

gelatinization with different cultivars of wheat, which may be related to different amylose 

contents.  

Research on dietary fibre as a nutraceutical is also sometimes applied to functional foods 

and the impact of other associated nutrients is not considered (Mann, 2007) Epidemiological 

studies on whole foods have highlighted an association between dietary fibre and health benefits. 

Health benefits may be realized in the upper gastrointestinal tract, through tempering of glycemic 

response with food consumption. Benefits may also be manifested in the large intestine, through 

the production of SCFA.  

Numerous studies are based on whole foods such as whole grains and not processed foods 

like breads, manufactured breakfast cereals and muffins, while nutrition based studies evaluating 

functional foods usually do not characterize the structure of the dietary fibre used. Food science 

based studies on the other hand, often evaluates food ingredients, or processed foods, without 

evaluating the physiological impact of the ingredients or food. There is a dearth of publications 

assessing foods from a multidisciplinary and integrated perspective, hindering rational food 

design, which may facilitate health beneficial outcomes (Petitot et al., 2009). 

The influence of starch on health, based on the proposed negative, long term effect of high 

glycemic index foods, should encourage research that evaluates dietary fibre, not only as a single 

entity, but also within food. This thesis looked at the effects of applying fibre in the form of FG 

to bread. FEN was obtained from Emerald Seeds Products, a Canadian company that processes 

FEN into various products. The characterisation of Canadian grown and processed FEN is 

prudent, due to the positive benefits associated with this plant from other geographical regions, 

though based on limited published studies. Guar gum which is more similar to FEN than other 
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galactomannans has varied uses in the food industry and exhibits health benefits as a functional 

food and nutraceutical in animal and human studies. 
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2 CHAPTER 2: PURPOSE OF RESEARCH 
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2.1 Purpose of Research 

Bread is a universal product and in many cultures, it is a staple in the diet. According to 

Holm and Bjorck (1992) in many cultures bread is a significant component of the dietary intake 

of both starch and dietary fibre and because conventional white bread is considered a rapidly 

digested food, the metabolic response to this food product may be tempered by viscous dietary 

fibre. Due to the increase in chronic non-communicable diseases (CNCD) worldwide, bread with 

well-characterized dietary fibre may be invaluable as a dietary tool for the management of 

diseases such T2DM, some forms of cancer as well as obesity. While a variety of sources of 

dietary fibre could be considered for this thesis, FG was selected based on the body of research 

worldwide that supports its potential as a positive health addition to foods. In Canada, though 

FEN was introduced by Agriculture and Agri-Food Canada in 1992 and according to 

Srichamroen et al. (2008) FEN has recently been adapted for cultivation in Alberta, the health 

benefits of Canadian grown FEN has not been reported. Consumption of FEN (Trigonella 

foenum-graecum) has been associated with the management of T2DM in clinical studies, but is 

usually employed as a spice in food, so minute amounts are usually consumed. Furthermore, 

food gums are usually employed at a very low percentage, usually less than 1 % in foods due to 

their negative impact on the organoleptic properties of food, especially baked goods. Food gums 

such as guar gum, which is the galactomannan most similar to FG, have shown physiological 

benefits such as the reduction in postprandial glycemia, which has been associated with a 

reduced risk of insulin resistance and T2DM. 
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The objectives of the thesis were:- 

 

STUDY 1 – To investigate whether changes in bread processing would facilitate the 

incorporation of high levels, i.e., 10 % (w/w) FG, while preserving bread quality which is 

comparable to bread with no FG. 

 

STUDY 2 – To investigate the physicochemical effects of FG on bread and to determine whether 

FG would cause a dose-response reduction in glucose released by the in vitro digestion of bread. 

 

STUDY 3 - To investigate the effect of human fecal microbiota on the production of short chain 

fatty acids (SCFAs), through the fermentation of bread and FG. 
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3.1 Abstract 

FG (Ext and NE) was substituted for wheat flour at 0 %, 5 % and 10 % (w/w) and the 

rheological effects and breadmaking characteristics were determined. Bread containing FG at 

5 % and 10 % showed volumes and texture comparable with a control bread. Quality was high 

due to sheeting the dough twice as well as the use of the three-fold-turn puff pastry laminating 

method during processing of dough, instead of the standard rounding of dough. The three-fold-

turn method is believed to have caused a higher incorporation of air into the dough as well as 

facilitated better distribution and incorporation of the FG into bread dough. Extruding FG also 

improved its solubility in bread.  

FG resulted in an increase in dough farinograph water absorption compared with the 

control, but extruding the gum caused an even greater increase in water absorption when 

compared with the NE. The addition of FG to bread dough caused an increase in G' and G". 

Starch pasting using Rapid visco analysis (RVA) showed an increase in peak viscosity, final 

viscosity, breakdown and setback in a dose related response when compared with a control. 

 

Keywords - fenugreek gum; fenugreek bread; puff pastry, three- fold- turn 
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3.2 Introduction 

Various forms of bread are consumed and many people consider it one of the oldest 

processed foods. There are a range of bread varieties due to the ingenuity of bakers and their 

ability to manipulate wheat gluten formed in dough. Gluten protein is a rubbery mass with 

characteristics which allow it to deform, stretch, recover shape and trap gasses. Gluten proteins 

in wheat flour form a viscoelastic network when hydrated by water. Other cereals aside from 

wheat exhibit these characteristics to a lesser extent. However, when fibre is added to bread there 

is dilution of gluten which negatively impacts the bread making ability of the dough (Cauvain, 

1998; Mariotti et al., 2006). 

Despite extensive knowledge of the components of wheat flour, the art and science of 

bread making still poses many challenges. The quantity of water used impacts dough 

consistency, starch gelatinization and the behavior of the protein (gluten), thereby affecting 

crumb formation. The mixing procedure also affects the quality of the bread, with even small 

variations affecting bread quality, while fermentation and proofing influence the specific volume 

of the bread (Sluimer, 2005). The influence of these factors may be exaggerated by the use of 

composite flours for bread making. The literature on composite bread production shows variation 

in processing such as differences in fermentation and proofing, as well as differences in mixing 

(Mariotti et al., 2006). The differences in methods and formulae make it difficult to compare the 

efficacy of different fibres in white bread, as factors such as varying ingredients, and the effect of 

processing may interfere with organoleptic and physiological effects. 

When Abdul-Hamid and Luan (2000) evaluated the functional properties of dietary fibre 

from defatted rice bran, they found substitution of wheat flour at 5 % and 10 % significantly 

reduced bread loaf volume and increased firmness. Another interesting observation was the 

reduction in the quantity of dietary fibre in the end product. It was hypothesized this loss was due 
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to hydrolysis by yeast enzymes, or soluble fibre loss during cooking. Wang et al. (2002) 

produced bread with 3 % wheat flour substitution, by using carob, inulin or pea fibre. Despite a 

reduction in specific loaf volume, these fibres gave added softness to the breadcrumbs. After 

sensory evaluation they determined the breads were acceptable. The final dietary fibre levels 

were less than anticipated, but still higher than control levels. Total dietary fibre was 2.96 %, 

5.06 %, 5.14 % and 5.38 % for control, carob fibre, inulin and pea fibre breads, respectively. 

High fibre diets are gaining importance with researchers due to the association between 

dietary fibre and risk reduction for heart related diseases and diabetes mellitus. Furthermore, the 

addition of fibre to white bread as a functional food has gained importance, one reason being the 

high market share held by bakery products (Cauvain, 1998; Dendy, 1998; Peressini & Sensidoni, 

2009; Wang et al., 2002). Consequently, breads with fibre added as a functional food are 

increasingly being used for evaluation of glycemic and insulinemic responses in human clinical 

trials. Unfortunately, the organoleptic quality of bread with added fibre is sometimes reduced. 

Furthermore, differences in volumes between breads used in human clinical trials may reduce the 

reliability of the results (Burton and Lightowler, 2006; Peressini et al., 2009). 

FG is a soluble dietary fibre which can be incorporated into bread. FEN has multiple uses 

such as a spice, vegetable and medicinal plant. The leaves, seeds (whole and gum), chemical 

fractions such as hydroxyisoleucine as well as its tender shoots have exhibited antioxidant, 

antidiabetic and hypocholesterolemic characteristics. A number of experiments have highlighted 

these benefits in animals and humans (Dixit et al., 2005; Narender et al., 2006). Some studies 

have even likened FEN to antidiabetic drugs such as glibenclamide, insulin, metformin and 

vanadate (Vijayakumar & Bhat, 2008; Vijayakumar et al., 2005). The potential of FEN could be 

significant for the pharmaceutical and food industry due to its proposed dual positive impact on 
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hyperglycemia and hypercholesterolemia. The pharmacological characteristics exhibited by FEN 

in T2DM have been related to its insulin secretagogue actions, its effects on peripheral glucose 

utilization and the action of the gum fibre on the intestines (Vijayakumar et al., 2008). 

The objectives of the present study were 1) to produce high quality bread with FG that is 

comparable to a control in volume, by implementing the most appropriate processing parameters 

for the incorporation of FG into bread, using AACC Method 10-10B with some modifications 

and 2) to evaluate the rheological properties of FEN wheat composite flour dough 

 

3.3 Materials and Methods 

3.3.1 Materials 

Commercial wheat flour was donated by New Life Mills, Hanover, ON Canada. FG was 

donated by Emerald Seed Products Ltd., Avonlea, SK Canada. A portion of the gum was 

extruded based on parameters determined by our previous work. Extruded gum is also referred to 

as (Ext) while donated gum without extrusion is referred to as non-extruded gum (NE). FG was 

milled to pass through a sieve with a mesh of 100 (“Mesh” Series Fisher Scientific Co. U.S.A) 

and blended with wheat flour to give 5 %, 10 % or 15 % wheat flour substitution. 

 

3.3.2 Farinograph Test 

Farinograph tests were conducted on wheat flour with FEN blends of 5 %, 10 % and 15 

% FG substitution (NE and Ext), using a 50 g capacity bowl, according to the AACCI Approved 

Method 54-21. Farinograph water absorption was defined as the amount of water (percentage 

water on 14 % flour moisture basis) required to reach a dough consistency of 500 BU. This 

absorption was then converted to milliliters of water. 
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3.3.3 Dynamic Rheological Measurement 

Rheological measurements were carried out on an ARES Rheometer (TA Instruments, 

New Castle, DE, USA) equipped with a parallel plate with geometry of 25 mm and a 2 mm gap.  

Dough samples were a control (no FG), dough substituted with 5 % and 10 % Ext and NE. 

Dough was produced according to the AACC 10-10B Method and Formula used for bread, but 

without yeast, with mixing times of 9 minutes, 12 minutes and 9 minutes for control, 5 % FG and 

10 % FG doughs, respectively. Water absorption was based on Farinograph values. The dough 

was removed from the bowl, and then a sample was placed between the plates of the rheometer. 

Excess dough was carefully trimmed and the exposed edge immediately coated with mineral oil 

to prevent drying. The samples were rested for 15 minutes before testing. This resting time was 

to ensure the dough was relaxed. A dynamic frequency sweep test was performed at 25 
o
C from 

0.1 to 20 Hz, at 0.6 % strain. Strain range was previously determined as the linear viscoelastic 

range by a dynamic strain sweep test. Data obtained were storage modulus (G'), loss modulus 

(G") and tan delta (δ). Results are the average of duplicates, where each represents separately 

mixed dough. 

 

3.3.4 Rapid Visco Analyzer 

The pasting properties of the wheat flour (control) and wheat flour substituted with 5 % 

and 10 % Ext and NE were determined by a Rapid Visco Analyzer (RVA-4, Newport Scientific 

Inc., Warriewood, Australia). Samples were subjected to standard 1 profile and the computer 

software Thermocline for Windows was used to analyze the pasting profiles obtained. All 

samples were analyzed in triplicate.  
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3.3.5 Baking Procedure 

Control (no gum), 5 % and 10 % Ext and NE composite flour pup breads were produced 

according to AACCI Method 10-10B, with minor modifications to dough processing. Two 

mixers were used, a 100 g micro mixer (National Manufacturing, Lincoln, NE 68508U.S.A, 

Serial # 44942B) and a Hamilton Beach Electrics, Model 63222, 2004, fitted with dough hooks. 

Initially, various mixing times were employed (based on observed dough development while 

mixing, as well as farinograph dough development time), in order to determine the effect of 

mixing time on composite bread quality (Figure 3.1). Consequently, the best mixing times for 

doughs were 9 minutes, 12 minutes and 9 minutes for control, 5 % FG and 10 % FG breads, 

respectively, based on the quality (volume and texture) of breads achieved from employing 

varying mixing times. The quantity of water used for the control and FG breads was based on the 

farinograph absorption. Minor alterations were made to the AACCI 10-10B Method: After the 

first and second punch, instead of rounding the dough, it was laminated by the “three fold turn” 

puff pastry method. For the final sheeting before panning, dough was sheeted twice at 5/16" and 

once at 3/16". Doughs were weighed, as well as breads after cooling, in order to determine 

specific loaf volume. 
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Table 3.1: Water absorption for control and fenugreek gum-substituted dough (No statistics conducted) 

n = 2 

3.3.6 Loaf Volume 

Loaf volume (cubic centimeters) was obtained by rapeseed displacement with a 

Volumeter (National Manufacturing, Lincoln, NE 68508 U.S.A.) according to AACCI Approved 

Method 10-05. Data are reported as the mean of measurements from at least two loaves.  

 

3.3.7 Texture/Firmness of Bread Crumb 

Three slices of bread, each 12.5 mm thick were cut from the central portion of the pup 

bread loaf. Compression tests were performed using the TA.HDPlus Texture Analyzer (Stable 

Micro Systems, Godalming, Surrey, UK) with a 38 mm diameter acrylic cylinder probe. The 

sample was compressed to 40 % of its height using a cross head speed of 1.7 mm/s. The 

compression force value (CFV) was taken at 24 % compression or a compression distance of 

6.25 mm. 

 

3.3.8 Scanning Electron Microscopy 

A scanning electron microscope (Hitachi S-570, Hitachi High Technologies, Tokyo, 

Japan) was used to determine the effect of 5 % Ext and NE on the microstructure of bread, 

compared with the control (47 images were taken). Crumb samples were cut from the centre of 

the bread with a sharp razor blade. Samples were frozen in liquid nitrogen, mounted and sputter 

 

Substitution 

at 0 % 

Control 

Substitution  

at 5 % 

Ext           NE 

Substitution at 10 

% 

Ext          NE 

Substitution at 

15 % 

Ext          NE 

Dough 

Absorption 

(ml of water) 

32.5 41.2 38.5 47.5 44.0 
Dough exhibited 

creeping 
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coated with gold, (Emitech K550 Sputter Coater, Ashford, Kent, UK) Photographic images of 

the specimens were recorded on a Quartz PCI v6.0 (Quartz Imaging Corp., Vancouver, BC, 

Canada). 

 

3.3.9 Statistical Analyses 

All determinations were made in at least duplicate with two determinations per replicate. 

Differences between bread quality parameters were analyzed using Minitab 15 to determine 

mean, standard deviation, standard error of the mean and ANOVA. Mean comparisons were 

made using Tukey’s t-test. 

 

3.4 Results and Discussion 

3.4.1 Dough Properties 

Farinograph water absorption results for Ext and NE were different from each other, and 

control absorption was different from that of the FG samples (Table 3.1). This increase in 

absorption with increasing fibre addition noted in this study is in agreement with work conducted 

by Anil (2007) and Mariotti et al. (2006). Fibre addition may have caused an increase in the 

quantity of hydroxyl groups in the dough, which allows more water to be added, due to hydrogen 

interactions (Anil, 2007). Additionally, Ext also had higher farinograph water absorption than the 

NE. It is proposed that the extrusion process may have caused some conformational changes in 

the gum, whereby there may be more hydrophilic groups exposed for interaction with water. 

Furthermore, work conducted by Hwang et al. (1998) showed an increase in water solubility 

values of apple pomace and onion waste, respectively, with extrusion cooking. Farinograph 

results for the control and supplemented doughs are presented in Figs. 3.1 (a) - (e).  
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(a) Control flour 

 

 

   
 

 
(b) Farinograph Extruded 5 %     (c)  Farinograph Non-extruded 5 % 

 

 

 
 

 
(c) Farinograph Extruded 10 %    (e)  Farinograph Non-Extruded 10 % 

 

 

Figure 3.1a - e: Control and fenugreek composite flour farinographs (n = 2) 
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The farinograph curves are influenced by the protein quality and content (D’Appolonia & 

Kunerth, 1984). However, despite dilution of wheat proteins in composite flours, dough 

development and stability times were increased (5 % and 10 % FG substitution, Fig. 3.1), when 

compared with the control, which should indicate improved dough strength and a resulting 

improved bread making ability. The increase seen in dough arrival and development time is 

likely caused by the slowed rate of hydration and gluten development (Anil, 2007). However, the 

width of the curve at 5 % gum substitution was reduced in the composite doughs, which may be 

an indication of reduced gluten elasticity and dough cohesiveness. In addition, at 10 % gum 

substitution, the farinograph curve was noisy, which may also indicate poor breadmaking dough 

(Anil, 2007; Lazaridou et al., 2007; Mariotti et al., 2006; Wang et al., 2002). Therefore, 

increased dough development and stability times may not solely reflect bread-making quality, as 

the width and smoothness of the farinograph curve may also be predictors. Additionally, a 

number of experiments were conducted using varying dough mixing times. In some cases the 

mixing times used resulted in doughs that could not be used to produce bread. Experiments 

consistently showed observed dough development times of 9 minutes, 12 minutes and 9 minutes 

for control, 5 % FG and 10 % FG, respectively, produced better quality bread, than breads 

produced with mixing times based on the farinograph dough development times. 

 

3.4.2 Rheological Properties 

Flour doughs are classified as viscoelastic materials as they exhibit both viscosity and 

elasticity to a high degree. This viscoelasticity is highly dependent on the gluten proteins, with 

developed doughs showing high elasticity, compared to partially and non-developed doughs. 

Rheological measurements play an important role in relating wheat dough to bread quality (Lee 

et al., 2001; Wang & Sun, 2002). When conducting dynamic rheological tests however, the 
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linear viscoelastic region (LVR) must first be determined for correct evaluation of dough. The 

LVR gives the region where the dough exhibits no deformation at constant frequency (Kulicke et 

al., 1996). In this work, a dynamic strain sweep test was conducted with an initial strain of 

0.007 % to a final strain of 100 %, in order to determine the LVR. Based on this the strain was 

taken as 0.6 %. 

Rheological tests showed there were significant differences between the control dough 

and all FEN composite dough treatments for G' (storage or elastic modulus), and G" (loss or 

viscous modulus), as both factors increased with FG addition (Figs. 3.2a and 3.2b). There was a 

significant difference for G' between the control dough and Ext 5 % dough (p = 0.001); Control 

dough and NE 5 % dough (p = 0.004); Control dough and Ext 10 % dough (p = 0.001) and 

control dough and NE 10 % dough (p = 0.001) The increase in G' is usually indicative of a 

stronger dough (Lazaridou et al., 2007; Peressini et al., 2009). The elastic modulus was higher 

than the viscous modulus and both moduli increased with frequency, suggesting a solid, elastic-

like behavior of the dough. This increase in G' and G" is supported with previous work on 

galactomanans and work by Brennan et al. (2006) on a commercial purified FEN sample, 

Fenulife. However, these authors saw opposite effects with a sample of ground whole seeds of 

FEN, as G' decreased. In the present study the increase in G' for FG dough, compared with the 

control may be indicative of the strengthening effect of the FG in the dough. Liu et al. (2006) 

suggested that yellow mustard mucilage caused a large increase in G' in starch gels, by 

increasing the gel strength, through the formation of a cross linking network. They also stated 

this theory was corroborated with a decrease in tan δ. A decrease in tan δ was also seen in this 

study (Fig. 3.2c). However, the increased strength may also be accomplished by less extensible 

dough, which was corroborated by reduced bread volumes compared with a control before 

lamination of dough was implemented. 
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Figure 3.2a - c: Storage modulus (G’), loss modulus (G”) and tan () of dough control, 5 % and 10 % 

extruded and non-extruded fenugreek versus frequency (Hz). n = 4 (duplicate) 
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There were significant differences in G' between doughs containing 5 % FG and 10 % 

FG. Significant differences were seen between Ext 5 % dough and Ext 10 % dough (p = 0.010); 

Ext 5 % dough and NE 10 % dough (p = 0.004); NE 5 % dough and Ext 10 % dough (p = 0.034) 

and NE 5 % dough and NE 10 % dough (p = 0.013). The differences may be attributed both to 

increased fibre and water levels in the dough. This increase in elastic modulus with increased 

fibre addition is supported by studies conducted by Lazaridou et al. (2007); Liu et al. (2006) and 

Peressini et al. (2009). However, the G' of Ext dough was reduced compared with the NE dough 

at both the 5 % and 10 % substitution levels, which may have been related to Ext dough samples 

containing more water. 

There were no significant differences found between G' values for doughs containing 5 % 

Ext and 5 % NE (p = 0.777), nor between doughs with 10 % Ext and 10 % NE (p = 0.152). It 

must be remembered that the farinograph water absorption was different between Ext and NE 

dough samples, even at the same FEN substitution level (Table 3.1). Therefore, the effect of fibre 

extrusion on dough rheological parameters was investigated (data not shown) by using the same 

quantity of water in doughs containing 5 % Ext and 5 % NE. It was found that both G' and G" 

were substantially different between these samples, as was the tan δ, indicating the extrusion 

process affected the interaction of the gum with the flour in the dough. 

When tan δ was plotted, there were significant differences between the control dough and 

all dough treatments (Fig. 3.2c). Significant differences were found for control and Ext 5 % (p = 

0.001); Control and NE 5 % (p = 0.002); Control and Ext 10 % (p = 0.001) and control and NE 

10 % (p = 0.001). However, there were no significant differences between doughs containing Ext 

and NE at the 10 % FG substitution level (p = 0.199). Tan δ is the ratio of G"/ G' and the 
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stronger a material is, the lower the tan δ. All tan δ values were less than one, similar to results of 

Lazaridou et al. (2007). In the present study tan δ decreased with increased FG addition. 

 

3.4.3 Bread Properties 

Increased dough strength may affect crumb characteristics, such as texture/ firmness, as 

published reports have indicated there is an association between sensory characteristics and 

rheological properties (Kulicke et al., 1996).  The texture/ firmness values of FG breads in initial 

experiments (data not shown), before lamination was implemented were higher than that of the 

control, while the volumes were also lower than the control volume. The texture/ firmness for 

FG breads produced by sheeting twice and lamination of bread dough were not substantially 

different from the control. Texture values (force in grams) were 474, 468, 572, 374 and 569 for 

control, 5 % Ext, 10 % Ext, 5 % NE and 10 % NE, respectively. The texture/ firmness of breads 

containing 10 % FG were higher than the control, although not substantially different. Skendi et 

al. (2010) have proposed an increase in crumb firmness with increased β glucan may be due to 

the fibre’s effect of thickening the walls surrounding the gas cells. 

The baking industry has focused on loaf volume, crumb grain quality and bread texture as 

indicators of bread quality. Loaf volume is dependent on the quantity and quality of the gluten in 

the flour, the increase in gas volume during baking as well as processing conditions (Hayman et 

al., 1998; Shittu et al., 2007; Sluimer, 2005). Loaf volume is also important for glycemic 

response although this seems to be overlooked in human clinical trials. Therefore, in this study 

the production of bread with FG with consistent loaf volume was seen as invaluable, especially 

for future studies evaluating glycemic response. 
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Preliminary experiments with a 100 g micro mixer and a Hamilton Beach Electrics mixer 

indicated the addition of FG substantially reduced loaf volume, when dough was processed 

without lamination, compared with a control, as shown in Tables 3.2 (a) – (c) and Figs. 3.3 (a) 

and (b). This volume reduction with fibre addition is in keeping with work conducted by Cleary 

et al (2007); Park et al. (1997); Sangnark & Noomhorm (2004) and Wang et al. (2002). This 

depression in loaf volume could have been caused by a combination of factors such as the 

dilution of gluten with FG substitution for wheat flour, disruption of the gluten network by the 

gum and the binding of water by the gum resulting in less water available for gluten network 

formation. 

 

Table 3.2a: Effect of mixing times (observed-O and farinograph development time-F) on bread volume (No 

statistics conducted) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preliminary experiments showed control, 5 % FG and 10 % FG produced bread with the highest volumes 

when mixed for 9 minutes, 12 minutes and 9 minutes respectively (all data not shown). n = 3 
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sample 

 

Control 

 

 

Ext 

 

 

NE 

 

 

NE 

 

Fenugreek 

(%) 

 

0 

 

 

5 

 

 

5 

 

 

10 

 

Method 

 

 

Sheet x1 at 5/16" 

9 minutes mixing 

 

Sheet x1 at 5/16" 

18 minutes mixing 

 

Sheet x1 at 5/16" 

15 minutes mixing 

 

Sheet x1 at 5/16" 

12 minutes mixing 

Type of 

Mixing 

 

O 

 

 

F 

 

 

F 

 

 

O 

 

Volume 

(cc) 

 

1025 

 

 

905 

 

 

835 

 

 

825 

 

Specific Volume 

(cm
3
/g) 

 

7.0 

 

 

5.4 

 

 

5.02 

 

 

4.6 
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Table 3.2b: Effect of sheeting on bread volume (No statistics conducted) 
 

 

 

 

 

 

 

 

 

 

 

 

*Experiments were conducted to produce FG breads with volumes comparable with a control. n = 3 

 
Table 3.2c: Effect of sheeting and lamination on bread volume (cc) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Values with the same letters represent no significant difference (p>0.05). n = 6 

Bread 

sample 

Fenugreek 

(%) 

# of Sheeting 

at 5/16” 

Minutes 

Mixed 

Loaf Volume 

(cc) 

Specific 

Volume (cm
3
/g) 

Control 

Ext 

Ext 

NE 

NE 

NE 

NE 

0 

5 

5 

5 

5 

10 

10 

1 

1 

2 

1 

2 

1 

2 

9 

12 

12 

12 

12 

9 

9 

1025 

945 

1000 

905 

980 

870 

960 

7.0 

5.6 

5.6 

5.4 

5.6 

4.7 

5.4 
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Sheet x1 at 5/16" 

9 minutes mixing 

Laminating dough 

 

Sheet x2 at 5/16" 

12 minutes mixing 

Laminating dough 

 

Sheet x2 at 5/16" 

12 minutes mixing 

Laminating dough 

 

Sheet x2 at 5/16" 

9 minutes mixing 

Laminating dough 

 

Sheet x2 at 5/16" 

9 minutes mixing 

Laminating dough 
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9 minutes mixing 

No dough lamination 
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9 minutes mixing 

No dough lamination 

Volume (cc) 
 

 

1035
a 
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e
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3
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6.6 

 

 

 

6.2 
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5.1 
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Composite flour dough had a higher farinograph water absorption attributed to the 

hydrophilic nature of the FG. This higher water content in composite doughs compared to a 

control dough may have resulted in faster starch gelatinization during baking and therefore, 

earlier crumb formation, facilitating volume depression. Early gelatinization of starch from 

different sources has been shown to reduce loaf volume (Cleary et al., 2007; Kusunose et al., 

1999; Park et al., 1997; Skendi et al., 2010; Sluimer, 2005). 

However, when dough was laminated after fermentation and proofing there was an 

increase in bread volume for all treatments studied, as depicted in Table 3.2(c) and Figs. 3.3(c) - 

(e). Bread volumes were not significantly different between control bread and Ext 10 % 

laminated bread (p = 0.95), despite this level of flour substitution with FG. Peressini et al. (2009) 

also showed an increase in bread volume with the addition of Inulin ST, up to a 7.5 % 

enrichment level. However, in their work increasing levels of Inulin ST resulted in reduced water 

absorption, which is in contrast to our work. Additionally, Inulin ST was found to contain 

glucose, fructose and sucrose, which the authors believed may have delayed starch 

gelatinization, thereby facilitating high loaf volumes. 
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(a) Bread (5 % gum) produced using farinograph dough peak time and observed dough development time 

without puff pastry 3-fold turn and sheeted once (control – 9 minutes, extruded – 12 minutes, non-

extruded – 10 minutes, extruded – 18 minutes and non-extruded – 15 minutes). n = 3 

 

    
(b) AACC 10-10B 10 % non-extruded   (c) AACC 10-10B 5 % extruded fenugreek 

(sheeted x1, no puff pastry 3-fold turn).      with puff pastry 3-fold turn and sheeted twice.  

n = 4           n = 6 

 

  
(d) AACC 10-10B 10 % extruded fenugreek  (e) AACC 10-10B of control, 5 % and 10 % 

with puff pastry 3-fold turn and sheeted       non-extruded fenugreek with puff pastry 

twice. n = 6         3-fold turn and sheeted twice. n = 6 

Figure 3.3a - e: Bread produced with extruded and non-extruded fenugreek gum 
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The lamination of dough seemed to have a positive effect on bread volume for all 

composite flour bread samples. When FG breads were produced by sheeting twice and no 

lamination their volumes were not comparable with the control (Tables 3.2b and 3.2c). 

Lamination may have caused better relaxation of the gluten network, similar to the dough 

relaxation it causes in puff pastry production, which contributes to higher baked volumes in this 

pastry. It is also being proposed that this processing method may have caused the gum to better 

dissolve and be distributed within the dough, facilitating improved gluten development. It is well 

established that optimal processing conditions highly impacts final loaf volume (Sluimer, 2005). 

 

3.4.4 SEM Analyzes 

SEM analysis was conducted on control and 5 % FG bread (Ext and NE). These breads 

were produced by the AACCI 10-10 B Method, without modification (that is no lamination or 

sheeting twice) and using observed dough development times of 9 minutes for the control and 12 

minutes for dough with 5 % FG. Bread containing 5 % NE gum showed rods within the bread 

matrix that are believed to be the FG, highlighted in Figs. 3.4(a) - (e). Coincidentally, the breads 

with rods were lower in volume and had rough crusts compared with the 5 % extruded bread, 

which did not show rods on SEM analysis. Brennan et al. (1996) conducted microstructure 

evaluation of bread containing guar galactomannan. The morphology of guar gum flour in their 

work is similar to the morphology of the rods seen in the SEM of NE bread. Both FG and guar 

gum are galactomannans and it is postulated that their characteristics are not completely different 

(Brennan et al., 2006). It is proposed that NE bread, which has lower volumes as previously 

stated, exhibited more rods than that seen in the Ext bread matrix, as the NE galactomannan may 
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have had more difficulty dissolving in the bread matrix, than the Ext galactomannan. Our 

previous work supports this as the Ext had a higher water solubility value than the NE. 
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(a) Control     (b) Extruded  

 
(c) Non-Extruded (x1k) 

  
(d) Extruded    (e) Non-extruded  

 
 

Figure 3.4a - e: Scanning Electron Micrograph of Fenugreek Bread (5 % substitution) 
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3.4.5 RVA 

Rapid visco analysis was conducted to determine the effect of FEN substitution and 

extrusion on pasting characteristics of wheat flour, FG blends at 0 %, 5 % and 10 % FG 

substitution for wheat flour. The addition of gum significantly increased all parameters, (peak 

viscosity, final viscosity, breakdown and setback), in a dose-related response, when compared 

with the control, as seen in Table 3.3. Compared with the control flour there were significant 

differences for peak viscosity and final viscosity for NE 5 % substituted flour (p = 0.001); Ext 

5 % substituted flour (p = 0.001) NE 10 % substituted flour (p = 0.001) and Ext 10 % substituted 

flour (p = 0.001). Significant differences were also seen for breakdown for NE 5 % substituted 

flour (p = 0.001); Ext 5 % substituted flour (p = 0.001); NE 10 % substituted flour (p = 0.001) 

and Ext 10 % substituted flour (p = 0.001) and setback for NE 5% (p = 0.001); Ext 5 % (p = 

0.001); NE 10 % (p = 0.026) and Ext 10 % (p = 0.001). The increase in peak viscosity, final 

viscosity, breakdown and set back was also seen in work by Liu et al. (2003) when 0.2 %, 0.5 % 

and 0.8 % yellow mustard mucilage was added to both wheat and rice starches. The increase in 

breakdown and setback with FG is associated with the higher peak and final viscosities (Fig 3.5), 

in agreement with Brennan et al. (2006). Brennan et al. (2008) also found an increase in wheat 

starch viscosity in the presence of locust bean gum and guar gum. 



56 

 

 
Figure 3.5: Pasting behavior of wheat flour substituted with 5 % and 10 % fenugreek gum (extruded and 

non-extruded). n = 5 (triplicate). 

 

There were no significant differences between the Ext and NE samples at the same 

supplementation level for peak viscosity and final viscosity; despite this, the Ext sample 

consistently gave higher values for final viscosity (Table 3.3). The increase in viscosity seen with 

FG and wheat flour compared with the control may be due to a number of factors, based on 

proposals from previous work with starch and galactomannans. One factor could have been a 

synergistic effect between the gum and the starch in the wheat flour. A synergistic effect could 

be due to an association between amylose and amylopectin and the gum. Other reasons for the 

viscosity increase could be the concentration of the gum in the continuous phase due to starch 

gelatinization, an increase in the starch concentration, competition for water between the gum 
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and starch, as well as a change in starch granule morphology, integrity and quantity of exudates 

from starch (Brennan et al., 2006; Liu et al., 2003; Liu et al., 2006; Sudhakar et al., 1996). 

 

Table 3.3: Partial pasting profile of wheat flour substituted with 5 % and 10 % fenugreek gum (extruded and 

non-extruded) 

 

Sample 

Peak 

Viscosity 

(mPas) 

Final 

Viscosity 

(mPas) 

Breakdown 

(mPas) 

Setback 

(mPas) 

Control 

NE 5 % 

Ext 5 % 

NE 10 % 

Ext 10 % 

2909 

4861
a
 

4774
a
 

6390
b
 

6855
b
 

3469 

4734 

4923 

6103 

6370 

1013 

2134 

1982 

2860
a
 

3255
a
 

1573 

  2007
a,b

 

  2130
a,c

 

    3071
b,c,d

 

2770
d
 

*Within a column, values with the same letters represent no significant difference (p>0.05) 

   n = 5 (triplicate). 

3.5 Conclusions 

The substitution of FG into bread dough at levels of 10 % caused detrimental results to 

baked bread volume, texture and the general appearance. However, a processing procedure was 

implemented whereby dough was laminated by the three-fold-turn puff pastry method and 

sheeted twice, which caused breads containing FG to be comparable with a control, in terms of 

texture and volume. FG bread had higher viscosity, G' and G" than the control. However, work 

needs to be to done to determine the efficacy of the new processing methods for the 

incorporation of high levels (>5 %) of various soluble dietary fibres into bread as well as the 

effect of soluble fibre extrusion on the physical-chemical and physiochemical properties of 

bread.  
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4.1 Introduction 

The rise in chronic non-communicable diseases (CNCD) such as cardiovascular disease, 

T2DM and cancer, have been linked to the over consumption of high fat, high calorie foods. The 

carbohydrate content of foods though is also a cause for concern, due to the high postprandial 

glycemic effect seen with the consumption of foods with high levels of available carbohydrate. 

Studies have shown this elevation of blood glucose may be tempered through the addition of 

dietary fibre to food, particularly viscous soluble dietary fibre. This reduction in glycemic 

response is desirable as elevated postprandial glycemia has been associated with an increased 

risk factor for T2DM (Cui and Roberts, 2009; Brennan and Tudorica, 2008; Brennan et al., 1996; 

Lehmann and Robin, 2007). 

Mechanisms for the beneficial postprandial glycemic effects of soluble dietary fibre have 

been attributed to its viscosity, while viscosity in itself is related to the molecular weight, 

solubility and concentration of fibre when applied to a food product (Cui and Roberts, 2009). 

Polysaccharides are hydrophilic and their abundant free hydroxyl groups form hydrogen bonds 

with water. Therefore, the pH of a medium affects WHC. Both soluble and insoluble 

polysaccharides exhibit WHC, however, soluble fibres, for example pectins and soluble gums 

have a higher WHC than cellulose fibres (Schneeman, 2001; Borderias et al., 2005).  

These properties including viscosity effects cause an increase in the volume of intestinal 

contents. Consequently, absorption of nutrients like glucose and lipids is slowed (Oakenfull, 

2001; Schneeman, 2001). Viscosity is the ability of particular polysaccharides to thicken on 

mixing with liquid. The extent of thickening is affected by the chemical composition of the 

polysaccharides. In the food industry gums from plants are usually used as thickeners 

(Schneeman, 2001; Borderias et al., 2005). 
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Over the years numerous scientists have added high soluble fibre to traditionally low 

fibre foods with detrimental organoleptic results due to the viscous properties of soluble fibre. 

However, great strides have been made and it is not uncommon to have products such as high 

fibre breads (insoluble), yoghurt and cookies. Still, more research is needed in the incorporation 

of various types of dietary fibre into a broad range of foods, in ways that do not interfere with 

palatability, to encourage the consumption of healthy foods. Research is also needed to 

understand exactly what aspects of the process convey exactly health benefits. From a chemical 

standpoint dietary fibre is well understood. However, because dietary fibre polysaccharides are 

complex and their physiological functions and physical properties change in the gastrointestinal 

tract, it cannot be assumed that a compound that is chemically defined as fibre would lend to 

meaningful physiological benefits for consumers (Spiller, 2001). 

Fenugreek (Trigonella foenum-graecum L.) is a legume grown annually and used 

extensively as a spice worldwide. This crop is grown in India, Ethiopia, Egypt and Turkey. In 

India, the seeds are generally used as a spice while in Europe and North America the seeds are 

also used for their pharmaceutical properties. Some medicinal properties attributed to FEN 

include cholesterol lowering, anti-inflammatory and anti-diabetic. These properties have been 

related to components in FEN seeds and leaves such as galactomannans, diosgenin and 

trigonelline (Acharya et al., 2008; Im and Maliakel, 2008 and Emerald Seed Products, 

downloaded 2008). 

In this study, FG (galactomannan), which is the soluble dietary fibre component was used 

to determine its physicochemical effects in bread. It was hypothesized that there would be 

blunted starch digestion of bread containing FG, in a dose response manner. 
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4.2 Materials and Methods 

4.2.1 Bread 

Breads were baked as outlined in our previous work (chapter 3 and Roberts et al., 2012), 

with no FG (control), 5 % and 10 % Ext and NE. Breads were freeze dried, milled and stored in 

air tight containers for RVA and molecular weight analyses, while fresh breads were baked, 

cooled and used for SEM and in vitro starch digestion. 

 

4.2.2 RVA Pasting Properties 

RVA provides information on the rheological properties of starch such as viscosity. The 

pasting properties of the milled breads, that is, control and breads substituted with 5 % and 10 % 

Ext and NE was determined by a Rapid Visco Analyzer (RVA-4, Newport Scientific Inc., 

Warriewood, Australia). Samples were subjected to standard 1 profile and the computer software 

Thermocline for Windows was used to analyze the pasting profiles obtained. All samples were 

analyzed in triplicate.  

 

4.2.3 In vitro Starch Digestion 

In vitro studies were conducted based on the methods of Brighenti et al. (1995) and 

Brennan et al. (2004) with minor modifications. Samples of bread equivalent to 2 grams of 

available starch were weighed. Breads were diluted with 20 ml of 20 mM sodium phosphate 

buffer (pH 6.9) and pre-incubated for 5 minutes with 25 U of human salivary α- amylase per 

gram of starch. This was reduced to pH 1.5 with 8-M HCL. Breads were digested with pepsin 

(from porcine stomach mucosa) 115 U/ g starch for 30 minutes at 37
o
C. The pH of the mixture 

was readjusted to pH 6.9 with 8-M NaOH. This mixture was diluted to 50 ml with sodium 

phosphate buffer and porcine pancreatic α-amylase 110 U/ g starch was added. The mixture was 
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transferred to prepared dialysis tubing, 25 cm strips and 15000 Da. Tubing was placed in 450 ml 

of sodium phosphate buffer for 5 hours at 37
o
C. Containers with tubes were agitated every 15 

minutes to simulate gut movements. Duplicate aliquots (1 ml) were removed every 30 minutes 

for 5 hours, replacing the volume each time with fresh buffer. The collected dialysate was boiled 

for 10 minutes to inactivate the enzymes. All samples were analyzed in duplicate. Samples were 

then analyzed for D-glucose using the megazyme GOPOD assay procedure. 

 

4.2.4 Molecular Mass Distribution 

Size exclusion chromatography (SEC) is a technique used to separate polymers based on 

their molecular size, instead of their chemical properties. Polymer solutions are placed in a SEC 

column and separated based on size, with the larger molecules exiting the column before the 

smaller molecules. Therefore, the retention time or volume of the different fractions from a 

chromatogram gives the molecular mass distribution (Wang and Cui, 2005). The molecular mass 

distribution of the NE, Ext and Ext and NE bread at 5 % and 10 % were evaluated by a high 

performance size exclusion chromatograph (HPSEC) equipped with a refractive index detector 

(RI) (Model Dual 250, Viscotek, Houston, TX, USA). The chromatographic system included a 

Shimadzu SCL-10Avp pump, automatic injector (Shimadzu Scientific Instruments Inc., 

Columbia, MD, USA), and two columns in series: a Shodex OHpak KB-806M (Showa Denko 

K.K., Tokyo, Japan) and an Ultrahydrogel linear (Waters, Milford, CT, USA). The columns and 

RI detector were maintained at 40 °C. The mobile phase was 0.1-M NaNO3, the injection volume 

was 100 μL, and the flow rate was 0.6 mL/min. Each gum sample was solubilized in distilled 

water (90 °C) for 1 h, cooled to room temperature and filtered through a 0.45 μm filter prior to 

injection onto the column. Each bread sample equivalent to 2 mg of FG, including a control (no 
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FG) was heated in 2 ml distilled water to 90 
o
C for 90 minutes in the presence of thermostable α-

amylase and filtered through a 0.45µm filter, prior to injection onto the column. 

 

4.2.5 Scanning Electron Microscopy (SEM) 

Ext and NE flours were prepared according to the method of Brennan et al. (1996). 

Control, 5 % and 10 % FEN bread (Ext and NE) were milled under identical conditions and also 

prepared for microscopy by the method of Brennan et al. (1996). Flours were sprinkled on 

double-sided cellotape, which were stuck to the specimen stubs for the scanning electron 

microscope (Hitachi S-570, Hitachi High Technologies, Tokyo, Japan). The mounted samples 

were then sputter coated with gold (Emitech K550 Sputter Coater, Ashford, Kent, UK) and 

examined in a scanning electron microscope. Photographic images of the specimens were 

recorded on a Quartz PCI v6.0 (Quartz Imaging Corp., Vancouver, BC, Canada).Forty images 

were taken. 

 

4.2.6 Statistical Analyses 

All tests were repeated twice on duplicate samples and differences between bread quality 

parameters were analyzed using SPSS
®
 version 18 to determine mean, standard deviation, 

standard error of the mean and ANOVA. Mean comparisons were made using Tukey’s t-test. 
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4.3 Results and Discussion 

4.3.1 RVA Pasting Properties 

The previous chapter highlighted the pasting effects of flour and flour with FG. In the 

current study pasting of breads, milled into flour was conducted to determine if baking would 

affect pasting characteristics. Pasting properties are usually determined on uncooked flours, to 

gauge flour viscosity behavior during food processing. However, this information may not 

accurately reflect the viscosity profile of cooked products and by extension starch digestion, 

related to viscosity. Therefore, RVA was done on milled breads to determine whether the trend 

of an increase in peak and final viscosity would remain as seen in our previous work on the 

combination of FG and flour, in chapter 3. The viscosity profiles for the combined flour and gum 

from chapter 3 was substantially higher than the current profiles for the milled bread products 

(Table 4.1). This decrease in the viscosity profile for milled breads may be due to gelatinization 

of starch during bread baking (Brennan et al., 2008). Gelatinized starch in the bread may be 

responsible for a reduction in the water binding capacity of the starch on RVA analysis. 

Differences in baking temperature and time of bread have also been shown to affect pasting 

characteristics, with a reduction in peak and final viscosity corresponding with an increase in 

heat damage of the starch granule (Shittu et al., 2007). 

 
Table 4.1: Pasting of bread containing fenugreek gum 
 

Sample 

Peak 

Viscosity 

(mPas) 

Final 

Viscosity 

(mPas) 

Breakdown 

(mPas) 

Setback 

(mPas) 

Control 273 ± 23 463 ± 23 12 ± 4 202 ± 16 

NE 5 %  630 ± 17 964 ± 40 58 ± 6 392 ± 26 

Ext 5 %  754 ± 27 1124 ± 37 107 ± 18 477 ± 24 

NE 10 %  1282 ± 45 1792 ± 40 216 ± 9a 726 ± 26a 

Ext 10 % 1465 ± 66 1996 ± 92 224 ± 26a 755 ± 52a 
*Within a column, values with the same letters represent no significant difference (p>0.05) for triplicate 

measurements. n = 5 
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Bread samples showed a dose response increase in peak and final viscosity (Table 4.1). 

There was significant difference between all milled breads for peak viscosity (p = 0.001) and 

final viscosity (p = 0.001). There was also significant difference between control, NE 5 % and 

Ext 5 % for breakdown (p = 0.001) and set back (p = 0.001). There was no significant difference 

between NE 10 % and Ext 10 % milled breads (p = 0.869) for breakdown, nor was there any 

significant difference for these milled bread samples (NE 10 % and Ext 10 %) for setback (p = 

0.525). Ravindran and Matia-Merino (2009) also reported a dose response increase in viscosity 

when they studied the effects of FEN in soup. The present finding is also similar to work by 

Brennan et al. (2008) on raw and extruded cereal containing guar gum, and Brennan et al. (2006) 

evaluating the pasting characteristics of Fenulife 
®

(FEN extract), in a wheat flour and wheat 

starch base. The finding of an increase in the viscosity of the breads with Ext may be due to an 

increase in the rate of water absorption as highlighted by Chang et al. (2011). However, in 

contrast, Brennan and Cleary (2007) found there was a dose-response reduction in peak viscosity 

and final viscosity when the pasting characteristics of Glucagel
®
 and wheat flour were evaluated. 

They attributed this to limited water availability for starch due to preferential water absorption by 

the Glucagel
®
, which may have resulted in less starch being gelatinized. 

The mechanisms, which may be responsible for the increase in viscosity with 5 % and 

10 % FG bread compared with the control, include an interaction between the FG and leached 

amylose. The concentration of FG in the continuous phase, surrounding the starch granule, or the 

effective concentration of starch itself in the continuous phase due to incompatibility of unlike 

polysaccharides, could also be factors contributing to the increase in viscosity. Brennan et al. 

(2006) stated there may be an interaction between FG and wheat starch as there was an increase 

in viscosity when Fenulife
®

 was substituted for both wheat flour and wheat starch at 1 %, 2.5 % 
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and 5 %. Furthermore, in that study, the viscosity increase was higher with the wheat starch 

samples.  

Breakdown and setback (Table 4.1) also increased in a dose-response manner with 

samples containing Ext. The increase in breakdown for the milled FG bread samples, compared 

to the control, may have indicated starch in the FG breads was more easily disrupted leading to 

reduced stability. According to Funami (2005) this may indicate a reduction in the resilience of 

starch with FG present, to thermal and mechanical treatment. Funami (2005) also proposed that 

there was dissociation of starch and guar through shrinkage of starch and guar on cooling, which 

may be responsible for the breakdown of their starch-guar system. Therefore, the behavior of 

uncooked versus cooked products may be different with RVA analysis. When RVA is conducted 

for ingredient behavior during processing, raw ingredients may be appropriate. However, if RVA 

is conducted for viscosity profiles, which may be related to physiological effects, it may be more 

appropriate to use the cooked food product, in the milled state. 

Starch retrogradation has been associated with resistant starch formation, which may 

attenuate starch hydrolysis. Guar gum was proposed to increase retrogradation of starch at a very 

early stage of storage and this effect was not dependent on molecular weight (Zeng et al., 1997; 

Goesaert et al., 2008; Liu, 2005; Fennema, 1985; Zhang and Hamaker, 2010 and Funami et al., 

2005). Although in the present study breads were milled for RVA analysis, fresh breads were 

used for in vitro starch digestion, to temper the effect of starch retrogradation on digestion. 
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4.3.2 In vitro Starch Digestion 

Breads of comparable volume and texture were subjected to in vitro starch digestion, 

using the same quantity of available starch (2 grams) for the control, 5 % Ext and 10 % Ext 

breads. This was done in an attempt to eliminate variables related to bread structure which may 

influence digestion (Roberts et al., 2011). Juntunen et al. (2003) found dietary fibre in breads did 

not attenuate glycemic response. Jenkins et al. (1983) also found fibre content of breads did not 

attenuate glycemic response, while spaghetti alone caused a reduction in blood glucose. In this 

study, soluble dietary fibre was used instead of insoluble dietary fibre and there were no 

differences in bread structure. Burton and Lightowler (2006) highlighted that peak glucose levels 

and glycemic index varied when breads with the same macronutrient content but different loaf 

volumes were consumed. 

The quantity of glucose liberated from control breads and breads containing 5 % and 10 

% are depicted in Figure 4.1. The addition of FG caused a dose response reduction in glucose 

liberated from breads. This reduction in glucose liberated, with the addition of soluble dietary 

fibre to bread was also shown by Brennan et al. (1996), Brennan and Cleary (2007) and Cleary et 

al. (2007). Proposed mechanisms for the attenuation of glucose released despite the same amount 

of available starch have included the ability of food gums to reduce starch hydrolysis in a food 

matrix, and entanglement of the fibre with starch, causing reduced available starch for enzymatic 

hydrolysis. Guar gum was also proposed to coat starch granules making starch inaccessible to 

enzymes. Viscosity effects have also been related to a reduction in glycemic response in vivo. 

Adding FG to bread did increase viscosity based on RVA pasting comparisons with the control 

bread. Viscosity is dependent on molecular size and distribution of polysaccharides, as well as 

concentration (Wood et al., 2000). Therefore, the current data is limited to demonstrating the 



68 

 

concentration effects of adding FG to bread. Variations in molecular size would give a more 

complete picture of viscosity effects on glucose liberated when FG is added to bread. 

 

 
Figure 4.1: D-glucose released from bread containing 5 % and 10 % fenugreek gum compared with control 

breads.  Error bars show standard deviation. n = 4 (duplicate) 

 

The percentage reduction in glucose liberated for breads containing 10 % Ext was 

significantly different from the control bread. The percentage reduction is similar to results by 

Brennan et al. (2008) with extruded cereal products. In addition, while bread with 5 % Ext at 60 

minutes caused an 8 % increase in glucose liberated compared to the control, thereafter this 

bread caused reductions in glucose liberated. The 10 % Ext bread at 60 minutes resulted in a 

reduction of glucose being liberated of 33 % compared with the control. At 2, 3, 4 and 5 hours of 

digestion there was a reduction in glucose released of 54.2 %, 48.4 %, 51 % and 57.3 %, 

respectively, compared with the control.  
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When Brennan et al. (2008) added 5 % inulin to their breakfast cereal products there was 

a 23% reduction in carbohydrate digestibility, but only a 6 % reduction in carbohydrate 

digestibility when the level of inulin was increased to 15 %. They also reported that 10 % guar 

gum in the breakfast cereal resulted in a 47 % reduction in carbohydrate digestibility at 20 

minutes digestion. FG may, therefore, be as or more efficacious than commonly used soluble 

fibres, employed starch digestion studies. However, both this study and Brennan’s study 

employed an in vitro protocol that did not precisely reflect in vivo conditions, as, for example, 

pancreatic proteases and lipase were excluded, so this data could be strengthened with human 

trials or a more in depth in vitro digestion. If human trials confirm the validity of the in vitro 

starch digestion results reported in figure 4.1 physiological effects from consuming 10 % Ext 

bread may include hypoglycemic effects in T2DM, hypolipidemic benefits as well as 

cardioprotection (Shirani and Ganesharanee, 2008; Rideout et al., 2008). 

 

4.3.3 Molecular Mass Distribution 

The molecular mass of Ext differed slightly from the NE sample (Figure 4.2). Ext was 

slightly degraded, which was also shown in previous work (Chang et al., 2011). The slight 

reduction in molecular mass seen when comparing the Ext with the NE is in keeping with work 

by Ng et al. (1999). Knuckles et al. (1997) indicated that processing such as milling, extraction 

and digestion could cause degradation to β-glucans. It is proposed that the curve for the Ext flour 

may indicate two populations, with a higher molecular mass distribution at approximately 23 

minutes retention time. It is also proposed that there appeared to be a slight ‘lip’ for, the Ext. 

This dispersity may indicate aggregation of the FG resulting in a seemingly higher molecular 

mass population or it may be indicative of a small population of high molecular mass. The 
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proposed ‘lip’ and higher molecular mass may also be related to morphological changes seen in 

SEM analyses. 

 
Figure 4.2: 1

st
 peak (with proposed slight“lip” for pRI) for molecular mass distribution of fenugreek gum and 

breads containing 5 % and 10 % fenugreek gum. (p = extruded gum; s = non-extruded gum; n = 10 % 

extruded bread; j = 5 % extruded bread; h = 10 % non-extruded bread and f = 5 % non-extruded bread). n = 

2. 

 

There seemed to be a slight increase in the high molecular mass fractions for both the Ext 

and NE, when incorporated into bread (Figure 4.3). This may have been a result of minor 

aggregation of the gum or formation of a complex between the FG and components in the dough, 

but breads were processed to remove soluble carbohydrates (the major component). Tosh et al. 

(2003) found in their work on β-glucan that aggregation may have resulted in molecules which 

were too large to be detected by size exclusion chromatography. Molecular mass distribution was 

also conducted for control bread (no FG) and there was no response curve, that is, no mass was 
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detected, indicating soluble carbohydrates were removed. All breads were subjected to α-

amylase enzyme digestion to remove the starch fraction before analysis for molecular mass. 

Knuckles et al. (1997) indicated amylase digestion was necessary for molecular characterization 

of β-glucan. The seemingly higher molecular mass for FG in breads may also be related to the 

higher molecular mass population seen in the curve for the Ext at around 23 minutes. This may 

indicate this higher population is becoming more dominant when the gum is added to bread. 

The consistent molecular mass for the breads containing FG was expected as processing 

conditions for the breads were very controlled. Andersson and Aman (2008), Andersson et al. 

(2004), and Andersson et al. (2009) found reductions in molecular weight of β-glucans in rye 

breads were related to dough mixing time and fermentation time. 

 

4.3.4 Scanning Electron Microscopy (SEM) 

Scanning electron microscopy is usually employed for cereal grain structure and for 

identifying components such as protein and starch microstructural changes, in baked products, as 

well as bread dough structure (Hayman et al., 1998; Hug-Iten et al., 1999). SEM was conducted 

with Ext and NE flour, in order to determine the morphological characteristics. SEM results from 

a previous paper (chapter 3) determined that breads with 5 % FG substituted for wheat flour 

showed rod shaped projections, which we proposed to be FEN. Our current SEM analysis of the 

FEN flour confirmed the FEN was rod-shaped (Fig. 4.3b) and similar to images in work by 

Brennan et al. (1996) on guar galactomannan. 

SEM images also showed morphological differences between the Ext and NE as 

highlighted in Figs. 4.3a and 4.3b. Ext showed some of the galactomannan was not rod shaped, 

but appeared thread-like and elongated, while this morphological characteristic was not found in 
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images of the NE. This morphology appeared similar to that of protein in SEM images of bread 

dough in work by Kim et al. (2003). However, in the present investigation the FG had a very 

small percentage of protein and thus may not account for the frequency of elongation seen. 

Further work will be required through staining of the galactomannan to positively identify the 

component responsible for the morphological difference. 

 

(a) Extruded fenugreek flour 

 

 

 

 

 

 

 

 

 

 

 

(b) Non-extruded fenugreek flour 
 

                      

 
Figure 4.3a - b: SEM images of extruded and non-extruded fenugreek gum flour. 

 

Milled control breads and milled breads with 5 % and 10 % Ext and NE were also 

evaluated (Figure 4.4a-c). In comparing the images of the milled 10 % NE bread versus the 

milled 10 % Ext bread, the starch granules were less visible and seemed more embedded in the 
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surrounding components for the Ext sample. This may be due to morphological changes due to 

extruding FG, which may provide more surface area to surround starch granules. Starch granules 

may, therefore, be less accessible to hydrolysis due to this change. The interaction between 

starch and FG may be significant for starch hydrolysis. A staining technique would need to be 

employed to determine the interactions between FG and starch and whether starch gelatinization 

may be affected by the change in FG morphology. If FG (Ext and NE) temper starch 

gelatinization during baking this could account for the reduced quantity of glucose liberated from 

starch during digestion of bread. Differences in starch hydrolysis if any between Ext and NE 

would also need to be determined to confirm possible physiological benefits of the change in 

morphological characteristics. Preliminary data (not shown) found bread with Ext resulted in 

significantly less starch hydrolyzed than bread with NE. 
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(a) 10 % extruded fenugreek bread (milled)       

 

 

 

 

 

 

 

 

 

 

 

(b) Control bread (milled) 

 

 

 

 

 

 

 

 

 

 

 

(c) 10 % non-extruded fenugreek bread (milled)  

 

 

 

 

 

 

 

 

 
 

S = Starch granules 

Figure 4.4a - c: SEM images of extruded and non-extruded fenugreek gum bread (milled). 

 

S 

S 
S 

S 

S 

S 

S 



75 

 

4.4 Conclusions 

The extrusion of FG caused a morphological change to the gum compared with NE, 

based on SEM data. This morphological change may also be the cause of an increase in 

hydration rate of the gum. To date, no published work has been found on the effect of extrusion 

on soluble dietary fibre by SEM analysis. SEM analysis of milled bread samples also showed 

starch appeared more embedded in samples with Ext than NE. Therefore, extrusion of this 

soluble fibre may cause physical changes with beneficial physicochemical and physiological 

effects based on RVA and in vitro results.  

This study found the addition of Ext to bread caused a dose response reduction in starch 

hydrolysis. In vitro starch digestion of bread may be affected by the extrusion process, possibly 

by an increase in the surface area of the extruded FG which may act as a physical barrier to 

enzymes. The attenuation of glucose released was seen for the 10 % Ext bread at all time points 

but 5 % Ext bread was less effective than the 10 % bread. Bread with Ext gave higher viscosity 

profiles than NE by RVA. 

Molecular mass distributions indicated there were only minor changes to the extruded 

gum compared with the non-extruded gum. A slight increase was seen in the retention time for 

the extruded FG, which corresponded with the peak retention time for FG from bread samples. 

This seemingly higher molecular mass could be due to aggregation of the gum in bread, complex 

formation with other components, or dominance of higher molecular mass fractions in bread. 

This research has given insight into the morphological effects of extruding FG and future 

work is necessary to determine the possible physiological differences of extruded versus non-

extruded FG. Preliminary work not reported in this thesis found the rate of starch digestion was 

significantly higher with NE versus Ext. The extrusion process may cause morphological 
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changes to other types of soluble fibre and the possible implications of this change to 

physiological responses such as glycemic response needs to be determined. 
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5.1 Introduction 

SCFA acetate, propionate and butyrate are proposed to be important by-products of the 

fermentation of dietary components within the human gut. Foods like dietary fibre and 

indigestible proteins that escaped digestion in the small intestine are fermented by the resident 

microflora of an individual’s large intestine. These microflora are considered commensal and are 

believed to reduce the propensity for the development of pathogenic bacteria within the 

microbial niche. This microbial community can reach 100 trillion microbes, comprised of about 

1000 species of bacteria. These are generally anaerobes, of which less than half can be 

successfully cultured outside of the host. It has also been estimated that only 10 % - 50 % of the 

numerically dominant bacterial species from the human gut may be cultivated, while 80 % of 

total gut microbiota cannot be cultured (Macpherson et al., 2005; Gemen et al., 2010; Beards et 

al., 2010; Tuohy et al., 2001 and Marzorati et al., 2010). 

Recently, Murphy et al. (2010) evaluated the finding that obese individuals had a 

microbial community, which was more efficient at harvesting energy from food. They stated that 

the composition of the gut microbiota could change dramatically based on factors such as host 

age and diet. Their work with mice demonstrated while there were changes in microbial 

composition with a high fat diet, these were not associated with energy harvesting and by 

extension development of obesity. Murphy et al. (2010) speculated that a contributing factor to 

obesity may be the quantity of SCFA’s an individual is capable of producing and utilizing 

physiologically rather than the ratios of specific intestinal bacteria. More research is necessary to 

determine whether there is a threshold quantity of SCFA for positive benefits, as butyrate and 

propionate are associated with physiological benefits, but recent research suggests that a person 
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who produces a high quantity of SCFA may be predisposed to become obese (Scharlau et al, 

2009 and Musso et al, 2010). 

The chemical structure of the dietary fibre is critical in the degree to which the gut 

microbiota is able to ferment it. Insoluble dietary fibres, for example cellulose, are usually 

unaltered in the colon and support bulking of stool. In contrast, soluble dietary fibres usually 

ferment rapidly in the proximal colon, which may result in negligible quantities of carbohydrate, 

for bacterial fermentation in the distal colon. Dietary fibre characteristics such as solubility, 

linkage type, chain length and transit time are some factors which influence fermentation rate. 

The fermentability of dietary fibre may affect gut health by facilitating risk reduction of specific 

diseases. Slowly fermentable fibres such as grain fibre may reduce the pH of the distal colon and 

may have antioxidative effects in this section of the gut, while rapidly fermentable fibres may 

protect against inflammatory bowel disease and cancer in the proximal colon (Gemen et al., 

2010; Raninen et al., 2010 and Rose et al., 2010). 

SCFAs may provide energy for bacterial proliferation, curb the effects of diarrhea by 

stimulating the body’s absorption of sodium and water, as well as contribute to ileal motility. 

Investigators have also suggested SCFAs may reduce hypertriglyceridemia and specific SCFAs 

have been associated with certain attributes. Butyrate is believed to provide energy to the colonic 

epithelial cells and may reduce the risk of inflammatory bowel disease and colon cancer. 

Propionate may reduce circulating cholesterol levels through a reduction of the use of acetate as 

a substrate for the synthesis of cholesterol and fatty acids. Both acetate and propionate may also 

provide energy for the heart, brain and muscles. Propionic acid has also recently been found to 

stimulate leptin production in mouse and bovine adipocytes in vitro (Cui and Roberts, 2009; 
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Gemen et al., 2010; Neyrinck and Delzenne, 2010; Rose et al., 2010, Connolly et al., 2010; 

Beards et al., 2010 ; Vogt et al, 2004 and Al-Lahham et al., 2010). 

The dietary fibre FEN in addition to being associated with attenuation of T2DM and 

hypercholesterolaemia, was also found to increase fecal weight and excretion of bile acids and 

cholesterol (Hussein et al., 2011). To my knowledge studies on the SCFA fermentation profile of 

FG using human fecal microbiota have not been published although this type of work has been 

conducted on guar gum and other food gums. This area of study has a number of methodological 

issues, including whether or not combining donor fecal samples could alter the quality of the 

data. Bourquin et al. (1996) found fermentation of pure dietary fibre varied greatly among their 

three donors as did Warnakulasuriya et al. (2008), nevertheless many studies for example, Pylkas 

et al. (2005), Velazquez et al. (2000), Stewart and Rose et al. (2010) Slavin (2006) pooled fecal 

donations used for food substrate fermentation. In addition, other studies (e.g., Wisker et al., 

2000) reported on only the effect of substrates on SCFA accumulation and did not consider 

variation in human donors. This simplified approach was possibly based on the assumption that 

variations in SCFA are based on substrates and not fecal microbiota. Possible variation in 

microbiota among individuals is consistently overlooked even in current studies e.g., Rose et al. 

(2010). The fermentation profiles from these studies may therefore not be indicative of a natural 

ecosystem, but reflect competitively dominant species from one or more donors. Generally, 

SCFAs are believed to be produced at a molar ratio of 60:25:15 of acetate: propionate: butyrate 

in the human colon (Mortensen et al., 1999). This ratio though may not hold true for each 

individual. According to Lim et al. (2005) there is variability among individuals for prevalent 

anaerobic bacteria, which may reflect genetically endowed physiological differences. Hence, 
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mixing fecal donations may result in competitive exclusion, more accurately termed “niche 

exclusion principle.” 

Rose et al. (2007) stated the fermentation profiles of dietary fibres are indispensible for 

the evaluation of optimal fibres for colonic health and that these fermentation profiles may be 

influenced by dietary fibre structure, processing conditions and associated food components. 

However, it is relevant that fermentation profiles may also be based on an individual’s intestinal 

microbiota fingerprint.  

The present study was conducted to determine if there are differences in SCFA 

accumulation between Ext, bread with Ext and a white bread control. In addition, variability 

among donors with regard to the fermentation profiles of these different substrates was also 

investigated. The hypothesis was a donor who habitually consumed FEN would be more efficient 

at harvesting energy in the form of SCFA from bread with Ext and Ext alone, compared to 

donors whose microbiota ecosystem would not have been habitually exposed to this source of 

dietary fibre. 

 

5.2 Materials and Methods 

5.2.1 Substrates 

FG was extruded as outlined by Chang et al. (2011) and a sample used for the 

fermentation along with bread samples. Bread with 10 % Ext and a control bread were produced 

as outlined in chapter 3 Roberts et al. (2012) and frozen at -20 
o
C until required for in vitro upper 

gastrointestinal digestion and fermentation. 
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5.2.2 Donors and Collection Method 

Four healthy, human donors also termed subjects (2 female, white Canadians and 2 male, 

black West Indians) were recruited from the University of Guelph Community, but fresh fecal 

samples were collected from only three donors, (one female Caucasian, subject A, one black 

male of Jamaican heritage, subject B and one black male of Trinidadian heritage subject C, who 

culturally was exposed to FEN) as the fourth donor was unable to provide a sample. All donors 

consumed their normal diet, were older than 18 years, self proclaimed height and had their 

weights and body composition measured by bioelectrical impedance and had not received 

antibiotics at least 6 months before or during the study. The experimental protocol was approved 

by The University of Guelph Research Ethics Board (REB#: 11AP001). All subjects signed an 

informed consent form prior to the start of the experiment. Fresh fecal samples were collected for 

each fermentation experiment. 

 

5.2.3 In vitro Digestion 

In vitro digestion was based on modified versions of Lebet et al. (1998) and Rose et al. 

(2010). FG was an isolated fibre so it was not subjected to in vitro digestion. Scharlau et al. 

(2009) stated when dietary fibre used in fermentation studies are not pure or contain ingredients 

that do not reach the colon, predigestion is necessary, however, dietary fibre substrates that reach 

the colon undigested, can undergo direct simulation of the colon. Consequently, a sample of each 

bread (30 grams of control bread and 10 % Ext bread) was suspended into 200 ml of phosphate 

buffer. Then 0.25 ml of human salivary alpha amylase suspension (20 mg A- 1031 Sigma) was 

added. The pH was adjusted to 2.0 with HCL (5M) and 12.5 ml of porcine pepsin suspension (1 

mg P-7012 Sigma) was added. The breads were incubated at 37 
o
C for 30 minutes. The pH was 
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then adjusted to 6.9 with 8M NaOH, 50 ml of porcine pancreatin suspension (0.5 mg P-7545 

Sigma) was added and this suspension was incubated for 90 minutes. The digested mixture was 

transferred to dialysis tubes (12,000-15,000) molecular weight cut off. The mixture was dialyzed 

against distilled water for 24 hours, and the water was changed every 6 hours. The contents of 

the dialysis tubes were strained through cheesecloth to remove as much liquid as possible and the 

undigested residue as well as the liquid was frozen at -20 
o
C. 

 

5.2.4 In vitro Fermentation 

On the morning of the experiment each donor provided a fresh fecal sample which was 

processed within 15 minutes of defecation. The lid of the container with the fecal donation was 

placed into an anaerobe chamber. Five grams of the feces was weighed and placed into a 

stomacher bag with 50 ml of nutrient media. Nutrient media composition was similar to that used 

by Connolly et al., 2010 with minor modifications. The bag was placed into the stomacher for 1 

minute. The bag was removed and the contents drained into a centrifuge bottle, which was sealed 

with parafilm and centrifuged at 1500 rpm or 230 x g for 10 minutes. The centrifuge bottle was 

returned to the anaerobe chamber. In duplicate 0.05 grams of the previously frozen residue 

(solid) of the digested control bread, digested 10 % Ext bread and FG were weighed into 

different tubes. Five ml of basal media was added to the tubes with substrate as well as a 

negative control. One ml of fecal matter was carefully removed from the centrifuge bottle and 

added to each tube. (Each donation was evaluated separately for its effects on the substrates). 

Tubes were placed into gas jars and incubated at 37 
o
C for 0, 4, 8 and 12 hours. SCFA 

accumulation was determined for each. Copper sulphate was added to stop microbial activity. 
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5.2.5 Bread Composition 

Control bread and 10 % Ext bread were produced, cooled and frozen for 2 months. 

Breads were analyzed for caloric content, total dietary fibre, carbohydrates, fat, protein, moisture 

and ash to determine nutritional composition in comparison to fresh breads. 

 

5.2.6 Short Chain Fatty Acids Analyses 

Gas Chromatography was used to determine changes in SCFA accumulation during the 

fermentation of bread digests and Ext. The method used was based on Vogt et al. (2004) with 

modifications. Samples were vacuum distilled in duplicate by using a 225 µL sample to which 

was added 25 µL internal standard solution consisting of 1.1 mmol methyl butyric acid/L  and 1 

mol [
2
H] formic acid/L (Cambridge Isotopes, Andover, MA). Each distilled sample was then 

injected in duplicate into the gas chromatograph (HP 5890 Series Π, Hewlett, Packard). An 

automatic sampler was used to inject 1 µL aliquots of sample into the gas chromatograph, 

equipped with a direct cool, on column inlet, a polyethylene glycol column (20-30 m x 0.53mm 

x 1.0 µm film; Agilent, 19095F-123, Agilent, Mississauga, Canada), and a flame ionization 

detector. The oven temperature was 80 
o
C until 0.1 minutes after injection, at which time it was 

increased by 10 
o
C/ minute to 125 

o
C. The temperature was then increased by 5 

o
C/ minute to 

135 
o
C, held for 0.1 minute at 135 

o
C and then increased by 15 

o
C/ minute to 165 

o
C and held for 

1 minute. The carrier gas was pure helium at a flow rate of 15 ml/ minute, and the detector was 

supplied with helium at a flow rate of 30 ml/ minute, hydrogen at a flow rate of 30 ml/ minute 

and air at a flow rate of 410 ml/ minute. 
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5.2.7 Statistical Analyses 

Statistical analysis was performed using IBM SPSS Statistics 19. Fermentation data were 

subjected to a one-way ANOVA to determine whether there were significant differences at a 

given fermentation time (0, 4, 8, 12 h) among the three subjects evaluated by using control bread, 

Ext bread and FG as substrates; where appropriate, the least significant difference test (LSD) was 

used for comparison of means. 

One-way ANOVA and the post hoc Tukey test were used to determine the significance 

the donors had on the total SCFA accumulation by substrate. Differences were deemed 

significant when p < 0.05. 

 

5.3 Results 

5.3.1 Bread Composition 

The nutritional compositions of fresh breads were similar to their frozen counterpart, as 

shown in Table 5.1.  

 
Table 5.1: Nutrient composition of study test breads (frozen) compared with fresh breads 
 

Nutritional 

Parameters 

Fresh 

Bread-

Control 

Frozen 

Bread-

Control 

Fresh 

Bread-10% 

Fenugreek 

Gum 

Frozen 

Bread-10% 

Fenugreek 

Gum 

Method of 

Analysis 

Energy (kcal) (/100 g) 303 305 260 267 Calculation 

Fat (g/ 100 g) 4.32 3.86 3.21 3.48 

AOAC 

Gravimetric 

Analysis 

Carbohydrate (g/ 100 

g) 
54.6 55.9 48.5 49.6 Calculation 

Total Dietary Fibre 

(g/ 100 g) 
2.9 3.1 7.1 7.4 

AOAC 991.43, 

985.29 

Protein (g/100 g) 11.54 11.62 9.30 9.46 AOAC 992.15 

Ash (g/100 g) 0.8 0.9 0.6 1.0 AOAC 923.03 

Moisture (g/100 g) 28.8 27.7 38.4 36.5 AOAC 

n = 2 (duplicate) 
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5.3.2 Donors and Total SCFA 

Two male subjects of African-Caribbean ancestry and one Canadian Caucasian were 

recruited for this study. Subject A was the white female, with a self-reported height of 158 cm 

and body mass index (BMI) of 30. Subject B was the black Jamaican with a height of 175 cm 

and BMI of 17. Subject C was the black Trinidadian with a height of 190 cm and BMI of 33. 

Subjects A, B and C were 40, 30 and 26 years of age respectively. Although no food diary was 

compiled subjects B and C self-reported to consume typical Caribbean diets based on their island 

of origin and generally cooked their own meals. The Trinidadian, based on the foods reportedly 

consumed, had FEN in his diet. 

As previously stated, studies evaluating the fecal fermentation profile of various fibre 

substrates usually pool fecal donations, implicitly implying that SCFA accumulation would not 

vary by donor, but only by substrate. The present work found SCFA accumulation varied 

considerably with both donor and substrate (Fig.5.1). For bread control total SCFA (table 5.5), at 

8 h comparing subject C with subjects A and B, gave significant differences (p = 0.001), but 

there was no significant difference between subjects A and B (p = 0.916). However, at 12h there 

were significant differences between all subjects (p = 0.021, comparing subjects C and B and p = 

0.001 comparing subjects C and A). Evaluating total SCFA by subject for Ext bread gave 

significant differences at 8 h for all subjects (p = 0.001). At 12 h there was significant difference 

between subject C and A (p = 0.001), but there was no difference between subjects C and B (p = 

0.803). Differences between donors for the total accumulation of individual SCFAs are 

highlighted in Tables 5.2 – 5.4, while total SCFA accumulation and molar ratios of acetic acid to 

propionic acid are given in table 5.5. Therefore, for the control bread, Ext bread and FG at 8 h 
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and 12 h there were significant differences between donor C (the Trinidadian) compared with 

donors A (the Canadian) and B (the Jamaican).  

 

  
 

 
 
Figure 5.1: Total SCFA accumulation for control bread, extruded bread and fenugreek gum. 
The same symbols indicate a significant difference between subjects. n=3 (duplicate) 
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Table 5.2: Difference in acetic acid accumulation between donors 

 

Substrate  Time Acetic Acid 

  (Hours) Donor A Donor B Donor C 

Bread 

Control 

  

  

4 0.16 ± 0.03
a 0.95 ± 0.11

a 0.66 ± 0.41
a 

8 1.10 ± 0.08
c 0.85 ± 0.03

d 1.64 ± 0.27
cd 

12 3.20 ± 0.43
e 1.74 ± 0.12

ef 1.13 ± 0.07
ef 

Fenugreek 

Bread 

  

  

4 0.87 ± 0.04 0.41 ± 0.06 0.49 ± 0.42 
8 2.45 ± 0.13

g 0.65 ± 0.03
gh 3.29 ± 0.17

gh 
12 3.76 ± 0.44

i 2.32 ± 0.04
i 2.38 ± 0.28

i 

Fenugreek 

Gum 

  

  

4 2.64 ± 0.06
j 2.22 ± 0.06

jk 3.6 ± 0.35
jk 

8 2.67 ± 0.5
l 6.34 ± 0.13

lm 16.1 ± 0.56
lm 

12 6.36 ± 0.3
1o 6.38 ± 0.35

p 11.7 ± 0.26
op 

        

*Within a row, values with the same letters represent significant difference (p<0.05). n=3 (duplicate) 

 
Table 5.3: Difference in propionic acid accumulation between donors  

 

Substrate  Time Propionic Acid 

  (Hours) Donor A Donor B Donor C 

Bread 

Control 

    

4 0.03 ± 0.01
a 0.21 ± 0.02

ab 0.40 ± 0.04
ab 

8 0.25 ± 0.03
c 

0.57 ± 0.02
cd 

0.47 ± 0.06
cd 

12 0.59 ± 0.08
e 

0.95 ± 0.06
ef 

0.53 ± 0.02
ef 

Fenugreek 

Bread 

    

4 0.07 ± 0.01
g 

0.21 ± 0.02
gh 

0.46 ± 0.06
gh 

8 0.54 ± 0.04
i 

0.56 ± 0.01
j 

0.99 ± 0.01
ij 

12 0.76 ± 0.10
k 

1.13 ± 0.01
kl 

0.53 ± 0.02
kl 

Fenugreek 

Gum 

    

4 0.78 ± 0.02
m 

0.82 ± 0.02
n 

1.48 ± 0.06
mn 

8 1.33 ± 0.05
o 

2.59 ± 0.03
op 

16.1 ± 0.34
op 

12 2.46 ± 0.08
q 

3.35 ± 0.15
qr 

19.0 ± 0.35
qr 

          

*Within a row, values with the same letters represent significant difference (p<0.05). n=3 (duplicate) 

 
Table 5.4: Difference in butyric acid accumulation between donors  

 

Substrate  Time Butyric Acid 

  (Hours) Donor A Donor B Donor C 

Bread 

Control 

    

4 0.02 ± 0.0
a 

0.22 ± 0.01
ab 

0.11 ± 0.02
ab 

8 0.04 ± 0.01
c 

0.03 ± 0.03
d 

0.51 ± 0.04
cd 

12 0.62 ± 0.02
e 

0.44 ± 0.03
ef 

0.70 ± 0.03
ef 

Fenugreek 

Bread 

    

4 0.11 ± 0.01
g 

0.05 ± 0.01
h 

0.32 ± 0.05
gh 

8 0.24 ± 0.01
i 

0.06 ± 0.0
ij 

1.03 ± 0.03
ij 

12 0.74 ± 0.03
k 

0.5 ± 0.01
kl 

0.86 ± 0.07
kl 

Fenugreek 

Gum 

    

4 0.26 ± 0.01
m 

0.5 ± 0.01
mn 

0.77 ± 0.03
mn 

8 0.23 ± 0.02
o 

1.06 ± 0.03
op 

2.92 ± 0.14
op 

12 0.50 ± 0.03
q 

0.38 ± 0.04
r 

2.55 ± 0.12
qr 

          

*Within a row, values with the same letters represent significant difference (p<0.05). n=3 (duplicate) 
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Table 5.5: Difference in total SCFA accumulation between donors and ratio of acetic and propionic acids 

(A/P)  

 
Substrate  Time Donor A Donor B Donor C 

  (Hours) 
Ratio 

A/P 

Total 

SCFAs 
SE 

Ratio 

A/P 

Total 

SCFAs 
SE 

Ratio 

A/P 

Total 

SCFAs 
SE 

Bread 

Control 

          
4 5.33 0.21b (0.26) 4.52 1.38b (0.07) 1.65 1.17 (0.24) 

8 4.40 1.39c (0.05) 1.49 1.45d (0.03) 3.49 2.62cd (0.18) 

12 5.42 4.41e (0.26) 1.83 3.13e (0.10) 2.13 2.36e (0.03) 

Fenugreek 

Bread 

          4 12.43 1.05 (0.02) 1.95 0.67 (0.02) 1.07 1.27 (0.26) 

8 4.54 3.23i (0.09) 1.16 1.27i (0.00) 3.32 5.31i (0.11) 

12 4.95 5.26jkl (0.28) 2.05 3.95jk (0.03) 4.49 3.77jl (0.18) 

Fenugreek 

Gum 

          4 3.38 3.68no (0.41) 2.71 3.54np (0.02) 2.43 5.85nop (0.22) 

8 2.01 4.23q (0.04) 2.45 9.99q (0.07) 1.00 35.12q (0.51) 

12 2.59 9.32rs (0.20) 1.90 10.11rt (0.27) 0.62 33.25rst (0.36) 
                      

*Within a row, values with the same letters represent significant difference (p<0.05) n=3 (duplicate) 

Standard error (SE) is shown in parentheses. 

 

For the control bread and fenugreek bread donor A accumulated the most total SCFA at 

12 h, reflected by high acetic acid, as well as a high acetic acid: propionic acid ratio. At 8 h, for 

FG, the sample from the donor of Trinidadian heritage (donor C) accumulated total SCFA 3 

times higher than donor B and 8 times higher than donor A and at 12 h this was 3 times higher 

than donors A and B. The fermentation profile for FG by donor C may produce health beneficial 

effects, based on the acetic acid: propionic acid ratios at 8 and 12 h, when the ratios and not the 

total SCFA are considered. 

 

5.3.3 Acetic Acid 

As reported previously by Ferguson and Jones (2000) acetic acid was the SCFA 

accumulated in the largest quantity, except for donor C. For donor C propionic acid was 

accumulated the most at 12 h for FG (Table 5.3). However, this Trinidadian donor actually 

accumulated significantly more acetic acid (Table 5.2) than the other donors at 8 h (p = 0.001) 

and 12 h (p = 0.001). Comparisons were conducted within subject and between the substrates 
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and acetic acid accumulated at the different time points evaluated. For donor A there were 

substantial differences in acetic acid accumulated with FG and bread substrates (Figure 5.2). FG 

resulted in 2.64 mmol/L, Ext bread 0.87 mmol/L and control bread 0.16 mmol/L of acetic acid at 

4 h. At 12 h acetic acid accumulated with FG was double the quantity accumulated with control 

bread and Ext bread at 6.36, 3.76 and 3.20 mmol/L respectively. 

 

  
 

 

 
 
Figure 5.2: Acetic acid accumulation for control bread, extruded bread and fenugreek gum. 
The same symbols indicate a significant difference between subjects. n=3 (duplicate) 
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There was a significant difference between the acetic acid (Table 5.2) accumulated from 

FG compared to that of the bread substrates at all time points (p ≤ 0.026 for subject A; p = 0.001 

for subject B and p = 0.001 for subject C). At 12 h of fermentation subject A accumulated 3.20, 

3.76 and 6.36 mmol/L of acetic acid for control bread, Ext bread and FG, respectively, subject B 

accumulated 1.74, 2.32 and 6.38 mmol/L of acetic acid for control bread, Ext bread and FG, 

respectively, while subject C at 12 h accumulated 1.13, 2.38 and 11.7 mmol/L of acetic acid for 

control bread, Ext bread and FG respectively. For all subjects the accumulation of acetic acid 

was highest for FG than the Ext and the control breads. 

There was more acetic acid accumulated with donor A for any of the breads than donors 

C and B. However, for FG the efficiency of acetic acid accumulated was far higher with donor C 

than the other donors. These differences in acetic acid accumulated may be a reflection in 

differences in microbial communities and their efficiency with fermenting the substrates. 

 

5.3.4 Propionic Acid 

Consistent with the trend seen for acetic acid there was an increase in propionic acid 

(Figure 5.3) accumulation with an increase in time. FG accumulated a significantly higher 

quantity than the Ext bread and control bread (p = 0.001 for all donors). At 12 h subject A 

accumulated 2.46, 0.76 and 0.59 mmol/L of propionic acid, for the FG, Ext bread and control 

bread, respectively. A significant difference was also found between FG and breads at 4 h (p = 

0.001) with accumulations of 0.78, 0.07, 0.03 mmol/L for FG, Ext and control breads, 

respectively and 8 h (p = 0.001) with accumulations of 1.33, 0.54, 0.25 mmol/L for FG, Ext and 

control breads respectively.  
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Figure 5.3: Propionic acid accumulation for control bread, extruded bread and fenugreek gum.  

The same symbols indicate a significant difference between subjects. n=3 (duplicate) 
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between FG and breads was also seen at 4 h, with accumulation of 0.82, 0.21, 0.21 mmol/L for 
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At 12 h subject C accumulated 19.00, 0.53 and 0.53 mmol/L of propionic acid, for FG, 

Ext bread and control bread, respectively. However, at 8 h of fermentation of Ext bread this 

subject accumulated 0.99 mmol/L of propionic acid, followed by the reduction seen at 12 hours 

(0.53 mmlo/L). The other subjects did not have a reduction of propionic acid accumulated with 

any of the substrates. 

Subject C also accumulated more than 5 times the quantity of propionic acid from FG 

fermentation than other subjects at 8 and 12 h. At 8 h subject A, B and C accumulated 1.33, 2.59 

and 16.1 mmol/L, respectively, while at 12 h subjects A, B and C accumulated 2.46. 3.35 and 

19.00 mmol/L of propionic acid. 

The differences in SCFA profile for FG was most obvious for propionic acid 

accumulated by the microbial community from donor C than other donors. According to 

Ferguson and Jones (2000) fermentation of gums and celluloses produced a higher quantity of 

propionic acid when their 34 carbohydrate sources subjected to fermentation were compared. 

The present study found for the FG the highest level of propionic acid (19 mmol/L) was 

accumulated at 12 h in donor C but acetic acid was accumulated the most at 12 h for donors A 

(6.36 mmol/L) and B (6.38 mmol/L) for the FG. 

 

5.3.5 Butyric Acid 

As expected fermentation of substrates resulted in butyric acid being accumulated the 

least of the three SCFAs. There was a significant difference at all time points between FG and 

bread samples for subject B (p ≤ 0.039) and C (p = 0.001). For subject A there was no significant 

difference between FG and Ext bread at 8 h (p = 0.722). For butyric acid there was less 

accumulation by donors A and B with the FG than with the breads at 12 h. This pattern of 
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accumulation of butyric acid based on substrates is in contrast to acetic and propionic acids. 

However, in contrast to the other donors, the accumulation from donor C’s microbial community 

was highest with FG than bread substrates. Butyric acid was accumulated at 0.38, 0.5 and 0.44 

mmol/L for FG, Ext bread and control bread, respectively, by subject B, while accumulation was 

0.50, 0.74, 0.62 mmol/L for donor A at 12 h. FG, Ext bread and control bread had butyric acid 

levels of 2.55, 0.86 and 0.70, respectively for subject C at 12 h of fermentation.  

 

  
 

 

  
 
Figure 5.4: Butyric acid accumulation for control bread, extruded bread and fenugreek gum.  

The same symbols indicate a significant difference between subjects. n=3 (duplicate) 
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Although no direct comparison can be made for the quantity of SCFA produced in the 

human colon in the current study. Mortensen et al. (1999) stated SCFA are produced at a molar 

ratio of 60:25:15, throughout the human colon. However, in evaluating the original data by 

Cummings et al. (1987), it was found the molar ratios were based on the average of data from 6 

individuals and molar ratios actually varied with individuals. The molar ratios for SCFA for this 

study (Table 5.6) also varied by donors as well as substrate, (and did not comply with the 

60:25:15 ratios). At 12 h accumulation molar ratios for donor A were 73:13:14 for control bread, 

71:14:14 for Ext bread and 68:26:5 for FG; molar ratios for donor B at 12 h were 56:30:14 for 

control bread, 59:29:13 for Ext bread and 63:33:4 for FG; molar ratios for donor C were 

48:22:30 for control bread, 63:14:23 for Ext bread and 35:57:8 for FG. Bourquin et al. (1992) 

found molar ratios for their donors of 66:17:17, 60:25:15 and 65:20:15, indicating a minor 

variation with their donors. 

 

Table 5.6: Molar ratios for three substrates (FG, Ext and control bread) for each of three donors 

 

  
Donor A Donor B Donor C 

Substrate  Time A P B A P B A P B 

Bread 

Control 

4 76 14 10 69 15 16 56 34 10 

8 79 18 3 59 39 2 63 18 19 

12 73 13 14 56 30 14 48 22 30 

Fenugreek 

Bread 

4 83 7 10 61 31 8 39 36 25 

8 76 17 7 51 44 5 62 19 19 

12 71 15 14 59 28 13 63 14 23 

Fenugreek 

Gum 

4 72 21 7 63 23 14 62 25 13 

8 63 31 6 63 26 11 46 46 8 

12 68 26 6 63 33 4 35 57 8 

*A – acetic acid, P – propionic acid and B – butyric acid. n=3 (duplicate) 
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It is noteworthy that the SCFA profiles for each donor was different for FG and FG in 

bread, although the same quantity of FG was fermented for these two substrates. In addition, 

each donor’s microbial community resulted in differences in SCFA accumulated. Subject C was 

the only donor whose butyric acid gave levels higher for the gum than the bread substrates. 

SCFA profiles were, therefore, influenced by both factors being substrate and donor 

 

5.4 Discussion 

5.4.1 Bread Composition 

Breads were frozen and compared with the fresh version to determine if this method of 

storage and time would affect the nutritional composition. Results for breads found the integrity 

of frozen breads were preserved over the storage time. There is a dearth of information on the 

effect of freezing on dietary fibre added to baked goods. Lan-Pidhainy et al. (2007) found 

subjecting muffins to freeze-thaw cycles reduced β-glucan solubility in muffins, Burton and 

Lightowler (2008) found storage, including frozen storage, affected the glucose response of 

human subjects to white bread, while Moriartey et al. (2011) determined that freezing bread with 

β-glucan reduced the solubility of this dietary fibre.  

Test breads were analyzed by Maxxam Laboratories in Mississauga, Ontario. This 

analysis found the caloric content of breads with Ext was reduced, while the total dietary fibre, as 

expected, had increased. This increase though was not commensurate with the quantity of dietary 

fibre added. In this study FG was reduced by 46 % based on the analytical method used. 

McCleary et al. (2010) proposed a new method to quantify all dietary fibre fractions, including 

low molecular weight soluble dietary fibre (LMWSDF). LMWSDF escapes quantification by the 

current approved dietary fibre methods (AOAC 991.43 and 985.29) used for the analysis of 
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dietary fibre content of breads in this study. Praznik et al. (2002) found the hydrolysis of inulin 

soluble fibre depended on the initial degree of polymerization of inulin, with inulins with higher 

degrees of polymerization being less degraded by the baking procedure. They found 

fermentation and baking generally reduced soluble carbohydrates by 10 - 25 %, but loss of inulin 

due to baking was 47 % for a commercial inulin, 43 % for inulin harvested in Spring and 38 % 

for inulin harvested in Autumn. Sudha et al, (2007) based on their reported levels of dietary fibre 

addition to biscuits had a reduction in expected dietary fibre by over 80 % and 55 % for oat bran 

and barley bran respectively.  

As shown in Table 5.1, the nutrient composition of frozen bread with FG did not differ 

significantly from its fresh counterpart. Although the solubility of the FG would not have 

negatively affected the fermentation procedure, it was prudent to ensure there was no difference 

in the quantity of dietary fibre with frozen storage, as fresh breads were not used for the fecal 

substrate fermentation. In addition, studies are typically conducted on the pure dietary fibre only 

but it is important that fermentation studies reflect the carbohydrate diversity of the human diet, 

in order to account for synergistic and antagonistic relationships between carbohydrates 

(Henningsson et al, 2002). This study has added value for this purpose as no published 

fermentation studies were found comparing fibre as a nutraceutical and functional food, i.e. FG 

vs. Ext bread. 

 

5.4.2 Donors and SCFAs 

The present study was not designed to examine individual differences in the responses of 

donors but rather to investigate the fermentation profile of FG as a functional food versus a 

nutraceutical. It was hypothesized that the Trinidadian donor may ferment FG more efficiently 
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though. However, the data were distinctly different for all three donors and provide preliminary 

insight into such factors as traditional diet in the capacity to produce SCFAs in the large 

intestine. Furthermore, fecal donations from the three individuals was not pooled which is 

common in these type of studies. Pooling feces may have resulted in the dominant microbial 

community fermentating the substrates, through niche exclusion. Thus, SCFA profiles would not 

have been a true reflection of the total microbial community of each individual donor. For 

example, had donor C had the dominant microbial community from pooling feces, results may 

have found a high accumulation of SCFA from the fermentation of FG, while if donor A had 

presented the dominant community from pooling feces, then FG would have had a low 

accumulation of SCFA, based on results presented in this study. 

The SCFAs accumulated during fermentation by subject C for FG was significantly 

higher than the other subjects and according to Murphy et al. (2010), and DiBaise et al. (2008) 

this may result in an increase in energy harvest. An increase in harvested energy has been 

associated with obesity in mice and humans in some studies, but with contrasting results in other 

studies. This efficiency in harvesting energy from fibre through the accumulation of unusually 

high quantities of SCFAs has been associated with increased quantities of Firmicutes and 

decreased relative proportions of Bacteroidetes. While, after weight loss, obese persons had an 

increase in the relative proportion of Bacteroidetes and a corresponding decrease in Firmicutes 

(Musso et al., 2010 and DiBaise et al., 2008).  

Subject C (the male, black Trinidadian) did have a body mass index (BMI) of 33, that is 

stage one obesity, and this was higher than the other two subjects. However, subject A (the 

female, white Canadian) accumulated the least quantity of total SCFA but also had a high BMI 

of 30, while subject B (the male, black Jamaican) although healthy had a BMI of 17. It must be 
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recognized that the present sample size is very limited and also that the relative production of 

SCFAs is not the only risk factor for obesity. Thus the presence of obesity (BMI>30) could not 

be the only factor and DiBaise et al. (2008) stated research still needs to determine whether 

differences in gut microbiota may be the cause or result of obesity. 

In the present study microbiota from fecal samples was not cultured but this data might 

have indicated that energy harvesting may also be associated with an individual’s adaptation, 

level of consumption and frequency of consumption of specific dietary fibres. Tilg and Kaser 

(2011) stated the composition of the diet and caloric intake is probably responsible for the 

regulation of intestinal microbial composition and function. The present study was with an in 

vitro protocol, but it is speculated that donor C may possess a microbiota profile adapted to the 

fermentation of FG as FG is widely used in Trinidad as a spice in foods. No food diary was taken 

but this donor did claim to consume a large quantity of East Indian foods which typically contain 

FG. Donor B reported that he consumed typical Jamaican food and prepared most of it himself. 

Donor A was not as specific with her consumption but did state that she consumed healthy foods, 

i.e., high fibre minimally processed foods, when economically feasible. Nam et al. (2011) 

compared the microbial populations of persons from different geographical regions, namely 

Korea, China, Japan and the USA. They found microbial composition varied between countries, 

but persons from the same country also presented with minor variations in microbiota, 

suggesting diet styles and host genetics both played a role in the microbial composition.  

However, given the complexity of the human colonic ecosystem (Freeland et al., 2010) it 

is difficult to determine the exact causes of the difference in SCFA accumulation. Freeland et al. 

(2010) and Wolever et al. (2002) did note, however, that over a period of 9-12 months there is 

adaption by human subjects in terms of an increased efficiency in dietary fibre fermentation. 
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Interestingly, subject C had been residing in Canada for only three months when the donation 

was made while subject B had been residing in Canada for over one year. The period of residing 

in Canada and being exposed to different diet may have contributed to subject B being less 

efficient at fermenting FG. However, compared to subject A, subject B did produce more SCFA 

from fermentation of FG. Freeland et al. (2010) stated the colon is a complex ecosystem due to 

bacterial diversity and when systems of this nature are disturbed re-establishing equilibrium may 

be a time consuming process. It would be worthwhile in the future to evaluate the effect of 

different fibres over time to the energy harvesting efficiency of gut microbiota. This type of 

prebiotic evaluation may be necessary as Lim et al. (2005) stated prebiotics may represent a 

better approach than probiotics for modulating the composition or activity of human microbiota. 

It is important to note that no studies were found which compared in vitro SCFA 

accumulation by human fecal microbiota for dietary fibre processed into a food to that from the 

corresponding dietary fibre alone. Worldwide FEN seed powder is used both as a functional food 

and as a nutraceutical. FEN seeds may be ground and taken orally, the seeds may be sprinkled on 

foods like soup and various parts of the plant may be incorporated into various forms of bread. 

This study highlighted significant differences between a control and FG supplemented bread and 

the FG itself, but significant differences were also found based on the subjects. Thus future 

studies in which subjects consumed a FG fortified food, would have to expect variability in the 

responses and should test for differences in the gut microflora. 

Bourquin et al. (1996) found variability in the fermentation of dietary fibres by their three 

subjects, but they focused their discussion on differences in fibre and not subject variability. 

They did state though that gastrointestinal bacteria may adapt to utilizing specific fibres after a 

period of exposure. There were marked differences in FG fermentation between subject C and 
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the other two subjects, which could be attributed mostly to a difference in propionic acid and to a 

lesser degree to butyric acid. These two SCFAs have received attention for their beneficial 

physiological attributes. This microbiota adaptation may account for the extreme differences in 

propionic acid accumulation from FG of 2.46, 3.35 and 19.0 mmol/L for subjects A, B and C, 

respectively, at 12 hours of fermentation and butyric acid accumulation of 0.05, 0.38 and 2.55 

mmol/L for subjects A, B and C, respectively, at 12 hours of fermentation. All three donors’ 

microbial communities resulted in different quantitative responses. 

Freeland et al. (2010) indicated plasma acetate and butyrate but not propionate, increased 

when humans were fed high fibre diets. This could be due to differences in SCFA production and 

utilization. It would be worthwhile to determine whether a high level of accumulation of SCFA 

in vitro by someone who is adapted to a specific fibre would also translate to high levels in 

serum, compared with an individual who accumulates low levels of SCFA. Peripheral blood 

levels of SCFAs though may not be an indication of colonic production. SCFA may be produced 

endogenously and are taken up by the liver from the portal circulation. Thus a significant amount 

may never enter the peripheral circulation. This is particularly true for propionate, which is also 

believed to regulate cholesterol synthesis (Freeland et al, 2010 and Bourquin et al, 1992). 

Dietary fibres that produce a high level of propionate on fermentation are believed to 

facilitate cholesterol reduction by reducing the incorporation of acetate into cholesterol in the 

liver. Pure FG may therefore contribute to physiological benefits if consumed over time due to 

its potential to produce high levels of propionic acid, when compared to that incorporated into 

breads. Studies have shown propionate is accumulated by bacteroides (Lin et al. 1995; Rose et 

al., 2010; Wolever et al., 2002 and Connolly et al., 2010). Beards et al. 2010 also suggested 

bacteriodes may play a role against obesity.  
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In this study FG and Ext bread resulted in an increase in propionic acid and butyric acid 

accumulation over time, compared with a control bread. Propionic acid and butyric acid have 

been implicated in apoptosis in colon carcinoma cells (Henningsson et al, 2002). According to 

Fastinger et al. (2008) a deficiency in butyric acid accumulation and absorption has been 

associated with ulcerative colitis. Carneiro et al. (2008) also found in piglets that butyric acid 

may improve colonic health by facilitating intestinal colonization by Lactobacillus, to the 

detriment of Escherichia coli. Jenkins et al. (1998) also stated the fecal butyric acid: SCFA ratios 

are believed to be beneficial for colonic health since persons with colon cancer were also found 

to have low fecal butyrate: SCFA ratios. Wolever et al. (1996) found a high level of serum 

acetate relative to propionate was associated with an increase in serum cholesterol in men. 

Although no association was found in women donor A had the highest ratio of acetate to 

propionate, especially for bread substrates. Donor C had the lowest ratio of acetate to propionate, 

especially for FG, while based on final accumulation levels; donor B had the lowest ratio of 

acetate to propionate for Ext bread. FG as a nutraceutical and functional food may have different 

health beneficial effects for different people. 

 

5.5 Conclusions 

Investigators have consistently evaluated the SCFA profile of foods based on fecal 

microbes from one donor or have mixed feces from a number of donors. There is a dearth of 

reports comparing how individuals may influence the in vitro SCFA profile of foods. The SCFA 

profile of dietary fibre is emerging as an important factor in the association of health benefits of 

fibre, and both propionic acid and butyric acid are thought to be beneficial. Dietary fibre has 
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been proposed to have prebiotic qualities by stimulating the proliferation of desirable microbes, 

which reduces the viability of pathogenic microbes.  

This study has found SCFA profiles varied with individuals and substrates. Interestingly, 

the fermentation profile for FG evaluated as a nutraceutical and functional food was different, 

despite using the same quantity of FG. FG resulted in the highest accumulation of SCFAs 

compared with Ext bread and control bread. More propionic and acetic acids were accumulated 

from the fermentation of FG than bread substrates, for all donors. Butyric acid had the highest 

accumulation from the fermentation of Ext bread for donors A and B, while its accumulation was 

highest from the fermentation of FG for donor C. Therefore, it is important to not pool fecal 

donations when conducting in vitro fermentation of substrates, as each individual presents a 

‘fingerprint’ microbial community. Although it was not determined in this preliminary study, it 

may be worthwhile to determine whether SCFA profiles may be influenced by microbial 

adaptation to cultural diet. 
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6.1 General Discussion and Implications 

The aim of this thesis was to characterize the application of FG to bread from Canadian 

grown FEN. Commercial viability of Canadian grown FEN may be improved by characterisation 

in foods and establishment of structure- function relationships, with the ultimate goal being to 

qualify for a health claim from Health Canada and to improve the health of Canadians. The 

incorporation of FG into bread was explored in great detail and the potential of FG to provide 

putative physiological benefits was investigated through two in vitro investigations. The latter 

were deemed to be vital precursors before proceeding with investigating the metabolic effects of 

ingestion of the bread in humans. 

The general hypothesis of the first study was that high levels (>5 %) of soluble dietary 

fibre, in the form of FG could be added to bread without detrimental effects, through alterations 

in bread processing. The levels of dietary fibre were chosen based on the literature for the 

addition of soluble dietary fibre to food. The high viscosity of food gums such as guar gum, has 

hindered its use at physiologically relevant concentrations, which resulted in guar gum being 

hydrolysed to reduce its viscosity before being added to some foods (Redgwell and Fischer, 

2005). Ellis et al. (1981) though found guar bread at substitution levels of 5 %, 10 % and 15 % 

produced positive metabolic responses but were not comparable to control bread based on 

hedonic ranking of likeability by their participants. No further data on organoleptic testing of 

breads were reported by these authors. Dietary fibres, particularly food hydrocolloids are not 

usually incorporated into foods at levels to make a health claim; furthermore, cereal brans have 

caused negative sensory attributes in prepared foods (Redgwell and Fischer, 2005). 

The present work for the first time showed bread with high levels of a very viscous 

dietary fibre could be produced with texture and loaf volume comparable with a control. This is 

significant as Redgewell and Fischer 2005 stated functional foods may be widely accepted and 
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consumed in a broad range of products only when these foods are not compromised in sensory 

appeal. Rao et al. (2007) produced good quality bread with added dietary fibre, but 

supplementation was low (0.25 % and 0.50 %), which may not be physiologically relevant. 

Abdul-Hamid and Luan (2000) added dietary fibre to bread at 5 % and 10 % but there was 

reduced loaf volume and bread firmness, Wang et al. (2002) also produced bread with reduced 

loaf volume when dietary fibre was added to bread at 3 %. This work is therefore a significant 

advancement in the incorporation of soluble dietary fibre into bread. 

Health Canada’s nutrient content claims for fibre states a food product is ‘high in’ or a 

‘high source of’ dietary fibre when 4 g of dietary fibre is in the food and an ‘excellent source’ or 

‘very high in’ dietary fibre when there is 6 g of fibre in the product. This is based on the 

reference amount, or serving size or 100 g serving (pre packaged meals) of the food product 

(Health Canada, 2011). Two slices of bread is approximately 100 g and thus bread with 5 % FG 

and 10 % FG would therefore be classified as a high source and excellent source of dietary fibre 

respectively. The recommended daily fibre intake is 25 g and 38 g for women and men 

respectively. Then a regular diet that included, for example, merely two slices of 10 % FG bread, 

would provide 10 g of fibre, that is, 40 % of the recommended intake for women and 26 % of the 

recommended intake for men. 

Specific requirements for the flour to be used throughout these studies were given to the 

head miller at New Life Mills, Hanover, Ontario. A commercially available customized flour 

blend specifically for the production of bread with added dietary fibre was graciously donated for 

these studies. Farinographic evaluations were critical to the bread development process to 

accurately determine flour water absorption before and after substitution with FG. Formulas 

were developed with and without vital wheat gluten and processing variations. Variations 
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included mixing time, mixing speed, mixer characteristics, proofer temperature and humidity, 

and dough manipulation based on puff pastry production (for breads with no vital wheat gluten). 

This depth of variation in bread processing resulted in a formula and processing method that 

allowed 10 % FG to be substituted for wheat flour without detrimental effects on bread quality, 

compared with a control white bread. 

This study also evaluated the interaction of wheat flour and FG by determining the 

relative viscosity compared to wheat flour alone. The interaction of wheat starch with FG caused 

an increase in viscosity. This type of viscosity increase is usually associated with positive 

physiological benefits such as reduced postprandial glycemia, with proposed mechanisms being 

reduced gastric emptying, reduced accessibility of gastric enzymes to nutrients and slowed 

diffusion rate of nutrients (Zhang and Hamaker, 2009). Viscosity may be related to the 

digestibility of starch in processed foods, but the association between pasting properties and flour 

digestibility is still unclear (Liu et al., 2006). Soluble dietary fibres were found to reduce the rate 

of glucose released from foods, but findings have been inconsistent. 

In some instances, dietary fibre was found to increase glycemic response (Gruendel et al., 

2007). The baking process may also influence viscosity, so scientific data on the raw ingredients 

is not always indicative of the benefits of the final processed food product. In this thesis 

evaluation of the viscosity effect of adding FG to wheat flour was conducted, on both raw flour 

with FG as well as baked breads with FG. There was a reduction in the viscosity profile for the 

breads compared with the raw flours, highlighting the negative effect of processing on viscosity; 

still there was an increase in viscosity over the control breads. According to Holm and Bjorck 

(1992), food processing has affected the glycemic response to high starch foods. Another 

challenge throughout the literature with the efficacy of adding the same dietary fibre to the same 
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food media is the differences in growing, harvesting, processing and storing conditions of dietary 

fibre (Cui and Roberts, 2009) and starch sources (Zeng et al., 1997). All studies conducted for 

this thesis employed Canadian grown FG and Canadian wheat flour. This work found 

establishing ingredient specifications as was done for the flour used in these studies and having a 

consistent soluble fibre product from the same supplier, consistently gave high quality breads 

that attenuated in vitro starch digestion. 

Studies have proposed that the contradictions in glucose released in wheat flour food 

items may be due to differences in the interaction between starch in flour and dietary fibre 

(Brennan et al., 1996, Sudhakar et al., 1996 and Tester and Sommerville, 2003). In this first 

study, the interaction of wheat flour and FG for relative viscosity effects was conducted by RVA 

which employed powdered samples, but the viscosity effect was corroborated with dynamic 

rheological measurements on freshly prepared dough samples. These tests as well as 

farinographic measurements are usually used to provide empirical evidence for the quality of 

flour based food products (Kenny et al., 1999). Based on results from these tests it was 

successfully projected that composite bread of high quality could be produced given ideal bread 

processing conditions.  

A novel method was also developed for incorporation of the FG, which included the three 

fold turn puff pastry method. This study characterized the behavior of the combination of FG and 

wheat flour by farinographic measurements, RVA and dynamic rheological measurements. 

Information from these analyses can now be associated with FG bread that exhibits high loaf 

volume and crumb texture comparable with a control white bread. 

The viscous nature of food gums has resulted in small quantities being used in foods 

(Kawamura, 2008 and Flammang et al., 2006). FG grown in Canada has the potential to be 
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incorporated into a ubiquitous food product such as bread, while maintaining the physical 

characteristics of white bread. However, a vital question that was next addressed was whether or 

not having FG delivered in bread rather than as pure FG has the potential to provide a health 

benefit. This warranted the in vitro evaluation of this composite bread for potential physiological 

benefits. 

The second study hypothesized that the addition of Ext to bread would cause a reduction 

in glucose released, by in vitro starch hydrolysis, compared with a control white bread. Bread 

with Ext was used as higher viscosity was consistently found with these bread samples compared 

with the NE bread samples. RVA of milled bread samples in this study demonstrated a 

substantial reduction in viscosity compared with that found in the initial study (chapter 3) in 

which the wheat flour and FG had not undergone bread processing. This highlighted the 

significance of evaluating foods based on how they are consumed, when possible, for 

physicochemical and in vitro studies. A key finding in the second study was that 5 % and 10 % 

Ext breads reduced the glucose released, with 10 % Ext bread causing a reduction of 42 % at 5 

hours of starch hydrolysis, compared with the control bread. The specific mechanism for this 

proposed viscosity effect cannot be resolved as concentration, molecular weight and dietary fibre 

structure all influence viscosity and all these characteristics would have to be measured in the 

food medium.  

An unexpected and important finding was the change in morphology of FG with 

extrusion. This illustrates how important it is to access the nature of the specific fibre that one is 

studying and this warrants further investigation, especially a comparison of the physiological 

effects of FG before and after extrusion. The higher viscosity results for extruded gum may have 

been influenced by this change in morphology. Furthermore, information is needed on the 
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influence of this change on FG’s influence on starch. This extrusion method may also have 

positive implications on the food and nutrition industries if similar results are achieved with 

other types of dietary fibre. Although not reported in this thesis, preliminary in vitro starch 

digestion did indicate the attenuation of glucose released from starch was higher with Ext bread, 

than NE bread.  

Study 2 also showed 10 % Ext bread caused a reduction in glucose released through in 

vitro starch digestion by over 30 % compared with a control. This reduction in glucose liberated 

was seen despite a lower molecular mass population of the FG in bread, compared to the 

molecular mass distribution for FG alone. Molecular weight was not determined so an 

association between the molecular weight of FG in bread and reduction in glucose released 

cannot be made. However, this change in molecular mass attests to the effect of processing on 

the integrity of dietary fibre, although there were no obvious negative effects of this reduction on 

in vitro starch digestion in this study. 

The results of this in vitro trial demonstrated the potential physiological benefits of 

consuming this functional food. This trial used fresh breads rather than powdered samples in 

order to relate better to how bread is actually consumed. Starch and resistant starch protocols 

were adjusted to conform to testing fresh bread samples, instead of powdered samples, although 

the latter is commonly practised throughout the literature. 

This second study provided several important advances in our knowledge: it proved Ext 

bread reduced in vitro starch hydrolysis compared to control bread. It also showed the raw 

ingredients don’t always reflect the processed food, based on RVA results from this study as well 

as the first study. The work also resulted in the novel finding that the extrusion process resulted 

in morphological changes in the FG. This change in morphology may have caused more FG to 
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surround starch granules in bread, hindering access of enzymes to starch, causing less starch 

hydrolysis. 

Food functionality, especially that of dietary fibres, may also be related to benefits in the 

lower gastrointestinal tract. Studies have found both soluble and insoluble dietary fibres are 

fermented by the resident microbiota of the large intestine causing the accumulation of SCFA. 

This degradation of the dietary fibre is dependant on its structure, physiological and chemical 

characteristics (Warnakulasuriya et al., 2008). SCFA are believed to cause physiological effects 

such as reduced glycemia and insulinemia following a resulting second meal (Zhang and 

Hamaker, 2009) as well as reduced risk for certain types of cancer as a long term effect (Scharlau 

et al., 2009).  

The final in vitro study was conducted to determine possible physiological benefits of Ext 

and bread with 10 % Ext, compared with a control white bread. This study hypothesized that the 

accumulation of SCFA would vary with substrate, and variations would also be based on 

individual donors. It was further hypothesized that a donor who had been exposed to FEN via a 

cultural diet would be more efficient at fermenting FG. This study was unique in its protocol 

design as soluble dietary fibre (FG) was evaluated as both an isolated dietary fibre and as a 

dietary fibre processed into food. Evaluations were also based on individual donors, as fecal 

donations were not combined and it was proposed that the Trinidadian donor’s microbial 

community would be more efficient at fermenting FG than the other donors (Canadian and 

Jamaican). 

A novel finding in this study was that the in vitro accumulation of SCFA is not only 

dependant on the substrate fermented but also the donor. Many in vitro fermentation studies have 

evaluated SCFA accumulation using either one fecal donor or mixed faeces from multiple donors 
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(Mc Burney and Thompson, 1987; Ferguson and Jones, 2000 and Stewart and Slavin, 2006). The 

effect of the niche exclusion principle was not considered in studies with mixed fecal donations. 

Published studies highlighting the benefits of specific foods on the accumulation of SCFA may 

therefore not be reflective of a natural ecosystem, but one artificially generated due to 

competitive exclusion (Lim et al., 2005).  

This thesis showed that FG may have potential as a nutraceutical due to the high levels of 

propionic and butyric acids accumulated (especially in relation to the formation of acetic acid) as 

the FG is fermented. Wolever et al. (1996) found high serum acetate to propionate ratio in men 

may be associated with an increase in serum cholesterol. It was suggested that propionate may 

reduce the ability of the liver to use acetate for fatty acid and cholesterol synthesis, by inhibiting 

acetyl CoA synthesis. Jenkins et al. (1998) also stated there seemed to be an association between 

colon cancer and reduced butyrate: SCFA ratios. 

Ext and breads (10 % Ext and control) all produced different SCFA profiles. FG 

consistently had a higher accumulation of propionic acid and acetic acid than Ext bread and 

control bread. The fact that there was a difference in the SCFA profile between the FG and Ext 

bread is particularly interesting since studies similar to this such as those by Stewart and Slavin 

(2006), Warnakulasuriya (2008) and Connolly (2010) employed only dietary fibres and not 

functional foods as consumed. The present results indicate a serious limitation of these previous 

investigations, namely that dietary fibre and dietary fibre processed into foods may not have the 

same SCFA profile and consequently may not have the same physiological benefits. 

The differences in SCFA profiles based on the microbial communities from each donor 

may also be significant in recommending dietary fibres for physiological benefits from SCFA. 

This study found the Trinidadian donor, who culturally has been exposed to FG in the diet, 
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consistently accumulated a significantly larger quantity of all the SCFA from the fermentation of 

FG, than the other two donors. Furthermore, this donor’s SCFA profile was the most conducive 

to possible physiological health benefits from FG consumption, based on the ratio of acetic acid 

to propionic acid and butyric acid to the total SCFA. While this aspect of the work was 

preliminary, it does identify a second serious limitation of previous work that pooled fecal 

samples from several donors. The present findings also present the question of whether habitual 

consumption of FG over extended periods, by persons who have not previously consumed this 

soluble dietary fibre, would cause adaptation of microbial communities or microbial behavior, 

such that high levels of propionic and butyric acid would be accumulated. This would provide 

the putative benefit of a reduction in the ratio of acetic acid to propionic acid and butyric acid, 

which have been associated with health benefits such as reduced risk for some cancers.  

Another issue raised in the literature is the effect of carbohydrate fermentation on obesity. 

Although not a focus of this thesis the efficiency with which an individual converts inaccessible 

carbohydrates to SCFA may affect body weight. The efficiency of extracting calories from 

dietary fibre may be influenced by one’s habitual intake which may be based on geographical 

location and accessibility to particular dietary fibres. It is an interesting observation that the 

donor whose sample produced the greatest SCFA also had the highest BMI. 

Health Canada (2010) stated the energy content of foods is affected by dietary fibre, 

through the accumulation of SCFA. Food manufacturers in Canada were required to label dietary 

fibre as providing 4 kcal/ g, with the exception of wheat bran (2.4 kcal/ g), inulin (2.2 kcal/ g), 

fructooligosaccharides (2.0 kcal/ g) and polydextrose (1 kcal/ g). Health Canada has recently 

approved a policy change to label dietary fibre as contributing 2 kcal/ g. However research by 

Nam et al, 2011 confirmed human intestinal microbial populations despite being composed of 
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the same phyla differed between countries. This may warrant, in the distant future, dietary fibre 

caloric labelling for specific fibres at 4 kcal/ g, based on individual countries. 

The three studies of this thesis support the use of FG as a functional food and based on the 

final study a nutraceutical. FG may be incorporated into the diet with positive physiological 

benefits. This may be economically beneficial to the Canadian agricultural and food 

manufacturing industries, especially given the growth of the functional food market worldwide. 

 

6.2 Limitations and Future Directions 

The farinographic tests had to be conducted outside of Canada due to limited availability 

of farinographs at the time. This deterred continued work on dough with 15 % FG substitution 

as the development of a formula with the addition of vital wheat gluten may have prevented 

dough creeping and the noisy farinograph. The creeping of dough made it impossible to 

determine the actual water absorption for 15 % FG substitution. Farinographic water absorption 

is used to determine the quantity of water to be added to the bread formula, in order to ensure 

bread quality. The first study also used RVA to determine pasting profiles and while the 

temperatures used in this analysis could reflect food processing temperatures, this method 

would need revision so temperatures could also reflect body temperature, to determine whether 

there would be sustained viscosity effects 

Initially, the research proposal included a human clinical trials to determine the effect of 

consuming the breads used in these studies on postprandial glucose and insulin. However, it was 

later resolved that the two in vitro investigations should preceed such a study. In retrospect the 

merit of this decision is obvious as these studies have provided valuable knowledge on the in 

vitro effect of acute ingestion and long term feeding of FG. Future work should, therefore, 
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include human clinical trials to evaluate relative differences in postprandial glycemia and 

insulinemia with the consumption of FG supplemented bread at different doses, compared with 

a control. Future human clinical trials are especially warranted given the in vitro model used in 

this thesis did not accurately reflect digestion in vivo. Such work needs to include the study of a 

second meal as well as long term consumption of the FG bread. However, it is now obvious that 

such work needs to consider the dietary background of the individuals and that fecal 

fermentation trials should be performed in such investigations. In addition, studies with more 

donors of known enterotypes needs to be conducted to establish the effect microbial 

composition has on the SCFA profile of FG. The present fermentation study is timely as the 

human microbiome project was launched to establish new strategies to facilitate the 

maintenance of human health (Hattori and Taylor, 2009). Molecular weight of FG after baking 

should also be evaluated to determine the effects if any of processing on the integrity of the FG. 

The extrusion process seemed to cause a morphological change to the FG and in vitro and in 

vivo studies may be necessary to establish the possible effects of this change. 

Bread using different sources of soluble dietary fibre could also be produced, using the 

conditions established in the first study, to also determine human physiological and molecular 

weight effects. If a farinograph is available a formula for bread with 15 % soluble dietary fibre 

could be developed. This work may have long term future commercial potential so sensory 

testing of breads with FG as well as scale up of bread production may translate into economic 

benefits. 
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6.3 Summary 

The research conducted for this thesis demonstrated that FG could be successfully 

incorporated into bread at 10 % wheat flour substitution. Bread with FG was characterized to 

determine relative viscosity, molecular mass distribution, SEM and in vitro behavior, which are 

crucial steps to establishing structure – function relationships for Canadian grown FEN. This 

bread also has potential as a function food based on in vitro starch digestion, while FG may have 

potential as a nutraceutical based on in vitro fermentation trials. However, human clinical trials 

are required to confirm findings from the in vitro work in this thesis. Food companies as well as 

consumers have been focusing more attention on the health benefits of functional food 

consumption. This has resulted in a premium price for tasty foods with health benefits. The 

studies in this thesis may have future positive economic implications for the agricultural and 

processing industries if commercial viability can be established. 
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Appendix 1: Flour Specifications from New Life Mills for study 1 
 

Moisture content 14.2 % 

Ash  0.62 

Protein 13.6 

  
  

Water asorption (corrected to 14.0 %) 65.1 % 

Development time 3.7 min 

Stability 12.1 min 

Tolerance index (MTI) 13 FU 

Time to breakdown 11.8 min 

Farinograph quality number 118 

  

  

 

MATERIAL DESCRIPTION 

Strong Bakers is a flour made from commercially cleaned hard red wheats of sound quality. It is 

prepared with good manufacturing practices and confirms to the requirements of the Canadian 

Food and Drug Act and Regulations. 

 

 

ADDITIVES (ingredient listing) 

Ascorbic acid, azodicarbonamide, niacin, reduced iron, thiamine mononitrate, riboflavin, fungal 

enzymes, folic acid. 
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Appendix 2: Farinograph of wheat flour substituted with 15 % fenugreek gum for study 1 
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Appendix 3: Template of bread production for studies 1 and 2 

 

 

Baking 

 

 

 

 

  

Sample No Mixing 1
st
 

punch 

2
nd

 

Punch 

Panning 

and 

Proofing 

Baking End Dough 

Weight 

Volume Bread 

Weight 
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Appendix 4: Total Starch and Resistant Starch Results for study 1 

 

 Available Starch 

(Fresh Bread) – 

g/100 g dwb 

Resistant Starch 

(Fresh Bread) – % 

Resistant Starch 

(Freeze dried and 

milled bread) - % 

Control bread 60.87 1.23 %  

5% extruded fenugreek 

bread 
56.63 1.1 % 1.92 % 

10% extruded 

fenugreek bread 
50.06 1.2 % 1.82 % 

 

*Results are the average of triplicate values. 
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Appendix 5: Certification of ethics approval for study 3 

 
 

 

 

RESEARCH ETHICS BOARD 
Certification of Ethical Acceptability of 
Research 
Involving Human Participants 

 
 

  APPROVAL PERIOD:  May 4, 2011   to   May 4, 2012 

 
  REB NUMBER:   11AP001 
 
  TYPE OF REVIEW:  Delegated Type 1  
       
  RESPONSIBLE FACULTY: S. Cui 
 
  DEPARTMENT:  Food Science   

 
  SPONSOR:   AGRICULTURE AND AGRI-FOOD CANADA (AAFC) 

       
  TITLE OF PROJECT:   Impact of Breads with Fenugreek Soluble Fibre 

      (Fenugreek Gum) and Fenugreek Soluble Fibre Only, 
      on Production of Short Chain Fatty Acids (SCFAs) 
 

The members of the University of Guelph Research Ethics Board have examined the 
protocol which describes the participation of the human subjects in the above-named 
research project and considers the procedures, as described by the applicant, to conform 
to the University's ethical standards and the Tri-Council Policy Statement. 
 
The REB requires that you adhere to the protocol as last reviewed and approved by the 
REB.  The REB must approve any modifications before they can be implemented. If you 
wish to modify your research project, please complete the Change Request Form. If there 
is a change in your source of funding, or a previously unfunded project receives funding, 
you must report this as a change to the protocol. 
 
Adverse or unexpected events must be reported to the REB as soon as possible with an 
indication of how these events affect, in the view of the Responsible Faculty, the safety of 
the participants, and the continuation of the protocol. 
 
If research participants are in the care of a health facility, at a school, or other institution 
or community organization, it is the responsibility of the Principal Investigator to ensure 
that the ethical guidelines and approvals of those facilities or institutions are obtained and 
filed with the REB prior to the initiation of any research protocols. 
 
The Tri-council Policy Statement requires that ongoing research be monitored by, at a 
minimum, a final report and, if the approval period is longer than one year, annual 
reports. Continued approval is contingent on timely submission of reports. 
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Membership of the Research Ethics Board: M. Bowring, CME; F. Caldwell, Physician 
(alt); J. Clark, PoliSci (alt); J. Dwyer, FRAN; M. Dwyer, Legal; D. Dyck, CBS; D. Emslie, 
Physician; M. Fairburn, Ext.; J. Hacker-Wright, Ethics; G. Holloway; CBS (alt); V. 
Kanetkar, CME (alt);  L. Kuczynski, FRAN (alt); S. Lachapelle, COA; L. Mann, Ext.; J. 
Minogue, EHS; P. Saunders, Alter. Health Care; S. Singer, COA (alt); L. Son Hing, 
Psychology; V. Shalla, SOAN (alt); L. Spriet, CBS; L Trick, Chair; T. Turner; SOAN; L. 
Vallis; CBS (alt).  

 
 

Approved:                                             Date:  ______________________ 
           per   
                        Chair, Research Ethics Board 
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Appendix 6: Subject recruitment poster used in study 3 
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Appendix 7: Subject screening questionnaire used in study 3 

 

  

  
REB#11AP001 

Subject Screening Questionairre 
 

Your responses to this questionnaire will be kept confidential.  Please answer each question 

with as much detail as possible. 

 

PPeerrssoonnaall  DDaattaa  ((PPlleeaassee  PPrriinntt))::  
 

Name:       Age:   

      

Date of Birth (dd/mm/yy):       

      

Home or Business 

Address:     

      

Street:           

City:          

Province:      Postal Code:   

Phone: (      )      

Email:        

      

      

MMeeddiiccaall  HHiissttoorryy  
 

Please circle “Yes” or “No” to the following questions.  If you answer yes to any of them, 

please explain in the space provided. 

 

1. Do you have health issues we should be aware of?  If yes, please list.    YES   NO 

____________________________________________________________________________

____________________________________________________________________________ 

 

2. Have you have food allergies or been diagnosed with celiac disease?    YES   NO 

 

3.  Are you currently taking any prescription medication?   YES   NO 

If yes please list 

http://www.uoguelph.ca/
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____________________________________________________________________________

____________________________________________________________________________ 

 

BBooddyy  WWeeiigghhtt 
 

4. Has your body weight changed a lot in the past 6 months?   YES   NO 

Please explain: 

____________________________________________________________________________

____________________________________________________________________________ 

 

5. Are you in the process of gaining or losing weight   YES   NO 

 

DDiieett--RReellaatteedd  QQuueessttiioonnss  
 

6. Please list any dietary or herbal supplements you are currently taking 

 or have taken in the last seven days? (e.g. fibre supplement,)  If yes, please list.     

           YES    NO 
____________________________________________________________________________

____________________________________________________________________________ 

 

7. Do you use alternative therapies (i.e. high garlic intake, see a naturopath)? YES   NO 

If yes, please list 

____________________________________________________________________________

___________________________________________________________________________ 

 

8. Are you on a special diet (i.e. vegetarian, diabetic diet, gluten-free diet)?YES   NO 

If yes, please explain 

____________________________________________________________________________

____________________________________________________________________________ 

 

SSttuuddyy  rreellaatteedd  qquueessttiioonnss  
 

9. Do you have abdominal complaints?     YES   NO 

 

10. Do you have abnormal bowel movements?    YES   NO 

 

11. Do you have a history of gastrointestinal diseases?   YES   NO 

 

12. Have you taken antibiotics in the last 6 months?    YES   NO 

 

If yes to any of the above, please explain 

___________________________________________________________________________

___________________________________________________________________________ 
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*The researchers have the right to exclude you from participation if you do not satisfy the 

study criteria 

 

 

 

 

Subject’s signature                   Date 

 

 

Investigator’s signature       Date 
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Appendix 8: Subject consent form used in study 3 

 

 
REB#11AP001 

 

INFORMED CONSENT FORM 

 

“Impact of breads with fenugreek soluble fibre (fenugreek gum) and fenugreek soluble fibre 

only, on production of short chain fatty acids (SCFAs).” 

 

You are asked to participate in a research study being conducted by Dr. Emma Allen-Vercoe, a 

Professor from the Department of Molecular and Cellular Biology at the University of Guelph.  Dr. 

Allen-Vercoe is collaborating with Dr. Steve Cui (Guelph Food Research Centre/ Department of 

Food Science) to conduct this study. 

 

If you have any concerns about the research study please feel free to contact: 

 

Dr. Emma Allen-Vercoe (Professor) at 824-4120 ext 53366 or email her at 

eav@uoguelph.ca  

 
You are also free to contact: 

 

Keisha T. Roberts (Ph.D student) at krober04@uoguelph.ca 

 

ABOUT THE STUDY: 
The purpose of the study is to determine whether fermentation of breads cotaining fenugreek gum results in beneficial 

changes to Short Chain Fatty Acids, when compared to a control bread, which contains no fenugreek gum.  Also 

fenugreek gum alone would be fermented to determine SCFAs produced.   

 

Bacteria living in our intestines serve many beneficial and important roles.  This study is being 

done to help improve our understanding of the roles of gut bacteria in fermentation of dietary 

fibre, and to try to determine whether bread with fenugreek gum may serve as a functional food. 

 

We are recruiting healthy volunteers to provide a fresh stool specimen for use in this in vitro 

study.  We will attempt to culture bacterial species from your stool sample, and to use this 

bacteria to inoculate the breads and the fenugreek gum.  It is hoped that this study will help 

broaden our understanding of the possible benefits of consuming fenugreek gum. 

 

Depending on the results from the fermentation analysis the bacterial species isolated from your 

stool may be analysed for identification purposes. 

 

WHAT WE ASK OF PARTICIPANTS: 

You (the subject) will be given a Subject Screening Questionnaire, which will help you and the 

Researchers to assess your suitability as a donor.  If you are suitable you will be required to sign this 

mailto:eav@uoguelph.ca
http://www.uoguelph.ca/
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Informed Consent Form and read the Study Information Sheet. These forms explain the study and 

identify if potential risks are associated with participation in the study.  

 

You will also have your weight and your body composition assessed by BIA.  This is a common, 

non-invasive method that involves sending a low-level, safe electrical current through the body.  

The current passes freely through the fluids contained in muscle tissue, but encounters resistance 

when it passes through fat tissue, allowing us to determine your percentage body fat.  You will 

need to provide information on your height 

 

If you are suitable and agree to be a donor you will be asked to provide a fresh stool sample in 

confidentiality and at your convenience to the research team.  Your active participation will end 

when we have obtained your stool sample 

 

Time Commitment: 

It is important that the bacteria present in your fresh fecal sample, which are highly sensitive to 

oxygen, are maintained in a viable state, thus you will be asked to visit the New Science 

Complex at the University of Guelph (where our laboratory is housed) to void feces, at a time of 

your convenience, into a provided container.  This may be done in complete privacy in a nearby 

washroom, and the sample container may be placed into a secondary, discrete container for 

transport to the lab or, if preferred, to the PI’s office.  Instructions for use of the provided sample 

container will be given to you.  Following receipt of your sample, you are free to leave.  You will 

be asked to prearrange a day for your donation, and the time of your donation is flexible within 

that day.   

 

We understand that this kind of donation may be embarrassing to make, but we wish to assure 

you that our lab staff will handle sample receipt with discretion and respect.  Your sample will be 

assigned a confidential identification number such that your name will never be disclosed.  Any 

publications that result from this research will maintain this confidentiality, although your age 

weight, height and gender will be disclosed as important research parameters.  Your name and 

other identifying information will remain known only to the PI who will keep this information 

strictly confidential. 

 

If you require an antibiotic course before your fecal donation is received, we ask that you 

refrain from donating the fresh fecal sample since the viability of the bacteria within your 

gut may be compromised.  If this happens, please let us know and you will be withdrawn 

from the study without reprisal.  Please ask your pharmacist if you were prescribed a 

medication and are unsure if it was an antibiotic.   

 

You will receive a $25 gift card for your fecal donation. You are not waiving any legal claims, 

rights or remedies because of your participation in this research study.  Taking part in this study is 

voluntary and you may withdraw at any time without penalty. 

 

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, please 

contact: 

 Research Ethics Officer    
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 University of Guelph    

 437 University Centre    

 Guelph, ON N1G 2W1 

 

 Telephone: (519) 824-4120 ext 56606 

 Email: sauld@uoguelph.ca 

 FAX: (519) 821-5236 

 

I have read the information provided for the study “Impact of breads with fenugreek soluble fibre 

(fenugreek gum) and fenugreek soluble fibre only, on production of short chain fatty acids 

(SCFAs).” 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.` 

 

 

(Name of participant (please print) 

 

 

(Signature of participant)                                                                                               Date 

 

 

(Name of witness (please print) 

 

 

(Signature of witness)                                                                                                      Date 

 

 

mailto:sauld@uoguelph.ca

