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ABSTRACT 

SENSORY ATTRIBUTES AND PHENOLIC ACID CONTENT OF BRAN AND 

WHOLEGRAIN PRODUCTS USING RED OR WHITE WHEAT 

Carolyn Challacombe Co-advisors: 
University of Guelph, 2011 Dr. Lisa Duizer 

Dr. Koushik Seetharaman 

This thesis is an investigation of phenolic acid content and sensory attributes of wheat 

bran and wholegrain products (bread and crackers) prepared using red and white wheat. 

Phenolic acids have been reported to contain characteristic sensory properties which may 

be contributing to the sensory attributes of wholegrain products. Phenolic acids extracted 

from raw bran were perceived as only having low levels of bitterness and astringency, 

suggesting that changes to the phenolic acids during baking may influence the sensory 

properties. Wheat colour did not have a large impact on the sensory profiles of the baked 

products as described by a descriptive panel. However, products made from red wheat 

were found to be more acceptable to consumers. The bound phenolic acids for crackers 

and free and bound phenolic acids for bread crumb were shown to correlate to the 

sensory properties of the baked products. Further research needs to be conducted to 

determine the effects of processing and how bound phenolic acids are contributing to 

sensory perceptions. 
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CHAPTER 1 - INTRODUCTION 

Wholegrains encompass a wide range of seeds including but not limited to wheat, 

oat, barley, maize, sorghum, millet, rice and rye. Structurally, the kernel of these grains 

can be divided into three regions; bran, germ and endosperm. The endosperm, the largest 

portion of the kernel is a matrix of starch, protein and other minor components. 

Historically, in most products, this portion of the grain was the only part that was retained 

for use in food manufacturing. However, more recently there has been a shift toward the 

use of wholegrains in food products (Dewettinck et al., 2008). Wholegrains are defined 

by Health Canada as containing all three portions of the grain kernel - bran, germ and 

endosperm in their original ratio (Health Canada, 2007b). 

The increased interest in wholegrains stems from the numerous health benefits 

that have been linked with the consumption of wholegrains. Wholegrain consumption has 

been associated with a reduced risk of coronary heart disease, ischemic stroke, type II 

diabetes, birth defects and some cancers (Health Canada, 2007a; Health Canada, 2007b; 

Jones, 2006). One or more of the wholegrain components have been hypothesized to be 

linked to the reduction of chronic disease. Wholegrains contain many nutrients including 

dietary fibre, resistant starch, minerals, B vitamins, antioxidants and phytochemicals 

(Jones, 2006; Slavin, Martini, Jacobs & Marquart, 1999). Of particular interest is a class 

of phytochemicals, known as phenolic acids. These have been shown to exhibit 

antioxidant activity and the ability to quench free radicals (Adorn & Liu, 2002; Anson, 

Berg, Havenaar, Bast & Haenen, 2008; Bravo, 1998; Kim, Tsao, Yang & Cui, 2006). It 
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is this antioxidant property which may be contributing to the positive health benefits 

associated with wholegrains (Bravo, 1998). 

The phenolic acids are concentrated within the bran layer of wheat kernels and thus 

may contribute to kernel pigmentation. Red wheats have been reported to have a greater 

concentration of phenolics when compared to white wheat (Kim et al., 2006), others, 

however have reported no correlation between wheat colour and total phenolic content 

(TPC) (Beta, Nam, Dexter & Sapirstein, 2004). 

Over the past ten years, Ontario wheat production has shifted from producing 

mostly white wheats to producing mostly red wheats (Ambalamaatil et al., 2002). This 

shift is attributed to changes in the environment as well as to persistent disease problems 

and susceptibility to Fusarium observed with white wheats. Farmers are more inclined to 

grow red wheats as they are hardier and higher yielding (Ambalamaatil et al., 2002). 

However, the increased production of red wheat is of concern for food processors 

interested in producing wholegrain products. This concern is due to differences in the 

sensory properties in food produced with the different wheats. This has been observed 

with other grains, particularly sorghum where choosing a different grain colour resulted 

in different sensory profiles before and after processing (Kobue-Lekalake, Taylor & 

Kock, 2007). Currently, there is little research regarding this issue in wheat-based 

products. A sensory study conducted using Flavour Profile Analysis (FPA) noted sensory 

differences between whole wheat bread manufactured from red and white wheat (Chang 

& Chambers, 1992). Although a profile for these breads was developed, FPA is a 

consensus based sensory technique; therefore statistics cannot be used during analysis. 
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Such a technique does not allow for the collected data to be correlated with instrumental 

measures, potentially limiting the usefulness of the data. In other studies using consumer 

acceptance methods, no differences in liking were noted between red and white whole 

wheat muffins (Camire et al., 2006), tortillas (Ramirez-Wong et al., 2007) and hamburger 

buns (Lang & Walker, 1990). There is little research that has been published which 

correlates consumer liking data with quantified sensory profiles to determine what 

sensory properties are impacting consumers liking. 

It has been reported that phenolic acids contribute to sensory attributes commonly 

described as bitter and astringent (Arai, Suzuki, Fujimaki & Sakurai, 1966; Cheynier, 

2005; Maga & Lorenz, 1973; Maga & Katz, 1978). However, it has also been reported 

that phenolic acids can interfere with key reactions that occur during the baking process 

altering the end products of the reaction. This is particularly apparent when phenolic 

acids ware added to model systems at different moisture contents (Jiang & Peter son, 

2010; Jiang, Chiaro, Maddali, Prabhu & Peterson, 2009). It is currently unclear if the 

phenolic acids within the bran are inherently bitter and astringent, or if these sensory 

properties are the result of a chemical reaction occurring during processing. 

The overall goal of this research was explore the sensory properties of bran and 

wholegrain products using red or white wheat. The relationship between phenolic acids 

and the sensory perception of bran and wholegrain products was also investigated and 

explored. Understanding this relationship can aid in future wheat breeding programs and 

developing wholegrain products that are acceptable to consumers. 
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CHAPTER 2-LITERATURE REVIEW 

Phenolics: An overview 

Phenolics are a class of phytochemicals that are naturally occurring secondary 

metabolites of plants. Phytochemicals are ubiquitous within the plant kingdom and thus 

are predominant within the human diet. Phenolics can be found in many food products 

including legumes, nuts, vegetables, fruits, fruit juices, beverages, and cereals including 

wheat (Bravo, 1998). Phenolics are required for normal plant functioning and are 

involved in plant growth and reproduction processes, as well as serving as a defense 

mechanism for plants (Liu, 2004). 

Within grains, studies have demonstrated a positive correlation between phenolic 

content and resistance to disease (Abdel-Aal et al., 2001; Assabgui, Reid, Hamilton & 

Arnason, 1993; McKeehen, Busch & Fulcher, 1999). Fusarium, a fungal pathogen that 

affects cereals, reduces gram yield and quality and also produces mycotoxin in the grain, 

is of great concern to farmers. It has been reported that specific phenolics (ferulic acid 

and/7-coumaric acid), reduce the growth of Fusarium graminearum and Fusarium 

culmoum in vitro (Assabgui et al., 1993; McKeehen et al., 1999). Due to this relationship 

between phenolic content and disease resistance it is hypothesized that phenolic content 

within wheat can be used as a predictor for Fusarium resistance (McKeehen et al., 1999). 

The phenolic content of grains has also been related to insect resistance. Abdel-

Aal et al (2001) reported a correlation between ferulic acid content and insect resistance 

within wheat (Abdel-Aal et al., 2001). The mechanism by which phenolic acids reduce 

disease and insect infestation is currently still under investigation however, it is 
4 



hypothesized that an increase in phenolic acid production may strengthen the cell walls 

by means of binding to the cell wall constituents creating resistance against fungi and 

insects (Abdel-Aal et al., 2001; McKeehen et al., 1999). 

Structure and classification 

Phenolics are compounds that contain at least one hydroxyl (OH) group attached 

to an aromatic ring (phenol). It is this hydroxyl group that enables phenolics to act as an

tioxidants (Robbins, 2003; Shahidi & Wanasundra, 1992). Antioxidants can act in a 

number of ways including reacting with free radicals, chelating metal ions, scavenging 

oxygen or by inducing antioxidant or inhibiting oxidative enzymes (Moore & Yu, 2008; 

Shahidi & Wanasundra, 1992). Phenolic compounds act as antioxidants mostly by termi

nating free radicals. The hydrogen atom, from the hydroxyl group, is readily donated to 

free radicals. The resulting phenoxy radical is then stabilized by the aromatic ring which 

delocalizes the unpaired electron (resonance) (Shahidi & Wanasundra, 1992). 

A significant correlation between the phenolic content and various measures of 

antioxidant activity has been reported within numerous wholegrain species, including 

wheat. It is the antioxidant activity that is a probable mechanism as to how wholegrains 

contribute positively to health (Adorn & Liu, 2002; Anson et al., 2008; Bravo, 1998; Kim 

et al., 2006). 

Phenolics can be classified into five categories based on their structure; phenolic 

acids, flavonoids, stilbenes, coumarins and tannins as shown in Figure 2-1 (Liu, 2004). 

Other phenolics and phytochemicals (carotenoids) have been reported within wheat as 

outlined in Table 2-1. Carotenoids are a group of phytochemicals which have been 
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reported within wheat and contributes to the pigmentation of the wheat kernel (Tsao R., 

2008). However, phenolic acids have been reported* to constitute one of the major 

fractions of phenolics within wheat, while also contributing to a large portion of the 

antioxidant activity (Fernandez-Orozco, Li, Harflett, Shewry & Ward, 2010; Shewry et 

al., 2010). 

Table 2-1: Literature values for phytochemicals within wheat 

Total phenolic content 
Reference 

Adorn et al, 2003 
Okarter et al., 2010 
Adorn et al., 2005 

Sample 
Grain 
Grain 
Bran 

Units 
umol gallic acid/lOOg 
umol gallic acid/lOOg 
umol gallic acid/lOOg 

Content 
709.8 -860 
841-1099 

2867-3120 

11 wheat varieties 
6 wheat varieties 
3 wheat varieties 

Total ferulic acid content 
Adorn et al., 2003 
Okarter et al., 2010 
Adorn et al., 2005 

Grain 
Grain 
Bran 

umol ferulic acid/1 OOg 
umol ferulic acid/1 OOg 
umol ferulic acid/1 OOg 

148-303 
311-496 

1005-1130 

11 wheat varieties 
6 wheat varieties 
3 wheat varieties 

Total flavonoid content 
Adorn et al., 2003 
Adorn et al., 2005 

Grain 
Bran 

umol catechin acid/1 OOg 
umol catechin acid/1 OOg 

106-142 
740-640 

11 wheat varieties 
3 wheat varieties 

Carotenoid -Total Lutein 
Adorn et al., 2003 
Okarter etal., 2010 
Adorn et al., 2005 

Grain 
Grain 
Bran 

ug lutein/1 OOg 
ug lutein/1 OOg 
ug lutein/1 OOg 

26.4-143.5 
67.4-211 
164-192 

11 wheat varieties 
6 wheat varieties 
3 wheat varieties 

Carotenoid -Total zeaxanthin 
Adorn et al., 2003 
Okarter etal., 2010 
Adorn et al., 2005 

Grain 
Grain 
Bran 

ug zeaxanthin/1 OOg 
ug zeaxanthin/1 OOg 
ug zeaxanthin/1 OOg 

8.7-27.1 
25.3-52.7 
19.4-26.2 

11 wheat varieties 
6 wheat varieties 
3 wheat varieties 

Carotenoid -Total P-cryptoxanthin 
Adorn et al.,2003 
Okarter etal., 2010 
Adorn et al., 2005 

Grain 
Grain 
Bran 

ug P-cryptoxanthin/1 OOg 
ug P-cryptoxanthin/1 OOg 
ug P-cryptoxanthin/1 OOg 

1.1-13.3 
11.8-19.5 
8.9-10.0 

11 wheat varieties 
6 wheat varieties 
3 wheat varieties 
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Figure 2-1: Categories of phenolics (Extracted from (Liu, 2004)). 

Phenolic acids 

Phenolic acids are low molecular weight, simple phenolics that can be divided into 

two main groups; hydroxybenzoic acids and hydroxycinnamic acids (Figure 2-1 and 2-2). 

Ferulic acid (4-hydroxy-3-methoxycinnamic acid), a derivative of hydroxycinnamic acid, 

is the predominant phenolic acid found within wheat (Hatcher & Kruger, 1997). Ferulic 

acid has also been reported to be positively correlated to the antioxidant activity of wheat 

(Adorn & Liu, 2002; Anson et al., 2008; Kim et al., 2006; Mpofu, Sapirstein & Beta, 

2006; Zhou, Laux & Yu, 2004). It has been reported that within wheat, ferulic acid exists 

in three forms; free, soluble-conjugated and insoluble bound in a ratio of 0.1:1:100 

(Adorn & Liu, 2002; Liu, 2004). Free phenolic acids are those that are unbound. Soluble 

conjugated are phenolic acids which are bound to sugars or other low molecular weight 
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plant constituents (Li, Shewry & Ward, 2008). Insoluble bound phenolic acids are bound 

to more complex plant constituents including but not limited to cellulose, lignin, protein, 

arabinoxylans and tannins (Li et al., 2008). 

(a) Benzoic acid 

W - 0 0 ™ 

Benzoic acid 
Derivatives 

p-Hydroxybenzoic 
Protocatechuic 

Vannilic 
Synrtgic 

JtV] 

H 
ft 

CM-jO 
CHjO 

Substitutions 
R2 
OH 

OH 
OH 
OH 

Rj 

M 

OH 
TPf 

CHsO 

Gallic OH OH OH 

(b) Citmatrac acid 

R1 

C H - C H _ C O O H 

Cinnamic acid 
Derivatives 

p-Coumaric 
Caffeic 
Ferulic 
Sinapic 

Ri 
H 

OH 
CHjO 
CH30 

Substitutions 
R2 
OH 
OH 
OH 
OH 

^ 3 

Jrt 

H 
H 

CHjO 

Figure 2-2: Phenolic acid structures of (a) benzoic acids and (b) cinnaminc acids 
(Liu, 2004). 

Other hydroxycinnamic acids that have been reported to be found within wheat 

include but are not limited to /?-coumaric, caffeic, and sinapinic acids. These acids are 

commonly found bound by ester linkages to structural components of cell walls. Several 

hydroxybenzoic acids are also found within wheat and include but are not limited to 

protocatehcuic, vanillic, /7-hydroxybenzoic and syringic acids (Liu, 2004). 

Phenolic acids are found mainly within the bran portion of the kernel (Abdel-Aal 

et al., 2001; Adorn, Sorrells & Liu, 2005; Beta et al., 2004; Rybka, Sitarski & Raczynska-

Bojanowska, 1993). It has been reported that over 80% of the ferulic acid content and 
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phenolic acid content is contained within the bran fraction for both rye (Rybka et al., 

1993) and wheat (Adorn et al., 2005; Rybka et al., 1993). 

Factors affecting phenolic content 

The phenolic content and composition in a plant depends on a number of factors 

including genetics, environmental factors and stressors (Bravo, 1998; Mpofu et al., 2006). 

Red pigmentation within wheat grains are thought to be contributed by carotenoids as 

well as derivatives of polyphenols, specifically tannins (Himi & Noda, 2005; Tsao, R., 

2008). Genetically, the red wheat colour is controlled by three dominant R genes. The 

greater number of R genes, the redder the colour (Cooper & Sorrells, 1984). It has been 

reported that two of the R genes regulate pathways for phenolics, specifically flavonoids 

(Himi, Nisar, Noda & Schwarzacher, 2005); therefore wheat colour may give an 

indication of levels of total phenolics present in the plant. However, contradictory 

research exists regarding total phenolic content (TPC) and bran colour. It has been 

reported that red bran has a higher TPC than white bran (Kequan, Parry & Yu, 2005; Kim 

et al., 2006) and that the concentration decreases as the red colour of the bran decreases 

(Matus-Caidiz et al., 2008). Others however, have found no correlations between red and 

white seed colour and TPC (Beta et al., 2004). Although, contradictory results have been 

reported for TPC and bran colour, it is clear that the phenolic acid profiles differ between 

the two brans (Kequan, Parry & Yu, 2005; Liu, Qiu & Beta, 2010). Kequan et al (2005) 

reported that red bran contains greater concentrations of ferulic and syringic acids while 

no differences were observed for vanillic acid (Kequan, Parry & Yu, 2005). Liu et al 

(2010) reported greater concentrations of sinapinic acid in red wheat, but lower 
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concentrations of ferulic acid when compared to white wheat. In the same research, no 

differences for vanillic, caffeic and p-coumaric acid were observed. 

There are a variety of environmental factors that could also influence production 

of phenolics in wheat along with the genetics. These factors include solar irradiance and 

UV light, amount of water, soil nutrients and balance and temperature (Fernandez-

Orozco et al., 2010; Waterman & Mole, 1994). 

A comparison of important factors contributing to phenolic content has shown 

that environmental factors account for a greater amount of variation when compared to 

genotypic factors for TPC and ferulic acid content when the same wheat genotype was 

grown in four different locations (Mpofu et al., 2006). This significant effect of location 

on TPC has also been shown by others (Fernandez-Orozco et al., 2010; Menga, Fares, 

Troccoli, Cattivelli & Baiano, 2010; Shewry et al., 2010; Yu, Perret, Harris, Wilson & 

Haley, 2003; Zhou & Yu, 2004). 

The importance of environmental and genetic effects may differ based upon the 

form of the phenolic acids. A greater genetic effect was noted for bound phenolic acids 

when varieties of wheat were grown across different countries over a number of years, 

whereas a greater variation in free phenolics was attributed to environmental effects (Fer

nandez-Orozco et al., 2010; Menga et al., 2010; Shewry et al., 2010; Yu et al., 2003; 

Zhou & Yu, 2004). Both genetics and environmental factors play a role in determining 

the total phenolic and phenolic acid content, as well as the specific phenolic acid profiles 

of wheat. 
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Sensory perception of phenolic compounds 

Phenolic acids have been reported to contribute to flavour perception in many 

foods including but not limited to olive oil (Busch, Hrncirik, Bulukin, Boucon & Mas-

cini, 2006), wine (Noble, 1994; Robichaud & Noble, 1990), orange juice (Nairn, Striem, 

Kanner & Peleg, 1988), chocolate, tea and plant foods (Drewnowski & Gomez-Carneros, 

2000), with sensory attributes that have been described as sour, bitter and/or astringent 

(Arai et al., 1966; Peleg & Noble, 1995). These properties have been reported in grain 

products such as corn germ protein flour (Huang & Zayas, 1991), rye grain (Heinio et al., 

2008), rye bread (Zieliriski, Michalska, Ceglinska & Lamparski, 2008), oats (Molteberg, 

Solheim, Dimberg & Fralich, 1996), sorghum grain and sorghum rice (Kobue-Lekalake 

et al., 2007). Specifically within grain products, sensory properties attributed to pheno-

lics have included a bitter taste (Busch et al., 2006; Heinio et al., 2008; Huang & Zayas, 

1991; Kobue-Lekalake et al., 2007; Molteberg et al., 1996; Robichaud & Noble, 1990), 

an astringent sensation (Huang & Zayas, 1991; Kobue-Lekalake et al., 2007; Robichaud 

& Noble, 1990), a sour taste (Huang & Zayas, 1991), a cereal flavour and a germ-like 

flavour (Heinio et al., 2008). Few papers exist which have evaluated the contribution of 

phenolics to sensory properties of wheat based products. 

Bitterness and astringency are the most common attributes that have been associ

ated with phenolics (Arai et al., 1966; Cheynier, 2005; Maga & Lorenz, 1973; Maga & 

Katz, 1978) and the presence of these sensations may be contributing to consumers' 

negative reactions to wholegrain products. Bitterness and astringency in certain foods has 

been reported to be unacceptable to consumers (Maga & Katz, 1978). One reason may be 
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that bitterness is inherently associated with poisonous foods and thus instinctively is re

jected by humans (Drewnowski, 1997; Drewnowski & Gomez-Carneros, 2000). 

Bitterness is a complex taste that has been defined as the "basic bitter taste associ

ated with caffeine, and other bitter compounds; bitterness lingers long like an aftertaste" 

(Kobue-Lekalake et al., 2007). The bitter taste is stimulated via numerous taste receptors 

located on the tongue, the roof of the mouth as well as in the back of the throat 

(Drewnowski, 2001), although it is primarily perceived on the back of the tongue (Noble, 

1990). It is believed that more than one type of receptor is responsible for the bitter taste 

due to the large number of bitter tasting molecules (Drewnowski, 2001). The compound 

must be able to bind to the receptor in order to elicit a bitter response, thus the com

pound's structure and size are important factors (Noble, 1990). It has been reported 

within phenolics, that increasing the size of a compound, decreases the bitterness re

sponse and increases the astringent response (Peleg, Gacon, Schlich & Noble, 1999). 

Astringency has been described as "a sensation that lingers and coats, dries and 

numbs the mouth palate and tongue" (Kobue-Lekalake et al., 2007). Phenolics are capa

ble of binding to proline-rich salivary proteins which can form large aggregates, precipi

tating the proteins (Charlton et al., 2002). It was originally proposed that the astringent 

sensation is a result of the precipitated proteins which reduce the saliva's lubrication, re

sulting in a tactile sensation (Clifford, 1997). Recent reports however, have suggested 

that it is the amount of unbound astringent molecules which may be more related to the 

astringent sensation (Schwarz & Hofmann, 2008). Although astringency has been asso

ciated with larger phenolic compounds (Lesschaeve & Noble, 2005), smaller molecular 
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weight compounds, including phenolic acids, have also demonstrated astringent proper

ties (Maga & Lorenz, 1973; Peleg & Noble, 1995; Peleg et al., 1999). 

Threshold values, defined as the lowest quantity of a stimulus that elicits a sen

sory response (Meilgaard, Civille & Carr, 2007), have been reported for astringency re

lated to phenolic acids. Phenolic acids derived from benzoic acid (molar mass <200 

g/mol), have astringency threshold values when dissolved in water between 30 parts per 

million (ppm) and 240 ppm (Maga & Lorenz, 1973). Phenolic acids derived from cin-

namic acid (molar mass <250 g/mol) have astringency threshold values when dissolved in 

water between 10 ppm and 90 ppm (Maga & Lorenz, 1973). 

When phenolic acids are present within foods, the sensory perception may be in

fluenced by the form (free or bound) that the phenolic acids are present in (Heinio et al., 

2008; Molteberg et al., 1996; Nairn, Striem, Kanner & Peleg, 1988). It has been sug

gested that the free phenolic acids are more 'flavour active' than the bound phenolic acids 

(Heinio et al, 2008). It is hypothesized that the bound phenolic acids are not capable of 

binding with proteins, or are too large to interact with taste receptors thus do not play a 

large role on the perceived sensory properties (Heinio et al., 2008). 

Information regarding the sensory properties produced by phenolic acids within 

wholegrain wheat products is limited. Gaining a greater understanding of how phenolic 

acids contribute to the sensory attributes of wholegrain products may help aid in the 

development of wholegrain products with enhanced consumer acceptability. 

Within wholegrain products, there are factors which can affect the phenolic content 

and therefore the sensory properties of the products. These include the bran particle size, 
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as well as the baking conditions of the products. Each of these will be discussed with an 

emphasis on the relations between phenolic acid content and sensory perception. 

Particle size 

Currently health claims can only be made on certain bran particle sizes. Within 

Canada, a 'source of fibre' claim is not permitted on products containing bran with 

particle sizes less than 500 urn (Canadian Food Inspection Agency, 2010). However, 

within the United States there are no regulations currently in place regarding bran particle 

size. 

As previously mentioned, the majority of phenolic acids are located within the 

bran portion of the wheat kernel (Abdel-Aal et al., 2001; Adorn et al., 2005; Rybka et al., 

1993); therefore, phenolic content may differ based on the bran particle size. Once the 

bran is removed from the wheat kernel it can be milled to different particle sizes. This is 

useful for food processors as bran particle size has been shown to alter the rheological 

properties of dough (Zhang & Moore, 1999; Zhang & Moore, 1997) and thus by altering 

the particle size, more desirable dough rheological properties may be obtained. However, 

changing the particle size of the bran may affect the quantity of extractable phenolic 

acids. It has been shown that decreasing bran particle size increases the antioxidant 

activity of wheat bran (Cheng et al., 2006). TPC as well as specific phenolic acid (p-

hydroxybenzoic, vanillic, syringic, coumaric and ferulic acid) concentrations are reported 

to be higher in aleurone having only a few microns in diameter (Zhou et al., 2004). The 

increase in phenolic acids was attributed to a greater surface area where the 

phytochemicals could be extracted from (Zhou et al., 2004). 
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Within baked products, it has been reported that decreasing the particle size from 

850 urn to 180 urn does not significantly change the TPC or antioxidant activity in pizza 

crust (Moore, Luther, Cheng & Yu, 2009). While there is evidence that changes in 

particle sizes can alter phenolic content, there is limited published evidence regarding the 

effects of particle size and sensory properties of wholegrain products. 

Processing 

Baking time and temperature conditions may also affect the quantity of phenolics 

and sensory perception of wholegrain products. Phenolic acids have been demonstrated 

to break down into aromatic compounds which can contribute to the sensory properties of 

food during thermal processing (Fiddler, Parker, Wasserman & Doerr, 1967; Jiang & 

Peterson, 2010). Furthermore, bitter compounds have also been identified as the 

byproducts of phenolic acid degradation in studies using coffee beans (Frank, Blumberg, 

Kunert, Zehentbauer & Hofmann, 2007; Frank, Blumberg, Kriimpel & Hofmann, 2008). 

These breakdown products may be contributing to the flavour profile observed in food 

products (Jiang & Peterson, 2010). 

Maillard Reaction (MR) that happens during the baking process involves a reaction 

between reducing sugars (contains an aldehyde or ketone group) and proteins. It has been 

proposed that hydroxycinnamic acids are capable of interacting with MR degradation 

products through redox reactions resulting in the formation of adducts. These adducts 

inhibit the formation of Maillard-type aroma compounds (Jiang & Peterson, 2010; Jiang 

et al., 2009). Due to this inhibition, it has been hypothesized that different flavour and 

aromatic properties may be present in phenolic acid rich products (Jiang & Peterson, 
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2010). Since the MR is dependent upon a number of factors including temperature, 

moisture and pH, different processing conditions may favour the formation of the 

phenolic acid-Maillard intermediate adducts. For example within model systems, it has 

been shown that the MR mechanism varies in the presence of phenolic acids depending 

whether high or low levels of water are present (Jiang & Peterson, 2010). In systems 

with a higher aqueous content, ferulic acid is reported to interact with sugar fragments 

which are key components of Maillard intermediates and products. This interaction with 

sugar fragments may provide an alternative method in which the Maillard products are 

affected by phenolic acids (Jiang & Peterson, 2010). 

Numerous studies have reported that during baking, changes occur in the TPC 

within products. A decrease in free phenolics within the baked product has been observed 

between flour and bread made from the flour (Holtekj0len, Ba^vre, Rodbotten, Berg & 

Knutsen, 2008). Ferulic acid, the main phenolic acid in wheat, has shown contradictory 

results, with some researchers showing increases and others reporting decreases in ferulic 

acid content, in baked products (bread) compared to raw flour (Menga et al., 2010). 

One reason for these contradictory results may be due to the wheat variety used. 

When comparing ferulic acid (free and bound) in two wheat varieties (Trego and Lakin), 

Moore et al (2009) observed an increase in free ferulic acid within the product produced 

with the Lakin wheat variety, while a decrease was observed within the product produced 

with the Trego wheat variety when doughs were compared to the final baked product. 

Furthermore, within the Lakin product, the levels of bound ferulic acid were noted to 

increase with initial processing, but began to decrease with increased time and 
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temperature of baking. However, the Trego product, displayed no differences in bound 

ferulic acid content between the unprocessed dough and the final baked product and with 

various time and temperature processing conditions. Overall, as the time and temperature 

of processing increased, a decreasing trend of free and soluble bound ferulic acid was 

noted independent of the wheat variety (Moore et al., 2009). TPC was also quantified, 

with few differences observed over the varying processing conditions. It was suggested 

that the differences in trends between the TPC and ferulic acid concentrations that were 

observed may be attributed to other reactions taking place during the baking process 

(Moore et al., 2009). MR products have been reported to possess antioxidant activity 

(Borrelli et al., 2003) which may explain why no differences were noted between the 

TPC even though concentrations of ferulic acid (main phenolic acid) varied. 

In baked products, the location of testing of phenolic acid content may be important 

as MR products differ between the crumb and the crust. Within rye bread it was reported 

that the crust possesses a greater TPC than the bread crumb or the flour it was produced 

from. As the bread crumb does not reach 100°C, the formation of MR products within the 

crumb is limited (Pozo-Bayon, Guichard & Cayot, 2006) thus providing a plausible 

explanation as to why the crust contains a higher TPC. Within wholegrain wheat and rye 

bread, baking slightly increased the amount TPC in the bread crust in comparison to the 

flour (Gelinas & McKinnon, 2006; Michalska, Amigo-Benavent, Zielinski & del Castillo, 

2008). Conversely, it has been reported that a lower TPC was observed in muffins when 

compared to bran used to prepare the muffin (Li, Pickard & Beta, 2007). The decrease 

in TPC was attributed to the dilution of bran in the baked products and the thermal 

conditions of the baking process (Li, Pickard & Beta, 2007). 
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Quantification of phenolic acids 

Quantification of phenolic acids is generally divided into two main categories: 

spectrophotometric assays and chromatographic techniques. 

A common spectrometric assay is the Folin-Ciocalteu (FC) method used to quantify 

TPC within grain and grain products. The FC method is widely used for TPC 

quantification based on its speed, reproducibility, simplicity as well as convenience 

factors (Huang, Ou & Prior, 2005; Michalska et al., 2008). No established standard has 

been developed for this method, although results are usually reported using gallic acid or 

ferulic acid as the standard. TPC literature values are summarized in Table 2-2 to 

demonstrate the wide range of values in a variety of products. Values in the table are 

grouped based on the product (wholegrain flour, bran, refined flour, baked products) as 

well as by the standard that was used to quantify the TPC (gallic acid or ferulic acid). 

High performance liquid chromatography (HPLC) is frequently used to quantify 

specific phenolic acids in grain and grain products due to its high sensitivity and 

selectivity (Lee, 2000). Values will vary based on the extraction method and HPLC 

parameters utilized. Literature values for specific phenolic acids are summarized in 

Table 2-3 and are presented based on products from which the phenolic acids were 

extracted from (wholegrain wheat flour, bran, refined flour, and baked products). Ranges 

presented for specific phenolic acid demonstrate differences in wheat varieties. 
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Table 2-2: Literature values for total phenolic content (TPC) as determined by the Folin-Ciocalteu method 

Reference 
Adorn & Liu, 2002 
Adorn, Sorrells & Liu, 2003 
Adorn & Liu, 2002 
Adorn et al, 2003 

Gelinas & McKinnon, 2006 
. *" ^M&..J.L'3A^Kn-

Adorn et al., 2005 
Anson et al., 2008 
Yu et al., 2003 

' -. A 

Adorn et al., 2005 
Anson et al., 2008 

•immmj^^^^si^ 
Gelinas & McKinnon, 2006 
Gelinas & McKinnon, 2006 

Moore et al., 2009 

Mpofu et al., 2006 

Mengaetal., 2010 

Sample 
Wholegrain flour 
Wholegrain flour 
Wholegrain flour 
Wholegrain flour 

Wholegrain flour 
f . : ' . ' . ' , .VJCDIUW:1 

Bran/germ 
Bran 
Bran 

Endosperm 

Refined flour 
.^...uiifliiK.1 

White bread 
Wholegrain bread 
Whole wheat pizza 

crust 

Wholegrain flour 

Wholegrain 

Units 
umol GA/g 

umol GA/lOOg 
umol GA/g 

umol GA/lOOg 

ug/g dry matter GA 

;,i,isiir[i!,sx?> ps"-
Umol GA/lOOg 

umol GA/g 
mg/g bran GAE4 

Umol GA/lOOg 
umol GA/g 

IIHIISiiisBisili 
ug/g dry matter GA 
ug/g dry matter GA 

mg GAE/g pizza crust 
dry weight 

ug FAE/g 

mg FA/g dry matter 

Form of phe
nolic acid (if 

specified) 
F 
F 
B 

'f*Jtf"i!4»,r 

. ^ l i 

TPC 
1.9 

119-201 
7.99 

710-860 

522-866* 
JIIJIlliil„JiL 

2867-3120 
-48* 

2.29-3.24 
; '.' ' . 

176-195 
-20* 

-400* 
-1000* 

1.01-1.22 
' " ' , •* 

1709-2009 

0.783-1.068 

11 wheat varieties 

11 wheat varieties 
Wheat variety and farming 

site 
r,::;#if!iiiBiiisi* Tc-irv -

Five wheat varieties 

wheat vanties 

Five wheat varieties 

IIP" "**W 

Two wheat varieties 
"J - ' « V | _..^ '•;•••• •' • 

Wheat variety and location 
Wheat variety and growing 

location 
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Reference 
Verma, Hucl & Chibbar, 2009 
Verma et al., 2009 
Shahidi & Liyana-Pathirana, 
2008 
Beta et al., 2004 

Beta et al., 2004 

• SIwlS1V * * " T-". - JillllMl.'. '.... 
Menga et al., 2010 

immeermmimime^^si^v^rf, 
Menga et al., 2010 

Menga etal., 2010 
JJS,t, . .••••"•':."•-: :... • ~ 

Menga etal, 2010 

Menga etal., 2010 

Menga etal., 2010 

Sample 
Bran 
Bran 

Bran 
Bran 

Bran flour (183um) 

ii"'1'.%-r̂ SsSMSiI *,?-
Refined flour 

i hr ̂ 1.'-'^^^^^^M^Bii flit 

Flour with 6% bran 
Flour with 10% 

bran 

Control bread 
Bread with 6% 

bran 
Bread with 10% 

bran 

Units 
^ig/g FAE 

Hg/g FAE 
mg FAE/defatted 

wheat g 
mg FA/kg 

mg FA/kg 

mg FA/g dry matter 
jijjhyiiiivMj: '^"rgi/iViii y: 

mg FA/g dry matter 

mg FA/g dry matter 

mg FA/g dry matter 

mg FA/g dry matter 

mg FA/g dry matter 

Form of phe
nolic acid (if 

specified) 
F 
B 

MfJfFpnjP 

• «>fa4 

TPC 
1136-1670 

2784 - 4044 

2279, 3437 
3520-4510 

2510-3870 

0.4 
- ; . . . ; 

0.49 

0.58 

0.37 

0.56 

0.64 

Six wheat varieties 

Two wheat varieties 
Four wheat varieties 

Four wheat varieties 

- - - ,-,.- , ._..!... ...-:,. " • ' 

* estimated from a graph 
GA = Gallic acid, F = Free, B = Bound, GAE = Gallic acid equivalents, FAE = Ferulic acid equivalents, FA = Ferulic acid 
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Table 2-3: Literature values for phenolic acids quantified by HPLC 

Reference 

Adorn et al., 2003 

Fernandez-Orozco 
etal., 2010 

Adorn et al., 2003 

Zhou et al., 2004 

Fernandez-Orozco 
etal., 2010 

Hatcher & Kruger, 
1997 

Mpofu et al., 2006 

Mpofu et al., 2006 

Liu etal., 2010 

Liu etal., 2010 

Arranz, 2010 

Sample 

Grain 
(11 var) 

WG flour 
(26 var) 

Grain 
(11 var) 

WG flour 

WG flour 
(26 var) 

WG flour 
(5 var) 

WG flour 
(6 var) 

WG flour 
(4 locations) 

Red wheat 

White wheat 

Bran 

Form 

F 

F 

IB 

IB 

IB 

IB 

IB 

IB 

IB 

IB 

F 

Units 

ug/g* 

ug/g dry 
matter 

Ug/g* 

Ug/g 
wheat 

Ug/g dry 
matter 

ppm 

ng/g 

^g/g 

ng/g* 

ug/g* 

Ug/g* 

VA 

1.2-
7.0 

4.9 

3.4-
4.2 

7.8-
9.7 
7.8-
10.3 

13.4 

13.2 

0 

CA 

7.6-
12.9 
9.0-
11.9 

9.9 

8.3 

*t. 

1.8 

FA 

0.2-1.4 

1.2-3.5 

280.4-
583.1 

387.7-
591 

274.8-
334.4 
371.0-
441.0 
383.6-
449.5 

693.1 

743.5 

• f-

11.5 

Sin 

0-2.7 

33.7 

25.8-
100.3 

24 

7 

!? V 

0.7 

pCou 

1.9 

23.9-
34.2 
28.2-
34.5 

35.6 

27.3 

" i 

0 

Syr 

0.5-
2.2 

13.7 

2.0-
4.1 

11.6-
16.0 
10.2-
16.1 

0 

0 

» ^ 

0 

Proto 

0 

0 

J 

0 

pHB 

5 

*'> 

0 
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Reference 

Adorn & Liu, 2002 

Adorn & Liu, 2002 

Adorn et al., 2005 

Arranz & Saura 
Calixto, 2010 

Verma et al., 2009 

Zhou et al., 2004 

Kim et al., 2006 

Kim et al., 2006 

*?*& '*?, • '*- , W ' "; 

Arranz & Saura 
Calixto, 2010 

Mengaetal., 2010 

Arranz & Saura 
Calixto, 2010 

Mengaetal., 2010 

Sample 

Bran/germ 

Bran/germ 

Bran/germ 
(5 var) 

Bran 
(Acid, alkali) 

Bran 
(6 var) 

Bran 

Red bran 
(2 var) 

White bran 
(2 var) 

/ ' 

Refined flour 

Refined flour 

Refined flour 
(Acid, alkali) 

Refined flour 

Form 

F 

IB 

IB 

IB 

IB 

IB 

IB 

IB 

t 

F 

F 

IB 

IB 

Units 

ng/g* 

Hg/g* 

ng/g* 

Hg/g* 

bran 

"g/g 
wheat 

Hg/g 

Hg/g 
- • -

ng/g* 

lig/g* 

Hg/g 

Hg/g 

VA 

0, 
17.6 

nd-
90.6 

16.5 

13.4-
19.8 
18.1-
20.3 
** " , * 

0 

0 

CA 

0 

0-1.8 

r:mt^m 

0 

986,0 

FA 

1.10 

640.0 

1951.5-
2194.3 

60.1, 
219.3 

838.3-
1660.6 

1934-
1905 
1359-
1904 

» f . . - r 

0.18 

1.48 

0,2 

44.2 

Sin 

0,4.6 

67.3-
207.8 

209.3 

m*w-vt 

1.2 

tr, 0 

pCou 

0 

133.2-
476.8 

9 

33.1-
41.7 
36.8-
34.9 
- ' I S * 

2.8 

tr, 0 

1.72 

Syr 

0 

nd 

57.2 

26.6-
61.7 
40-
42.5 

l'***-.:4 

0 

0 

Proto 

804.6 
, 0 

. \--±4 
tr 

0 

pHB 

0 

19.5 

7.5-
12.9 
8.1-
10.4 

c*mt 
0 

32.2 

0 

0.4 
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Reference 

Mengaetal., 2010 

Mengaetal., 2010 

Mengaetal., 2010 

Mengaetal., 2010 

t IE Still nin it Jfci ISP,r 

Mengaetal., 2010 
Mengaetal., 2010 

Mengaetal., 2010 

Mengaetal., 2010 

Mengaetal., 2010 

Mengaetal., 2010 

Moore et al., 2009 

Moore et al., 2009 

Sample 

Flour with 6% 
bran 

Flour with 6% 
bran 

Flour with 10% 
bran 

Flour with 10% 
bran 

"' ""-MSHS.^'P" p"1 '̂™'? 
Refined bread 
Refined bread 
Bread with 6% 

bran 
Bread with 6% 

bran 
Bread with 10% 

bran 
Bread with 10% 

bran 
WW pizza crust 

(2 var) 
WW pizza crust 

(2 var) 

Form 

F 

IB 

F 

IB 

.^-"^ 
F 
IB 

F 

IB 

F 

IB 

F 

IB 

Units 

ug/g 

Ug/g 

ug/g 

ug/g 

ng/g 
ug/g 

Ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

ug/g 

VA 

0.5 

1.3 

• -._-

0.6 

2.0 

2.8 

CA FA 

1.9 

120.6 

2.5 

170.3 

t 

4.0 
49.4 

5.9 

108.8 

7.8 

138.6 

4.0-5.4 

197.3-
339.3 

Sin pCou 

3.1 

3.8 

3.2 

5.5 

6.7 

Syr 

1.9 

2.6 

^ . 

0.9 

3.1 

4.0 

Proto pHB 

73.9 

1.1 

112.7 

1.3 

- -'---A "-

22.2 
0.5 

54.1 

1.9 

59.1 

2.3 

*Converted to ug/g from original units reported (molar mass ferulic acid = 194.18g/mol) 
VA = Vanillic acid, CA = Caffeic acid, FA = Ferulic acid, Sin = Sinapinic acid, pCou =/?-Coumaric acid, Syr = Syringic acid, 
Proto = Protocatechuic acid, pHBA =/?-hydroxybenzoic acid, WG = Wholegrain, WW = Whole wheat, var = Variety, F = Free, 
IB = Insoluble bound, Nd = Not detectable, Tr = Trace 
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Sensory measures for understanding flavours/tastes of whokgrain products 

Numerous types of sensory tests have been conducted on wholegrain products. One 

group of tests that has often been used is descriptive profiling or trained panels. Trained 

panels are utilized to quantify the intensity of specific sensory characteristics of products. 

Panellists are familiarized with each sensation and are trained to rate the intensity of 

attributes on a scale (Meilgaard et al., 2007). There are a number of methods to obtain a 

descriptive profile of a product including but not limited to Flavour Profile Analysis 

(FPA) and Quantitative Descriptive Analysis (QDA). FPA involves a smaller group of 

panellists which evaluate the products based on attribute intensities, order of appearance 

and aftertaste. The results are then discussed amongst the group lead by a member of the 

panel. The panel settles on a consensus for each evaluation. The QDA method involves 

products and other references to develop the terminology with the assistance of a 

facilitator. Once the terminology is agreed upon, products are evaluated by the panellists 

individually using appropriate scales. The results from QDA can be statistically 

analyzed. 

Analyzing the descriptive sensory properties of wholegrain products may provide 

crucial information in determining specific sensory attributes that contribute to the 

negative consumer reactions of wholegrain products. To date, the majority of studies 

conducted have focused on evaluating different sensory characteristics perceived between 

wholegrain and refined products (Heinio, Liukkonen, Katina, Myllymaki & Poutanen, 

2003; Zielinski et al., 2008). 
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Flavour differences have been noted between wholegrain and refined grain 

products using QDA. Within rye bread, a more intense cereal flavour is perceived when a 

greater amount of the rye kernel is used to produce rye bread (Zielinski et al., 2008). 

Within raw grain, this flavour has also been described as a cereal flavour and aftertaste, 

both of which are more intense in the bran fractions in comparison to the endosperm. 

When these portions of the grain are used to manufacture bread, not only are the cereal 

flavour and aftertaste detected, but a bitter note is also perceived and it is stated that this 

is due to the bran (Heinio et al., 2003). 

The effect of bran particle size used in wholegrain flour on sensory perception has 

received little attention. Galliard and Gallagher (1988) reported that finer bran was 

perceived as having a more intense off flavour when compared to coarse bran when 

evaluated in bran water mixtures (Galliard & Gallagher, 1988). It has also been reported 

that bread prepared from finer bran was preferred in terms of flavour compared to bread 

prepared from coarser bran (Zhang & Moore, 1999). However, research on the effects of 

bran particle sizes on sensory properties in baked goods is limited. 

Although these studies provide a good insight to the differences between refined 

and wholegrain flours and breads, few studies focus on the differences specifically 

between red and white wheat. A study reported by Chang and Chambers (1992) is one of 

the few which has profiled the sensory differences between breads made from red and 

white whole wheat. Using FPA, it was reported that the same sensory characteristics are 

perceived for breads made with red and white whole wheat however, the intensity and the 

order of perception differed between the two breads. Within the crust of the white whole 
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wheat bread, brown ("a sharp, caramel, almost-burnt aromatic") (Chang & Chambers, 

1992) and tongue-numbing characteristics were perceived in the aftertastes that were not 

present within the red whole wheat crust. Furthermore, the red whole wheat crust had 

sour, bitter and burnt notes which lingered in the aftertaste. In general the white whole 

wheat crust had greater aroma and flavour intensities than the red whole wheat crust. 

Within the crumb, similar intensities were noted between the red and white whole wheat 

breads. However, the white whole wheat crumb had greater aftertaste intensities (Chang 

& Chambers, 1992). 

A second group of sensory tests commonly used for wholegrain products are con

sumer tests and these are utilized to gain an understanding about how much consumers 

like or dislike a product. As consumers are diverse, a large (greater than 60) number of 

consumers are usually required for testing in order to obtain statistically significant re

sults. Typically consumers are asked to rate their liking of a certain product or a certain 

attribute of that product on a hedonic (9-point liking) scale. There are many considera

tions used by consumers when purchasing a product, however, sensory properties specifi

cally taste and flavour, have been reported as a main factor (Glanz, Basil, Maibach, 

Goldberg & Snyder, 1998). This holds true for wholegrains. Adams & Engstrom (2000) 

reported that focus group participants suggested that they would be more inclined to con

sume wholegrain products if they tasted better (Adams & Engstrom, 2000). Consumer 

testing has been reported that supports the notion that refined wheat products are more 

acceptable from a sensory perspective in comparison to whole wheat products. Children 

show higher liking for refined flour products over whole wheat bread and partial whole 
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wheat products (Delk & Vickers, 2007). Adult consumers also prefer refined wheat 

products over whole wheat products for all sensory properties (Bakke & Vickers, 2007). 

Few studies have reported on the differences of consumer acceptance of red and 

white whole wheat products and those that exist have not focused on bread. Although 

hamburger buns produced from red and white wheat were shown to differ in their taste, 

no differences in preference were observed (Lang & Walker, 1990). Additionally, no dif

ferences in liking scores have been reported for tortillas (Ramirez-Wong et al., 2007) and 

muffins (when consumers were aware the products were whole wheat) (Camire et al., 

2006) made with red or white wheat. However, it has also been reported that muffins 

prepared from whole red wheat were preferred overall compared to those prepared with 

whole white wheat when consumers were unaware of the type of flour used to produce 

the muffins (Camire et al., 2006). Although Chang and Chambers (1992) reported in their 

FPA that different intensities and order of characteristics were perceived by the trained 

panel, it appears that these differences are not generally large enough to affect consumer 

liking. No published studies have linked consumer acceptance with descriptive profiling 

for wholegrain products. By identifying key differences between red and white whole-

grain products and refined products and relating these differences to consumer data, an 

understanding as to the specific characteristics that consumers find unappealing in 

wholegrain products may be obtained. This information will in turn help during product 

development to address some of the unacceptable characteristics. 

Consumer acceptance data, descriptive profiling and instrumental data can be 

correlated using multivariate statistical analyses. There are many types of methods to 

correlate these and they include internal preference mapping, external preference 
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mapping and partial least squares (PLS) mapping. The result of each mapping procedure 

is a depiction of the perceptual space where the relationship between the descriptive data 

and the consumer data for the products are represented. From these maps, one can 

visualize which characteristics are associated with each product and how well each of 

those products is liked. This gives an idea as to which sensory characteristics are 

important for consumer acceptability. Each type of mapping involves a slightly different 

statistical method to correlate the descriptive profile and consumer acceptance data and 

thus a slightly different multidimensional map will be developed. Internal preference 

mapping uses consumer data to place the products on the map, whereas external 

preference mapping uses descriptive data to position the products on the map. PLS 

mapping uses both sets of data to locate the products on the map (Meilgaard et al., 2007) 

and thus has been chosen as the mapping to be used for the data analysis. As well, PLS 

has the ability to predict numerous dependent variables during a single regression 

(Meilgaard et al., 2007). 

When applying a PLS regression, the descriptive data and/or the instrumental data 

is considered the independent variable and the consumer acceptance data is considered 

the dependent variable. The regression generates factors that explain the greatest amount 

of variability between the dependent variables, while correlating as much as possible to 

the independent variables. The factors that are identified via the regression are designed 

to have the "maximal predictive power" on the dependent variable (Meilgaard et al., 

2007). Consumers can be divided into homogeneous segments based upon their 

preferences. By grouping consumers into segments, one can easily identify and compare 
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product characteristics that drive liking between consumer segments (Meilgaard et al., 

2007; Tenenhaus et al., 2005). 

PLS regression can also be conducted using only instrumental (independent 

variables) and descriptive data (dependent variables). In one study, PLS regression was 

conducted to determine correlations between phenolic compounds and descriptive 

sensory data in rye grains. Free phenolic acids were found to be highly correlated with 

the flavours perceived in the rye grain. Ferulic and sinapinic acids were correlated with 

the bran and germ-like flavour whereas syringic acid was closely associated with 

bitterness (Heinio et al., 2008). However, the bound phenolic acids were not quantified in 

this study. This is one of the few studies that attempts to correlate phenolic acid quantities 

to the flavour properties within wholegrains. 

Objectives 

There appears to be a lack of information surrounding the sensory profiles of 

wholegrain products made from red or white wheat flour. Furthermore, little research has 

investigated the role that phenolic acids play in the sensory properties of wholegrain 

products. Therefore the objectives of this research were to investigate: 

l)Phenolic acid and sensory properties of red and white wheat bran as well as 

wholegrain products prepared from red and white wheat 

2)Phenolic acid and sensory properties of varying bran particle sizes of wheat ban 

and wholegrain flour 

3) Consumer acceptance of wholegrain products 
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4) The relationship, if any, between phenolic acids and sensory properties within 

wholegrain products 

This thesis is presented in a three manuscript format. The first manuscript will 

discuss phenolic acid quantities as well as the bitterness and astringency of bran infusions 

made from red or white wheat bran. The subsequent chapters will focus on baked 

products of varying moisture contents (intermediate or low). Intermediate and low 

moisture systems were chosen to represent two different baked product matrices. These 

products were made from red or white wholegrain wheat flours as well as fine and coarse 

bran particle sizes and the sensory properties and consumer acceptability of these 

products will be discussed. Furthermore, the phenolic acids from the baked products and 

the flours will be correlated to the sensory properties described by the descriptive panel. 
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CHAPTER 3 - WHEAT BRAN PHENOLICS EFFECT ON BITTERNESS AND 
ASTRINGENCY OF BRAN INFUSIONS 

Abstract 

Phenolic acids, while essential to plant biology and human health, may be 

contributing to unacceptable flavours perceived in wholegrain products either in their 

natural form or though a chemical reaction. The objective of this research was to 

investigate the contribution of bran phenolic acids to astringency and bitterness of red 

and white wheat brans. Effects of bran particle size on sensory properties were also 

investigated. Bran infusions were produced by boiling bran in water for different times 

(15-60 minutes). HPLC and total phenolic content (TPC) were used to quantify the 

phenolic acids. A descriptive analysis panel was used to characterize the astringency and 

bitterness of the bran infusions. Despite differences in the phenolic acid profiles and 

TPC, few differences were noted between the perceived astringency and bitterness of the 

bran infusions. As the perceived intensities were rated relatively low on the scale for 

astringency and bitterness of phenolic acids extracted from bran, future research should 

investigate products of baking processes that may be contributing to bitterness and 

astringency in wholegrain products. 
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Introduction 

As more evidence accumulates regarding the health benefits of wholegrain 

consumption, health organizations are promoting wholegrain consumption as part of a 

healthy lifestyle (Health Canada, 2007a). Despite the positive heath benefits, 

consumption of wholegrains still remains below the daily recommended intake (O'Neil, 

Nicklas, Zanovec & Cho, 2010). This may be due to unacceptable flavours in wholegrain 

products. It has been suggested that a reaction involving phenolic acids may alter the 

chemistry of the Maillard browning reaction in baked products which may be 

contributing to unacceptable flavours in wholegrain products (Jiang et al., 2009). 

Phenolic acids are located mainly in the bran fraction of wheat and are essential 

plant metabolites as they contribute to the defense, reproduction and normal growth and 

functioning of the plant (Liu, 2004). Phenolic acids can be divided into two main groups; 

hydroxycinnamic acids and hydroxybenzoic acids. Ferulic acid, the predominant phenolic 

acid which has been reported in wheat, is a hydroxycinnamic acid (Hatcher & Kruger, 

1997). Other hydroxycinnamic acids which have been reported within wheat bran arep-

coumaric, caffeic, and sinapinic acids (Liu, 2004). The hydroxybenzoic acids that have 

been reported to be contained with wheat bran include but are not limited to 

protocatechuic, vanillic, p-hydroxybenzoic and syringic acids (Liu, 2004). 

Phenolic acids may be inherently bitter and astringent or may be contributing to 

bitterness and astringency through their alteration by chemical processes. Specifically, it 

has been reported that infusions made with raw sorghum containing the highest total 

phenolic content (TPC) were perceived as more bitter and astringent than infusions with 
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lower TPC (Kobue-Lekalake et al., 2007). This research suggests that phenolic acids 

inherently may be contributing to the perceived bitterness and astringency. However, 

phenolic acids have been demonstrated to interfere with the chemistry of the Maillard 

reaction altering the reaction mechanism as well as the final products of the reaction 

(Jiang & Peterson, 2010; Jiang et al., 2009) suggesting that the perceived bitterness and 

astringency is a result of a chemical process. Information regarding the sensory 

properties of phenolic acids in wheat is limited and thus the objective of this study was to 

quantify the phenolic acid content as well as the perceived bitterness and astringency of 

wheat bran. Furthermore, factors affecting the phenolic acid content, such as the colour of 

wheat as well as particle size were also investigated. 

Materials and Methods 

Commercial red and white wheat bran produced from soft wheat were supplied by 

Kraft Mississauga Mill (Mississauga, ON). Bran was separated into 458 urn, 708 \im and 

850 urn particle sizes using a W.S. Tyler ROTAP RX-29 (Mentor, OH). 

Bran infusion 

In order to extract the phenolic acids which are commonly found in the bound form, 

bran was boiled in water for different times as reported by Kobue-Lekalake et al. (2007) 

(Kobue-Lekalake et al., 2007). This method was utilized to extract the phenolics while 

minimizing the occurrence of other chemical reactions. Commercial water procured from 

the local supermarket was used for the production of the bran infusions. Boiling water 

was added to beakers containing bran to produce a final concentration of 2% bran in 

water. Beakers were covered and brought to a boil on a hot plate. The first phase of this 
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research involved boiling bran for four different times (15, 30, 45 and 60 minutes). The 

second phase of this research focused on evaluating three different particle sizes. From 

the first phase, a 15 minute boiling time was selected to boil the three bran particle sizes 

in the second phase. Red and white wheat bran was utilized for each boiling time and for 

each particle size. After the allocated time, the bran infusions were centrifuged (Thermo 

Scientific, Sorvall RTI, Waltham, MA) at 4,000 rpm (2,600 g) for 5 minutes. The 

supernatant was reserved for phenolic content analysis and sensory assessment. 

Phenolic acid content 

Free and bound phenolic acids were extracted from the bran as described by Gamel 

and Abdel-Aal (2011) (Gamel & Abdel-Aal, 2011). 5 mL of 80% methanol was added to 

tubes containing 0.2g bran and then flushed with nitrogen. Samples were placed in a 

shaker (New Brunswick Scientific G24 Environmental Incubator shaker, Edison, NJ) at 

350 rpm for 30 minutes. Tubes were centrifuged (Thermo Scientific, Sorvall RTI, 

Waltham, MA) at 10,000 rpm (-15,000 g) for 10 minutes. The supernatant was 

decanted. Another 5 mL of 80% methanol was added, shaken and centrifuged. The 

supernatant was again decanted and the two supernatants were combined. 4 mL of this 

solution is evaporated to dryness under nitrogen. These samples containing the free 

phenolic acids were reconstituted with 1 mL water. The remaining pellet from the free 

phenolic acid extraction was washed with 10 mL of hexane before being subject to 

alkaline hydrolysis. 5 mL of 2M sodium hydroxide was added to the tube and stirred for 

one hour before being placed in the dark for approximately 18 hours. Hydrochloric acid 

(2M) was used to acidify the samples to a pH of 2. Samples were washed three times with 
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1:1 ethyl ether and ethyl acetate. The organic layer was separated and pooled from the 

three washes. The organic solvents were evaporated to dryness with nitrogen and the 

resulting phenolic acids constituting the bound fraction were reconstituted in 2 mL water. 

Bran infusions were injected as is into the HPLC. 

An Agilent Series 1100 HPLC equipped with a diode array detector (DAD) and a 

Supelcosil LC-18 (Supleco Analytical, Bellefont, PA) column was utilized for the 

separation and quantification of the phenolic acids. Detection was performed at five 

wavelengths in which the phenolic acid was quantified at its maximum absorption 

wavelength. A gradient elution using 6% formic acid and 6% formic acid in acetonitrile 

was used at a flow rate of 1 mL/min. Standards (Table A-1) were included in each run to 

verify retention times and UV/Vis spectra. 

Total phenolic content (TPC) 

Folin-Ciocalteu TPC assay was based upon methods reported by Kim et al. (2006). 

Briefly 1 mL of Folin-Ciocalteu reagent (diluted 1:10) was added to 0.2 mL of bran 

infusion or HPLC extract. After which 0.8 mL of saturated sodium carbonate solution 

was added. The mixture was allowed to sit for two hours at room temperature in darkness 

before the absorbance was read at 760 nm using a Varian Cary UV-Visible 

Spectrophotometer (Santa Clara, CA). Duplicates of three repetitions of the bran 

infusions are reported in gallic acid equivalents (Table A-1). 

Sensory analysis 

Participants (4 male, 6 female) for the descriptive panel were recruited from Guelph, 

Ontario and the surrounding communities. Ethics approval was obtained from the 
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University of Guelph Research Ethics Board (REB#09MA20 - Appendix B). Responses 

were collected using computerized data collection software Compusense Five © 2008 

(Compusense, Guelph, ON). 

Bran infusions were evaluated based upon their intensity of bitterness and 

astringency as defined in Table 3-1. Twenty-five hours of training were provided to 

familiarize the panellists with the terms. Tannic acid and caffeine solutions were utilized 

for astringent and bitter references, respectively. Line scales (15 cm) marked with 

references (Table 3-1) were used to evaluate the samples (Appendix C). Samples were 

stored in the refrigerator for not more than 12 hours before being evaluated and were 

served at room temperature. 10 mL of each sample were served in 2oz plastic cups, 

labeled with random three digit codes. Panellists evaluated each sample in an individual 

sensory booth, under red light. Panellists were required to wear nose plugs while making 

evaluations to allow them to focus on the bitter taste and astringent sensation as well as 

reducing the influence from volatiles compounds. A three minute break was given 

between samples, and a ten minute break was required halfway through sampling to 

reduce fatigue. Water, soda crackers and room temperature pectin rinse were also 

provided for palate cleansing between samples. Three repetitions of experiments were 

completed using a block design for boiling times and particle sizes. 

Statistics 

Data analysis was completed using SAS version 9.2 (SAS Institute Inc., Cary, NC). 

HPLC, TPC and sensory results were analyzed by ANOVA with interactions with 

specific differences among sample means determined using Tukey's honestly significant 
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difference (HSD) (p<0.05). Different independent variables that were examined include 

boiling time, colour and particle size. Means and standard deviations are reported. 

Results and Discussion 

Phenolic content: Bran 

Phenolic acid concentrations (free and bound) of the red and white bran are 

reported in Table 3-2. Overall, larger concentrations of bound phenolic acids were 

observed in comparison to free. Within the free phenolic acid fraction, significant 

differences were observed between the red and white bran for protocatechuic, vanillic, 

and ferulic acid. The white bran contained higher concentrations of vanillic and ferulic 

acid compared to the red bran. Protocatechuic was not detected within the white bran but 

was detected in the red bran. Within the bound fraction, few differences in phenolic acid 

concentration between red and white bran were observed. Bound caffeic acid was found 

to be higher in red bran than white bran. No differences in the concentration of any other 

phenolic acids were observed. Others have also reported that phenolic acid composition 

varies with bran colour (Kequan, Parry & Yu, 2005; Liu et al., 2010). 

The white bran contained a higher concentration of free total phenols as noted by 

the TPC compared to the red bran (Table 3-2). No significant differences were noted 

between red and white bran for bound TPC (Table 3-2). However, when the free and 

bound TPC were added together, a t-test demonstrated that there was no significant 

difference between total (free and bound) TPC. Similar to the current study, it has been 

reported by other groups that wheat colour does not correlate with TPC and other 

antioxidant activity assays (Beta et al., 2004; Mpofu et al., 2006). As commercial brans 
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and not pure varieties were used in this study, it may explain why few differences were 

noted between the TPC of the two brans. 

Phenolic content: Infusions 

Phenolic content of infusions based on bran colour 

Preliminary experiments were conducted to determine if there were phenolic acids 

bound to constituents within the bran infusions. Only trace amounts of bound phenolic 

acids were observed. Therefore only the extracted phenolic acids in the infusions were 

quantified. These are reported in Table 3-3. 

Red and white wheat bran were boiled for four lengths of time (15, 30, 45 and 60 

minutes). Magnitude interactions between colour and boiling time were observed for 

protocatechuic and syringic acids, where greater differences in the phenolic acid content 

for these compounds were observed between red and white bran as the boiling time 

increased (Figure G-1). The bran colour influenced the specific phenolic acid profiles of 

the infusions. Infusions prepared from red bran exhibited higher concentrations of 

protocatechuic and sinapinic acid when compared to infusions made from white bran 

(Table 3-3). Infusions prepared from white bran demonstrated higher concentrations of 

vanillic acid when compared to the red bran infusions. The differences observed in 

vanillic and protocatechuic acid in the infusions are similar to the differences observed 

within the raw brans. However, when TPC was averaged across boiling time, no 

significant differences were observed between red and white bran infusions (Table 3-3). 

Similar trends for the differences in phenolic acids were observed when bran colour was 

averaged across the particle size (data not shown). 
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The concentrations of extractable phenolic acids within the infusions were higher 

than the free phenolic acids found within the raw bran. This suggests that the infusion 

process was able to release a portion of the phenolic acids bound to the bran. The 

quantities of phenolic acids within the infusions are from the free as well as the bound 

fraction of the phenolic acids within the raw bran. The percentage of phenolic acids that 

the infusions process recovered from the bran was calculated by adding the quantities of 

each fraction of free and bound phenolic acids, and comparing the amount that was in the 

infusion (Table 3-3). The hydroxybenzoic acids had a higher recovery percentage, which 

ranged from 15-51%, compared to the recovery percentage of the hydroxycinnamic acids. 

Hydroxycinnamic acids recovery percentage ranged from 4-9% except for sinapinic acid 

which had a recovery percentage of approximately 25%. TPC had a higher recovery 

percentage than the individual phenolic acids of approximately 73%. When comparing 

data in Table 3-2 and 3-3, TPC is similar for the infusions and the bran. The Folin-

Ciocalteu method quantifies the total reducing capacity of the sample not just the content 

of phenolic acids (Huang et al., 2005; Michalska et al., 2008). It is possible that the 

infusion process extracted other reducing compounds that could also be contributing to 

TPC. 

Phenolic content of infusions based on boiling time 

As boiling time increased, quantities of all of the phenolic acids significantly 

increased (Table 3-4). However, an increase in TPC was also observed but significance 

was only noted for the 60 minute boil time. An increase in phenolic acids for longer 

boiling times was expected as there is more time for the phenolic acids to be extracted. 
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Phenolic content of infusions based on particle size 

Few differences in concentrations of phenolic acids were observed among the 

infusions made from bran of different particle sizes (Table 3-5). Infusions prepared from 

458 um bran contained greater concentrations of vanillic, syringic, />coumaric and 

ferulic acid when compared to the infusions prepared from 708 um and 850 um bran. It 

was expected that the phenolic acid content would increase as the bran particle size 

decreased. As the particle size gets smaller a greater surface area is exposed and thus it is 

expected that more phenolic acids would be extracted (Zhou et al., 2004). Moore et al 

(2009), however, also reported that no differences were observed in the TPC content of 

pizza crust prepared from wheat containing either 180 um or 850 um bran. It may be that 

the differences in particle size used in the current study were not great enough to elicit a 

large difference in phenolic acid quantities. 

Sensory analysis 

Bitterness and astringency of the bran infusions were not significantly different, 

regardless of bran colour when averaged across boiling time and particle size. All 

ANOVA results are shown in Appendix D. Red and white bran had a perceived 

astringency of 5.4 (+/-1.96), and 5.2 (+/-2.01) respectively. Red and white bran had mean 

scores for bitterness of 2.5 (+/- 1.34) and 2.5 (+/-1.47), respectively. 

Astringency did not differ significantly among boiling times when averaged across 

bran colour (Table 3-6). The astringency was rated approximately 5 of 15 on the scale 

indicating that the infusions had a relatively low intensity of astringency 
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The perceived bitterness of the infusions was the most intense after boiling for 30 

minutes (Table 3-6). The 45 and 60 minute boils were significantly less bitter than the 30 

minute boil. Although an overall decreasing trend was observed, the perceived bitterness 

was only rated between 2 and 3 on a 15 cm line scale thus from a practical perspective 

are not very different. At this low rating it is hard to draw a conclusion about a specific 

trend. 

No significant differences were observed for the perceived bitterness and 

astringency of the infusions made from varying particle sizes when averaged across bran 

colour (Table 3-7). 

Even though differences are observed in individual phenolic acid contents within 

the bran infusions for different boiling times and particle sizes, few differences in the 

perception of bitterness and astringency were noted. This could be due to a number of 

reasons. First, bitterness and astringency may be below threshold values. Threshold 

values for astringency of hydroxybenzoic acids ranged from 30 ppm to 240 ppm, while 

threshold values for hydroxycinnamic acids were reported between 10 and 90 ppm 

depending upon the individual acids (Maga & Lorenz, 1973). Phenolic acids in 

combination, however may lead to lower threshold values (Maga & Lorenz, 1973). In the 

current study, the concentration of hydroxybenzoic acids was approximately 20 ppm for 

the 60 minute boil infusion, while the hydroxycinnamic acid values were higher at 240 

ppm. All of the individual hydroxybenzoic acids were below their individual threshold 

values. For the hydroxycinnamic acids, ferulic acid (-197 ppm in 60 min boil infusion) 

was the only acid that was above its threshold value of 90 ppm as reported by Maga & 
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Lorenz (1973). In the current study, it may be that a synergistic effect between the 

compounds has led to the perception of astringency. Furthermore, the threshold values 

were determined using pure individual acids dissolved in water, while the infusions are a 

more complex system which may also be affecting the perception of bitterness and 

astringency. 

Conclusions 

Differences in phenolic acid profiles were observed for red and white wheat 

which carried over within the bran infusions. As expected, increasing the boiling time 

also increased concentrations of all phenolic acids quantified. Decreasing bran particle 

size increased concentrations of five of the phenolic acids. 

Despite differences within the phenolic acid concentrations very few differences 

were noted between the bitterness and astringency of the bran infusions. Overall, the 

infusions were rated relatively low for bitterness and astringency. This suggests that 

perhaps the changes in phenolic acid concentrations were not great enough to elicit 

changes in the sensory response. 

As the astringency and bitterness were low in solutions with phenolic acids 

extracted from bran, the bitterness and astringency perceived in baked wholegrain 

products may be a result of a chemical reaction occurring during the baking process. 

Future research should consider compounds and baking reactions which may be 

contributing to astringency and bitterness. The concentration of phenolic acids that was 

examined in this study may be below some individual's thresholds. Examining pure 
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varieties of wheat may elicit samples with a wider range of phenolic acid contents and 

thus a greater number of sensory differences may be observed. 
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Table 3-1: Sensory attributes, definitions and rating scale utilized for descriptive 
analysis 

Sensory 
Attribute 

Bitter 

Astringent 

Definition 

Basic bitter taste associated with caffeine and 
other bitter compounds; bitterness lingers long 
like an aftertaste 

A sensation that lingers and coats, dries and 
numbs the mouth, palate and tongue 

Rating Scale 

0 = Not bitter and 
15 = Very bitter 

0 = Not astringent and 
15 = Very astringent 
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Table 3-2: Means and standard deviation (SD) of phenolic acids (jtg/g bran) and total 
phenolic content (ug GAE/g bran) for red and white bran 

Free 
Bran colour 
Protocatechuic acid 

Mean 
SD 

/?-hydroxybenzoic acid 

Vanillic acid 

Syringic acid 

Caffeic acid 

/j-Coumaric 

Ferulic acid 

Sinapinic acid 

Total phenolic 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

content 
Mean 

SD 

Red 

0.9 U 

0.42 

0.9a 
0.24 

3.4b 
0.12 

1.3a 
0.77 

1.0a 
0.42 

nd 

8.3b 
1.46 

1.4a 
0.16 

905.9b 
10.75 

White 

nd 

1.0a 
0.54 

5.9a 
1.45 

2.2a 
0.56 

0.9a 
0.08 

nd 

14.0a 
3.29 

2.8a 
1.50 

1043.1a 
28.90 

Bound 
Red 

7.1 
1.11 

10.8a 
0.49 

18.4a 
2.96 

10.4a 
6.98 

31.5a 
9.71 

86.6a 
4.00 

3028.2a 
111.56 

88.0a 
36.48 

3657.3a 
52.69 

White 

nd 

10.6a 
1.66 

16.5a 
1.54 

8.0a 
3.47 

17.2b 
4.96 

82.0a 
13.28 

2757.9a 
469.52 

74.5a 
32.42 

3414.3a 
454.38 

1. Means with the same letter within a row for each phenolic fraction are not 
significantly different at p<0.05 

2.n = 4 
GAE = Gallic acid equivalents, nd = Not detected 
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Table 3-3: Means and standard deviation (SD) of phenolic acids (u.g/g bran) and total 
phenolic content (u.g GAE/g bran) of bran infusions for bran colour averaged across 
boiling time 

Bran colour 

Red 
Protocatechuic acid 

/^-hydroxybenzoic acid 

Vanillic acid 

Syringic acid 

Caffeic acid 

p-Coumaric acid 

Ferulic acid 

Sinapinic acid 

Total phenolic content 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

4.11 '2 

0.68 

2.0a 
0.74 

6.4b 
2.51 

2.4a 
1.53 

1.7a 
1.19 

3.5a 
2.58 

111.0a 
68.11 

23.0a 
11.89 

3264.6a 
471.76 

White 

nd 

2.2a 
0.90 

8.5a 
2.61 

1.5b 
0.65 

1.7a 
1.0 

3.8a 
2.44 

103.0a 
63.05 

19.5b 
10.41 

3316.3a 
492.51 

% Recovered 
Red 

51 

17 

29 

21 

5 

4 

4 

26 

72 

White 

-

19 

38 

15 

9 

5 

4 

25 

74 

1. Means with the same letter within a row are not significantly different at 
p<0.05 

2. n = 24 (4 boiling times * 3 days *2 reps) 
GAE = Gallic acid equivalents, nd = Not detected 
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Table 2>-4: Means and standard deviation (SD) of phenolic acids (u.g/g bran) and total 
phenolic content (jig GAE/g bran of bran infusions for boiling time averaged across 
bran colour 

Boiling time (min) 
15 

Protocatechuic acid 

/j-hydroxybenzoic 

Vanillic acid 

Syringic acid 

Caffeic acid 

p-Coumaric acid 

Ferulic acid 

Sinapinic acid 

Mean 
SD 

acid 
Mean 

SD 

Mean 
SD 

Mean 
SD 

Means 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Total phenolic content 
Mean 

SD 

1.8bu 

1.85 

1.4c 
0.21 

5.5b 
1.46 

L ib 
0.45 

0.6c 
0.25 

1.4c 
0.75 

34.2d 
2.56 

8.8d 
2.32 

3036.5b 
199.52 

30 

1.5b 
2.20 

1.7c 
0.24 

6.9b 
1.48 

1.5b 
0.54 

1.1c 
0.28 

2.0c 
0.71 

64.9c 
4.21 

15.9c 
2.85 

3104.8b 

285.29 

45 

2.4ab 
2.09 

2.3b 
0.42 

7.8ab 
1.97 

2.4a 
0.71 

2.0b 
0.69 

4.2b 
1.66 

128.2b 
11.20 

25.1b 
4.50 

3119.0b 
235.01 

60 

2.8a 
2.50 

3.2a 
0.70 

9.8a 
3.66 

2.8a 
0.96 

3.0a 
0.91 

6.8a 
1.71 

196.7a 
26.30 

36.1a 
6.35 

3679.3a 
573.16 

1. Means with the same letter within a row are not significantly different at p<0.05 
2. n = 12 (2 bran colour * 3 days * 2 reps) 
GAE = Gallic acid equivalents 

47 



Table 3-5: Means and standard deviation (SD) of phenolic acids (ug/g bran) and total 
phenolic content (fig GAE/g bran) of bran infusions for particle size averaged across 
bran colour 

Particle size ( 
458 

Protocatechuic acid 

/7-hyd roxy benzoic 

Vanillic acid 

Syringic acid 

Caffeic acid 

/j-Coumaric acid 

Ferulic acid 

Sinapinic acid 

Mean 
SD 

acid 
Mean 

SD 

Mean 
SD 

Means 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Mean 
SD 

Total phenolic content 
Mean 

SD 

1.5a1-2 

1.92 

1.3a 
0.46 

7.4a 
1.72 

1.7a 
0.31 

0.8a 
0.10 

1.8a 
0.22 

52.9a 
2.97 

7.2a 
1.63 

3011.0a 
264.84 

708 

1.5a 
1.60 

1.0b 
0.18 

6.1b 
1.39 

1.4b 
0.35 

0.7a 
0.15 

1.7ab 
0.32 

45.5b 
8.70 

8.0a 
3.12 

2994.3a 
251.56 

um) 
850 

1.6a 
1.65 

1.0b 
0.17 

4.8c 
1.26 

1.3b 
0.27 

0.7a 
0.17 

1.6b 
0.26 

41.6b 
6.87 

7.8a 
0.98 

2988.8a 
330.12 

1. Means with the same letter within a row are not significantly different at p<0.05 
2. n = 12 (2 bran colour * 3 days * 2 reps) 
GAE = Gallic acid equivalents 
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Table 3-6: Means and standard deviations (SD) of sensory attributes of bran 
infusions for boiling time averaged across colour 

Boiling time (min) 

Sensory 
Attribute 

Astringent 

Mean 

SD 

Bitter 

Mean 

SD 

15 

5.5a1'2'3 

2.10 

2.7ab 

1.47 

30 

5.6a 

1.85 

2.8a 

1.62 

45 

5.2a 

2.06 

2.2b 

1.22 

60 

4.9a 

1.90 

2.3b 

1.21 

1. Means with the same letter within a row are not significantly different at p<0.05 
2. Refer to Table 3-1 for scales 
3.n = 60 (10 panellists * 2 bran colour * 3 reps) 
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Table 3-7: Means and standard deviation (SD) of sensory attributes of bran 
infusions for particle size averaged across colour 

Particle size (u.m) 

Sensory 
Attribute 

Astringent 

Mean 

SD 

Bitter 

Mean 

SD 

458 

5.0a1'2 

1.97 

2.4a 

1.44 

708 

5.4a 

2.33 

2.5a 

1.58 

850 

5.2a 

2.16 

2.6a 

1.48 

1. Means with the same letter within a row are not significantly different at p<0.05 
2. Refer to Table 3-1 for scales 
3. n = 60 (10 panellists * 2 bran colour * 3 reps) 
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CHAPTER 4-SENSORY CHARACTERISTICS AND CONSUMER ACCEPTANCE OF 
BREAD AND CRACKER PRODUCTS MADE FROM RED OR WHITE WHEAT 

Abstract 

Wholegrain consumption is being promoted due to a number of associated health 

benefits. However, wholegrain consumption is below recommendations possibly due to 

the presence of characteristic flavours that consumers find unacceptable. The objective 

of this study was to investigate the sensory characteristics and consumer acceptance of 

products made from commercial wholegrain flours produced from red or white wheat, 

and with fine or coarse bran particle sizes. Descriptive analysis and consumer acceptance 

panels were used to characterize both low (cracker) and intermediate (bread) moisture 

products made with the flours. Partial least squares (PLS) regression was used to 

correlate the descriptive and consumer data. Sensory differences in wholegrain products 

made from red or white wheat with small or large bran particles sizes and product 

moisture contents were observed. Bran particle size had a greater effect on the sensory 

properties of the wholegrain products, particularly within the cracker; conversely bran 

particle size had little influence on consumer acceptance. Red wheat products were found 

to be more acceptable than the white wheat products. However, a number of colour*bran 

particle interactions were observed in both the descriptive and consumer data. PLS 

regression demonstrated that consumers could be divided into groupings based upon 

certain attributes and characteristics. 
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Introduction 

Consumption of products made with wholegrains are being promoted globally by 

international organizations. This is due to the positive association of a diet high in 

wholegrains with reduced risk of coronary heart disease, type II diabetes and some types 

of cancers (Health Canada, 2007a; Jones, 2006). There are numerous components within 

wholegrains including vitamins, resistant starch, minerals, fiber and phytochemicals 

which likely contribute to the observed health benefits (Jones, 2006; Slavin et al., 1999). 

However, regardless of these benefits the consumption of wholegrains remains below the 

daily recommendations (CNeil et al., 2010). 

The reasons for reduced consumption of wholegrain products are however, 

unclear. It may be that altered sensory properties of whole wheat products compared to 

refined wheat products are contributing to the low consumption of wholegrain products. 

Wholegrain products have been described as having more intense flavours than their 

refined counterparts. For instance, within rye based products it has been reported that 

greater flavour intensity is perceived in products made from bran in comparison to those 

made from endosperm (Heinio et al., 2008; Heinio et al., 2003). 

Red wheat is the primary wheat grown within North America (Agriculture and 

Agri-Food Canada, 2010; USDA, 2010) due to its agronomic hardiness. However, 

anecdotal evidence from the food industry has reported that wholegrain products from 

white wheat are more acceptable from a sensory perspective than wholegrain products 

from red wheat. It has been reported that white wheat imparts a milder taste than red 

wheat. Furthermore, a bitter note has been reported to be perceived within red wheat 
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(Smith Edge, Miller Jones & Marquart, 2005). From a research perspective, few studies 

have reported sensory differences between red and white wheat products. A Flavour 

Profile Analysis (FPA) study comparing red and white wheat pan bread found that 

similar characteristics were perceived between the two bread types although the order of 

appearance during the chewing process, and the intensity of the attributes varied (Chang 

& Chambers, 1992). Although flavour differences were observed in breads with FPA, it 

was not clear if these differences have an effect on consumer liking (Bakke, Vickers, 

Marquart & Sjoberg, 2007). 

Consumer testing of products made with red and white wheat is limited. It has 

been reported that consumers were able to distinguish between red and white wheat 

hamburger buns, although no clear preference difference was found (Lang & Walker, 

1990). Similarly, no consumer liking differences were observed for red and white wheat 

tortillas (Ramirez-Wong et al., 2007) and for red and white wheat bread (Bakke and 

others 2007). Within the same paper another study reported that bread prepared from red 

whole wheat was rated the highest for acceptability when compared to bread prepared 

from white whole wheat (Bakke et al., 2007). Muffins prepared from whole red wheat 

were preferred overall compared to those prepared with whole white wheat when 

consumers were unaware of the type of flour used to produce the muffins. However, 

when consumers were informed that both muffins were prepared with whole wheat, 

overall acceptance was not different (Camire et al., 2006). Since data on both consumer 

and descriptive profiling is limited, there is a need to investigate baked products produced 

from red and white wheat. Therefore, the objective of this paper was to profile 

intermediate moisture (bread) and low moisture (cracker) products manufactured from 
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red and white wheat, and to collect consumer information on the liking of these products. 

Furthermore, bran particle size has been reported to have an effect on the rheological 

characteristics of bread dough and sensory acceptability of baked products (Zhang & 

Moore, 1997). Bread prepared from the finer bran was preferred in terms of flavour 

compared to the bread prepared from coarser bran (Zhang & Moore, 1999). Within 

Canada, fiber health claims are not permitted on products prepared from wheat bran if the 

particle size less than 500 \im (Canadian Food Inspection Agency, 2010). However, 

currently no regulations exist for wholegrain particles sizes with the United States. Thus, 

two bran particle sizes were investigated to obtain a greater understanding of how bran 

particle size affects the sensory properties of wholegrain products. 

Materials and Methods 

Commercial hard and soft wheat flours were provided by Kraft Mississauga Mill 

(Mississauga, ON). Four 100% wholegrain flours (red fine bran, red coarse bran, white 

fine bran and white coarse bran) were utilized and refined flour was included as a control. 

The majority (84%) of the fine wholegrain flour passed through a 149 \im sieve. The 

coarse flour had a particle size distribution with less than 20% passing through the 149 

[im sieve and less than 5% passing through 840 \im sieve. The remaining coarse flour had 

a fairly even distribution from the remaining five sieves ranging from 162-710 urn. The 

moisture contents of the flours ranged between 10.6% to 13.0% for the hard flours and 

10.3 % to 12.1% for the soft flours. The protein content (N x 5.7) of the refined flours 

were 11.9% and 6.5% for hard and soft flours, respectively. The four wholegrain flours 
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ranged between 11.8% to 12.4% for the hard flours and 8.2% to 9.7% for the soft wheat 

flours. 

Bread preparation 

Bread was prepared from hard flours using the standard AACC method 10-10.03 

(American Association of Cereal Chemists, 1999). Optimal water absorption was 

determined by observing the amount of water required to reach the 500 BU consistency 

line on a C.W. Brabender Farinograph®-E (South Hackensack, NJ). The average 

moisture of the crumb was 42% (+/-1.44) while the average moisture of the crust was 

25% (+/-0.95). 

Cracker preparation 

Chemically leavened crackers were produced at Reading Bakery Systems 

(Reading, PA) with the soft flours provided by Kraft Mississauga Mill (Mississauga, 

ON). The crackers contained flour (100% flour basis; fb), 7% fb shortening, 4% fb sugar, 

0.06% fb monocalcium phosphate, 0.06% fb sodium bicarbonate, 0.8% fb salt and 40 -

44% fb water, depending upon the flour type. The dough was sheeted out to 0.2 cm thick 

and was baked using a 2-zone PRISM oven and dryer (Reading Bakery Systems, 

Reading, PA). Once at room temperature the products were sealed into metallic bags. 

Final product moistures were approximately 3% (+/-0.43). 

Sensory analysis 

Participants for the descriptive and consumer acceptance panels were recruited 

from Guelph, Ontario and the surrounding communities. Ethics approval was obtained 

from the University of Guelph Research Ethics Board (REB#09MY20 and 09JA028). 
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Refer to Appendices B and E for examples of consent forms. Responses were collected 

using computerized data collection software Compusense Five © 2008 (Compusense, 

Guelph, ON). Independent panels were conducted for the evaluation of the bread and 

cracker. 

Descriptive analysis 

Descriptive analysis was performed on the crumb and crust of the bread and 

cracker by a trained panel. Panelists were selected based on their taste acuity, availability 

and interest in the project. 13 panelists participated on the bread panel and were trained 

for 20 sessions. For the cracker panel, there were 10 participants who were trained for 13 

sessions. A shorter time frame was needed for the cracker training, as many of the 

panelists had developed expertise in the process of sensory testing. During training, 

panelists generated the attributes that were to be evaluated (Table 4-1). Additional 

training involved familiarization with the attributes as well as practicing with the scales. 

Between tasting tests, a slice of Gala apple and a glass of water were provided to 

cleanse the palate. Samples were designated random three digit codes and presented in a 

randomized order with a 3 min break between each sample. As there were visible 

differences between the products all testing was conducted under red light. Samples were 

evaluated on a 15 cm line scale with anchors as described in Table 4-1 for the bread and 

crackers (Appendix C). 

Bread 

Crumb and crust of bread samples were evaluated separately. The product was 

sliced into 2.3 cm widths using a Waring Pro FS150 food sheer (Torrington, CT). The 
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crumb was sliced into 2.3 cm x 2.3 cm x 1.3 cm pieces while the crust was sliced into 

1.3 cm x 2.3 cm x 0.5 cm pieces. Products were tested 24 h after baking. On each day of 

testing, three samples of the crumb and crust were placed in separate sealed plastic bags 

for not more than one hour prior to testing. A total of four repetitions of testing were 

completed. 

Cracker 

Two portions of each sample (4.6 cm x 4.6 cm x 0.3 cm) were provided in sealed 

plastic bags during the testing period. The products were placed in the plastic bags for not 

more than one hour prior to testing. All five samples were evaluated in one session and a 

total of three repetitions of testing were completed. 

Consumer acceptance 

Each participant evaluated all samples in a randomized order under white light. A 

glass of water and a slice of Gala apple were provided to cleanse the palate between 

samples. Panelists were asked to provide their liking responses on a 9-point hedonic scale 

(1 = dislike extremely and 9 = like extremely) for overall liking, appearance, flavour, and 

texture. The strength of aftertaste was evaluated on a 5-point scale (1 = no aftertaste and 

5 = strong aftertaste). Demographic questions including age, gender, frequency and type 

of grain consumption was included in the questionnaire (Appendix F). 

Bread 

The bread consumer acceptance panel consisted of 73 untrained participants (28 

male, 45 female). Half a slice of each product type (4.3 cm x 7.9 cm x 0.8 cm) was 

presented to the panelists in a sealed plastic bag. Products were baked the day prior to 

testing and were cut not more than one hour before being served. 
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Cracker 

A total of 76 participants (31 male, 45 female) partook in the cracker consumer 

panel. Participants received two portions of each product to make their evaluations. 

Statistical analysis 

Statistical analysis of the collected sensory data was conducted using SAS version 

9.2 (SAS Institute Inc., Cary, NC). Bread and cracker products were analyzed 

independently. Data were analyzed in two ways using the glm procedure due to missing 

data from one panelist for the bread descriptive panel. First, means of the wholegrain 

descriptive analysis data were compared to the refined control using a Dunnett's test. 

Second, sensory properties of all wholegrain samples were analyzed using ANOVA with 

interactions (colour, particle size, colour*particle size) with specific differences among 

means determined using Tukey's honestly significant difference (HSD) (p<0.05). Means 

and standard deviations are presented. 

Partial Least Squares (PLS) mapping was conducted to relate the descriptive 

sensory data to the consumer liking data to determine drivers of liking for wholegrain 

products. Panelists were clustered based upon overall acceptance using Ward's method 

(Martinez, Santa Cruz, Hough & Vega, 2002). The mean overall liking scores for each 

product from each cluster were then correlated to the descriptive sensory data using PLS 

mapping. PLS mapping was completed using XLSTAT 2010 (New York, NY). 
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Results and Discussion 

Descriptive analysis 

Sensory differences from control 

When compared to the control using a Dunnett's test, the wholegrain products 

were perceived as having a greater intensity for a majority of the attributes with a few 

exceptions (Figures 4-1 and 4-2). Within the bread, attributes that were less intense than 

the control included yeast flavour within the crust and crumb, and the sweet taste within 

crumb (Figure 4-1). The control crust and crumb were perceived as having a greater 

intensity of yeast flavour compared to all four wholegrain samples. The white coarse 

crumb was perceived as being less sweet than the control. 

Within the crackers the red coarse and white coarse samples were perceived as 

less sweet, less crisp and not as hard as the control (Figure 4-2). Conversely, they were 

also perceived as more sour and bitter than the control. Furthermore, within the crackers, 

the white fine was the only cracker type to be perceived as harder than the control. 

Similar results have been reported in rye grain (Heinio et al., 2003) where rye 

flour, as well as rye bread, made from the outer portions of the kernel were perceived as 

having a more intense flavour when compared to the refined flour. Volatile components 

have also been reported to be greater in whole wheat breads when compared to refined 

wheat breads (Chang, Seitz & Chambers, 1995). These volatile compounds may be 

contributing to the greater intensity of the flavours attributes that were perceived in whole 

wheat products. 
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In the current study, the wholegrain samples were perceived as more bitter within 

the crust and crumb of the bread when compared to the refined wheat bread. All the 

wholegrains samples were perceived as more astringent within the bread crumb, however 

only the fine bran particle sizes had a greater astringency perception within the bread 

crust. Within the crackers the coarse bran particle sizes were perceived as more bitter 

than the refined wheat, while no significant differences in astringency were noted. Few 

differences were noted in sour taste. Since phenolic acids have been shown to be 

concentrated in wheat bran (Adorn et al., 2005), it is hypothesized that these phenolic 

compounds may be contributing to the flavours observed within whole wheat products. It 

has been reported that phenolic acids were found to be precursors of bitter compounds in 

coffee beans, after the beans were roasted (Frank et al., 2007; Frank et al., 2008). 

Through redox reaction, phenolic acids have been demonstrated to react with adducts of 

the Maillard reaction. It is hypothesized that the resulting phenolic-Maillard product may 

have an effect on the perceived flavours in wholegrain products (Jiang & Peterson, 2010; 

Jiang et al., 2009). Within cereal products phenolic acids have been associated with taste 

and flavour properties including bitter (Busch et al., 2006; Heinio et al., 2008; Huang & 

Zayas, 1991; Kobue-Lekalake et al., 2007; Molteberg et al., 1996; Robichaud & Noble, 

1990), astringent (Huang & Zayas, 1991; Kobue-Lekalake et al., 2007; Robichaud & 

Noble, 1990), sour (Huang & Zayas, 1991), cereal flavour, and germ-like flavour (Heinio 

et al., 2008). 
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Effect of wheat colour 

Within the bread crust no differences in the sensory properties between the red 

and white wheat were observed (Table 4-2). All ANOVA results are shown in Appendix 

D. Bitterness and sweetness were the only attributes that were significantly different 

within the bread crumb, wherein white wheat crumb was perceived as being more bitter 

and less sweet than the red wheat crumb. Significant interactions were noted for the 

grainlike attribute between wheat colour and particle size (Figure G-2). This interaction 

shows that the white coarse crust and crumb were perceived as more grainlike than the 

other products. Similar interactions were observed for the salty and yeasty attributes 

within the crumb. The red coarse and the white fine crumbs were perceived as having a 

greater intensity of saltiness and yeast flavour than the red fine and white coarse crumb. 

Chang and Chambers (1992) reported that similar attributes were present in red and 

white whole wheat breads, but differed in order of appearance and intensity (Chang & 

Chambers, 1992). These researchers reported that bread made from red wheat was 

sweeter, which agrees with the data shown in Table 4-2. It was also reported that red 

wheat bread was perceived to be more bitter than the white wheat bread, although the 

bitterness varied between two types of white wheat indicating that a varietal or 

environmental factor may have contributed to the perceived sensory properties of the 

wheat (Chang & Chambers, 1992). Conversely, within the current study the white wheat 

crumb was perceived as more bitter than the red wheat crumb. This may be due to the 

different varieties of wheat that were used to produce the products. Phenolic compounds 

have been reported to vary between red and white wheat that may be contributing to the 

perceived level of bitterness as previously discussed. It is thought that the genetics that 
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dictate the red wheat colour also control phenolic compounds pathways (Himi et al., 

2005). However, it has also been reported that no difference in total phenolic content 

exists between red and white wheat (Beta et al., 2004). Stressors and the environment 

also influence phenolic content (Bravo, 1998; Mpofu et al., 2006). These variables could 

provide a plausible explanation as to why in the current study, white wheat products were 

perceived as more bitter than the red wheat products. 

Within the crackers, hardness and earthy were the only attributes that were 

significantly different between the red and white wheat (Table 4-2). The white wheat 

crackers were perceived as harder than the red wheat crackers. No differences in 

bitterness were noted between the red and white wheat crackers. 

The earthy note was the only attribute within the crackers where a significant 

interaction was observed (Figure G-2). The white coarse cracker followed by the red 

coarse cracker, were perceived as earthier than other samples. 

Effect of bran particle size 

Table 4-3 shows the mean scores and standard deviations for the bread and 

cracker descriptive panel results for particle sizes. The crust and crumb produced from 

the fine wheat were perceived as being sweeter than the crust produced from the coarse 

wheat. It is hypothesized that the intense grainlike note may be suppressing the sweetness 

resulting in lower sweetness intensity within the coarse crust and crumb. Also, the fine 

crumb was perceived as having a significantly more intense wheat note when compared 

to the coarse crumb. Although significantly different, the fine crumb was rated only 

slightly higher on the line scale, and thus practically the differences could be negligible. 
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In comparison to the bread, a greater number of differences were noted between 

the two particle sizes within the crackers (Table 4-3). The fine products were rated higher 

for sweetness, wheat, dairy, hard and crisp whereas the coarse products were rated higher 

for sour, toasted, grainlike, branlike, bitter and coarseness. Similar to the bread, the 

grainlike and branlike notes in the coarse crackers may be overpowering the sweetness in 

the fine crackers. In both the bread and crackers, the fine bran particle size was perceived 

as sweeter than the coarse bran particle size. Previously it has been reported that bread 

prepared with whole wheat containing greater proportion of smaller particle sizes was 

sweeter than bread prepared with flour with a smaller proportion of fine particle sizes. 

The authors hypothesized that the finer particle sized flour had a greater portion of 

damaged starch due to the milling conditions. The greater proportion of damaged starch 

led to greater hydrolysis by alpha- and beta- amylases that reduce carbohydrates into 

simple sugars. The increase in perceived sweetness was attributed to the higher enzyme 

activity (Kihlberg, Johansson, Kohler & Risvik, 2004). In the current study, the finer bran 

in bread may have had greater enzymatic hydrolysis due to greater damaged starch as 

suggested by Kihlberg et al (2004). However, soft wheat flour, used for crackers, 

generally contains lower proportions of damaged starch than hard wheat flour. Therefore, 

enzyme hydrolysis cannot be the only factor governing the perception of sweetness. 

A number of difference trends were reported between the bread and crackers. For 

example, a greater number of differences were observed between the fine and coarse 

particle sizes within crackers than with the breads. Previous research has shown that 

aromatic volatiles vary as the water content of cereal products varies (Clawson, Linforth, 

Ingham & Taylor, 1996). These results possibly suggest that the water content may be 
63 



influencing the perception of wholegrain products as different volatiles may be produced 

under different moisture conditions. Furthermore, the ingredients, and processing 

conditions also differ between the two types of products. Furture research is underway to 

investigate these effects on the sensory properties of wholegrains. 

Consumer acceptance 

The descriptive panels were conducted using red light to mask the differences in 

the product's appearance as to not influence the panelist's responses. However, 

appearance is an important element of consumer liking and thus the consumer panel was 

completed using white light so panelists could consider the product's appearance in their 

evaluation. 

Effect of wheat colour 

The bread produced from red wheat were liked significantly more in terms of the 

flavour, as well as overall when compared to the samples produced from white wheat 

(Table 4-4). All ANOVA results are shown in Appendix D. Based on mean liking scores 

within this panel for these samples, the panelists rated the red wheat as 'like slightly' 

where as the white wheat was rated on the higher end of 'neither like or dislike' 

indicating that neither product was particularly liked, and that the differences between the 

red and white wheat products were not large. Significant interactions were observed for 

the appearance, texture and strength of aftertaste (Figure G-3). Similar interactions were 

noted for appearance and texture where the coarse red was rated most acceptable and the 

white coarse was rated the least acceptable. Furthermore, the white coarse was rated as 
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having the strongest aftertaste whereas the red coarse was perceived as having the mildest 

aftertaste. 

For the crackers, the red wheat cracker was significantly more acceptable than the 

white wheat cracker, similar to observations made with the bread (Table 4-4). Significant 

differences were also observed for appearance and texture where the red wheat products 

were more acceptable than the white wheat products. Similarly to the bread, the ratings 

for this panel for these samples were between 'neither like or dislike' and 'like slightly'. 

Significant interactions were observed for the flavour and strength of aftertaste in the 

crackers (Figure G-3). The white coarse cracker was perceived as having the strongest 

aftertaste and the least acceptable flavour whereas the red wheat cracker was perceived as 

having the mildest aftertaste and the most acceptable flavour. 

For both products types the appearance of products produced from red wheat were 

found to be more acceptable. Bakke and Vickers (2011) reported that darker coloured 

bread was more preferred to those consumers who preferred whole wheat bread. It was 

also suggested that the darker colour is more associated with sensory properties 

associated with whole wheat (Bakke & Vickers, 2011). In the current study, the majority 

of consumers (81%) within the bread panel indicated that whole wheat bread was most 

frequently consumed. This may be a contributing factor as to why the red wheat products 

had greater acceptability for appearance. 

It has been reported that no differences in acceptability were reported between red 

and white wheat, hamburger buns (Lang & Walker, 1990), tortillas (Ramirez-Wong et al., 

2007) and muffins (when consumers were aware that both were wholegrain) (Camire et 
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al., 2006). Similar to the current study, when consumers were unaware that both the red 

and white wheat muffins were produced from wholegrain flour the red wheat muffins 

were preferred (Camire et al., 2006). Although in the current study, differences were 

observed between red and white wheat in both bread and cracker products, the 

differences were not large in magnitude. Furthermore, a number of interactions were 

observed between colour and particle size, indicating that the effect of wheat colour 

changes depending on the particle size. 

Effect of particle size 

No significant differences in liking were observed between the fine and coarse 

particle size for both the bread and cracker products as shown in Table 4-5. While the 

particle size appears to affect the perceived sensory properties as described by the 

descriptive panel (Table 4-3) it does not have an effect on the acceptability of the 

products. Conversely, it has been reported that bread produced with fine bran was found 

to be more acceptable with a more appealing flavour profile than bread produced with 

coarse bran (Zhang & Moore, 1999). 

Relationship between trained and consumer panel data 

The descriptive analysis data were correlated with the consumer acceptance data 

to determine which attributes may be influencing consumer acceptance. Consumers were 

clustered based upon their overall liking scores for the bread and crackers. Three clusters 

of consumers were identified (Table 4-6). The first group of'consumers found the 

wholegrain products more acceptable. Within the bread crust (Figure 4-3) and crumb 

(Figure 4-4) the wholegrain products were associated with wheat, malt, molasses and 
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astringent characteristics. The wholegrain crackers that were associated with cluster 1 

were astringent, grainlike, toast, wheat, bitter and earthy (Figure 4-5). The second cluster 

preferred the refined products for both the bread and crackers. Within the bread crust, the 

refined products were correlated with yeasty and salty, whereas the refined cracker was 

correlated with sweetness. For the bread, the third cluster was associated with sweet 

(crumb and crust) and yeasty (crumb). The third cluster that evaluated the crackers was 

associated with the texture terms, including hard and crisp indicating that texture may be 

a key driver for these consumers. 

Conclusion 

The sensory properties of wholegrain products were significantly influenced by 

the colour of wheat, the particle size of bran in the flour and by the type of products made 

using the flours. Bran particle size appears to be important, especially if low moisture 

products are being manufactured. This research also demonstrates that wheat colour 

influences the sensory properties and consumer acceptance of wholegrain products. 

Through PLS mapping, correlating the descriptive data to the consumer acceptance data, 

this research identified three groups of consumers. One group preferred the wholegrain 

products and associated attributes. One group preferred attributes that were not captured 

by any of the products presented, while another group preferred the refined wheat 

products. Perhaps there are no wholegrain products that appeal to these two consumer 

groups. Future research should investigate consumer acceptance of commercially 

available wholegrain products, to identify consumer groups that are not captured by the 

current market offerings. 
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Table 4-1: Sensory attributes definitions and rating scale utilized in descriptive 
analysis 

Sensory 
Attribute 

Definition Rating Scale 

Attributes evaluated for bread and crackers 

Sweet The taste sensation perceived on the tongue 
as stimulated by sucrose and other sugars 

Salt The taste sensation perceived on the tongue 
as stimulated by sodium salts, such as 
chloride and in part other salts 

Sour The taste sensation perceived on the tongue 
as stimulated by acids such as citric acid 

Bitter Basic bitter taste associated with caffeine 
and other bitter compounds; bitterness 
lingers long like an aftertaste 

Astringent A sensation that lingers and coats, dries 
and numbs the mouth, palate and tongue 

Grainlike A general term used to describe the dusty 
or musty aromatics associated with grains 
such as corn, wheat and oat 

Wheat A light, baked wheat flour note 

Toast The flavour associated with baked flour 

0 = Not sweet 
15 = Very sweet 
0 = Not salty 
15 = Very salty 

0 = Not sour 
15 = Very sour 

0 = Not bitter 
15 = Very bitter 

0 = Not astringent 
15 = Very astringent 

0 = Not grainlike 
15 = Very grainlike 

0 = Not wheaty 
15 = Very wheaty 
0 = Not toasted 
15 = Very toasted 

Additional attributes evaluated for breads 

Yeast The smell of yeast dissolved in water 

Malted Sweet, slightly fermented or sour grain 
noted associated with freshly kilned malt 

Molasses A note associated with molasses, has a 
sharp, slight sulfur and/or caramelized 
character 

0 = Not yeasty 
15 = Very yeasty 
0 = Not malted 
15 = Very malted 

0 = No molasses 
flavour 
15 = Strong 
molasses flavour 

Additional attributes evaluated for crackers 

Branlike A grainy aromatic with a light, dusty 
impression 

0 = Not branlike 
15 = Very branlike 
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Dairy 

Earthy 

Hard 

Crisp 

Coarse 

Aromatics associated with milk, butter, 
cheese, or other cultured dairy products 

Aromatic characteristic of damp soil, wet 
foliage, or slightly undercooked boiled 
potatoes 
Force required to bite through sample using 
front teeth 
The amount and pitch of sound generated 
when bitten using front teeth 
The degree of abrasiveness that can be 
perceived by the tongue and palate 

0 = No dairy 
flavour 
15 = Strong dairy 
flavour 
0 = Not earthy 
15 = Very earthy 

0 = Not hard 
15 = Very hard 

0 = Not crisp 
15 = Very crisp 
0 = Not coarse 
15 = Very coarse 
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Table 4-2: Means and standard deviations (SD) of sensory attributes for bread 
crumb and crust and crackers averaged across fine and coarse particle sizes 

Attri 

Sweet 

Salt 

Sour 

Bitter 

bute 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Astringent 
Means 

Grainlike 

Wheat 

Toast 

Yeast 

Malt 

Molasses 

Branlike 

SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 

Bread crust 

Red 
wheat 

5.7a1'2-3 

2.71 

6.0a 
2.22 

7.1a 
2.23 

8.6a 
2.84 

6.3a 
2.31 

6.2b 
2.48 

6.7a 
2.45 

9.9a 
2.51 

5.6a 
2.42 

5.6a 
2.51 

3.7a 
2.06 

-

White 
wheat 

5.9a 
2.66 

6.2a 
2.35 

7.2a 
2.51 

8.2a 
2.91 

6.4a 
2.2 

6.8a 
2.82 

6.9a 
2.61 

9.7a 
2.58 

5.7a 
2.26 

5.6a 
2.35 

3.6a 
1.95 

-

Bread Crumb 

Red 
wheat 

7.2a3 

2.21 

6.7a 
1.94 

7.4a 
2.12 

5.4b 
2.72 

5.7a 
2.44 

6.3b 
2.18 

7.2a 
2.08 

5.6a 
2.89 

6.3a 
2.13 

5.7a 
2.11 

3.9a 
1.73 

-

White 
wheat 

6.7b 
2.34 

6.7a 
2.07 

7.6a 
2.00 

6.1a 
2.90 

5.8a 
2.42 

7.3a 
2.46 

7.3a 
2.27 

5.8a 
2.93 

6.4a 
2.07 

5.6a 
1.98 

3.8a 
1.72 

-

Cracker 

Red 
wheat 

7.0a4 

1.73 

4.2a 
2.31 

3.1a 
1.98 

3.9a 
2.38 

4.9a 
2.31 

8.1a 
1.95 

8.4a 
1.8 

7.3a 
1.47 

-
-

-
-

-
-

6.7a 

White 
wheat 

6.7a 
1.75 

4.0a 
1.96 

3.2a 
2.38 

4.1a 
2.52 

4.7a 
2.52 

7.9a 
2.06 

8.2a 
2.23 

6.9a 
1.78 

-
-

-
-

-
-

6.3a 
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Dairy 

Earthy 

Hard 

Crisp 

Coarse 

SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

-

-
-

-
-

-
-

-
-

-

-

-

-
-

-
-

-
-

-
-

-

-

-

-
-

-
-

-
-

-
-

-

-

-

-
-

-
-

-
-

-
-

-

-

2.81 

6.1a 
2.11 

5.4b 
2.62 

6.9b 
2.11 

7.8a 
1.71 

6.9a 
3.07 

3.01 

6.2a 
2.21 

6.2a 
3.36 

7.6a 
2.62 

7.7a 
2.3 

6.9a 
3.28 

1. Within a product type (crust, crumb, cracker), means with the same letter within a 
row are not significantly different at p<0.05 

2. Refer to Table 4-1 for scales 
3. n = 102 (13 panellists*4 reps*2 bran particle sizes) 
4. n = 60 (10 panellists*3 reps*2 bran particles sizes) 
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Table 4-3: Means and standard deviations (SD) of sensory attributes for bread crust 
and crumb and cracker averaged across red and white wheat colour 

Attril 
Sweet 

Salt 

Sour 

Bitter 

Astringent 

Grainlike 

Wheat 

Toast 

Yeast 

Malt 

Molasses 

Branlike 

>ute 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Bread crust 

Fine 

6.1a1-2'3 

2.78 

6.1a 
2.32 

7.0a 
2.42 

8.2a 
2.85 

6.4a 
2.43 

5.9a 
2.5 

6.8a 
2.42 

9.7a 
2.61 

5.7a 
2.36 

5.7a 
2.39 

3.7a 
2.01 

-

-

Coarse 

5.5b 
2.56 

6.2a 
2.56 

7.3a 
2.31 

8.6a 
2.9 

6.2a 
2.07 

7.1b 
2.71 

6.7a 
2.64 

9.9a 
2.47 

5.6a 
2.32 

5.6a 
2.46 

3.6a 
2.01 

-

-

Bread crumb 

Fine 

7.3a3 

2.27 

6.7a 
2.06 

7.5a 
2.16 

5.6a 
2.78 

5.6a 
2.49 

6.3b 
2.18 

7.4a 
2.05 

5.7a 
2.85 

6.4a 
2.17 

5.7a 
2.1 

4.0a 
1.64 

-

-

Coarse 

6.6b 
2.25 

6.7a 
1.95 

7.5a 
1.95 

6.0a 
2.87 

5.9a 
2.36 

7.3a 
2.46 

7.0b 
2.28 

5.7a 
2.97 

6.3a 
2.03 

5.6a 
1.99 

3.8a 
1.8 

-

-

Cracker 

Fine 

7.2a4 

1.68 

4.2a 
2.19 

2.8b 
1.83 

3.4b 
2.23 

4.8a 
2.65 

7.2b 
1.35 

7.9b 
1.67 

6.7b 
1.57 

-
-

-

-

-
-

4.8b 
2.36 

Coarse 

6.4b 
1.74 

4.0a 
2.09 

3.5a 
2.44 

4.5a 
2.53 

4.9a 
2.16 

8.9a 
2.19 

8.6a 
2.27 

7.5a 
1.6 

-
-

-

-

-
-

8.2a 
2.34 
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Dairy 

Earthy 

Hard 

Crisp 

Coarse 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

Means 
SD 

7.1a 
2.00 

3.9b 
2.23 

8.3a 
2.44 

8.7a 
2.08 

4.4b 
1.98 

5.3b 
1.92 

7.7a 
2.52 

5.9b 
1.38 

6.8b 
1.41 

9.4a 
1.93 

1. Within a product type (crust, crumb, cracker), means with the same letter within a 
row are not significantly different at p<0.05 

2. Refer to Table 4-1 for scales 
3. n = 102 (13 panellists*4 reps*2 wheat colour) 
4. n = 60 (10 panellists*3 reps*2 wheat colour) 
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Table 4-4: Means and standard deviation (SD) of consumer acceptance data for 
bread and cracker products averaged fine and coarse particle sizes 

Overall' 
Means 

SD 

Appearance' 

Flavour' 

Texture' 

Means 
SD 

Means 
SD 

Means 
SD 

Bread 
Red 

Wheat 

6.3a3'4 

1.57 

6.6a 
1.38 

6.1a 
1.64 

6.4a 
1.52 

Strength of Aftertaste2 

Means 
SD 

2.7a 
1.11 

White 
Wheat 

5.7b 
1.77 

6.3b 
1.5 

5.7b 
1.76 

5.7b 
1.85 

2.8a 
1.17 

Cracker 
Red 

Wheat 

5.9a5 

1.91 

6.2a 
1.79 

6.1a 
1.79 

6.0a 
2.01 

2.6b 
1.08 

White 
Wheat 

5.1b 
2.03 

5.7b 
1.78 

5.2b 
2.09 

5.5b 
1.97 

2.9a 
1.19 

dislike extremely and 9 = like 

= no aftertaste and 5 = strong 

4. 
5. 

Evaluated on a 9-point hedonic scale where 1 = 
extremely 
Evaluated on a 5-point category scale where 1 
aftertaste 
Within a product type (bread, cracker), means with the same letter within a row 
are not significantly different at p<0.05 
n = 146 (73 panellists * 2 bran particle sizes) 
n = 152 (76 panellists * 2 bran particle sizes) 
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Table 4-5: Means and standard deviation (SD) of consumer acceptance data for 
bread and cracker products averaged across red and white wheat colour 

Overall1 

Means 
SD 

Appearance1 

Means 
SD 

Flavour1 

Means 
SD 

Texture1 

Means 
SD 

Bread 

Fine 

6.0a3-4 

1.78 

6.5a 
1.5 

5.9a 
1.81 

6.2a 
1.65 

Strength of Aftertaste2 

Means 
SD 

2.7a 
1.13 

Coarse 

6.0a 
1.61 

6.4a 
1.4 

5.9a 
1.61 

5.9a 
1.81 

2.7a 
1.16 

Cracker 

Fine 

5.6a5 

1.82 

6.0a 
1.66 

5.9a 
1.77 

5.9a 
1.87 

2.6b 
1.22 

Coarse 

5.4a 
2.18 

5.9a 
1.94 

5.3b 
2.17 

5.6a 
2.12 

2.9a 
1.04 

1. Evaluated on a 9-point hedonic scale where 1 = dislike extremely and 9 = like 
extremely 

2. Evaluated on a 5-point category scale where 1 = no aftertaste and 5 = strong 
aftertaste 

3. Within a product type (bread,cracker), means with the same letter within a row 
are not significantly different at p<0.05 

4. n = 146 (73 panellists * 2 wheat colour) 
5. n = 152 (76 panellists * 2 wheat colour) 
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Table 4-6: Mean cluster demographics for overall consumer acceptance 

Bread 
Cluster 1 

Number of panellists 

Gender 

Age 

Percentage of 
panellists 

Male 
Female 

18-25 
26-35 
36-45 

46+ 

24 

33% 

29% 
71% 

64% 
14% 
14% 
9% 

Cluster 2 
21 

29% 

38% 
62% 

61% 
31% 
3% 
6% 

Cluster 3 
28 

38% 

46% 
54% 

44% 
44% 
0% 
11% 

Cracker 
Cluster 1 

Number of panellists 
Percentage of total 

panellists 
Gender 

Age 

Male 
Female 

18-25 

26-35 
36-45 

46+ 

22 

29% 

36% 
64% 

71% 
21% 
4% 
4% 

Cluster 2 
36 

47% 

31% 
69% 

71% 
19% 
0% 
10% 

Cluster 3 
18 

24% 

67% 
33% 

64% 
25% 
7% 
4% 
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Figure 4-1: Bread crust (A) and crumb (B) significant differences and 95% 

confidence intervals from control in as determined by Dunnett's test (p<0.05) 
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Figure 4-2: Significant differences and 95% confidence intervals from control in low 

moisture products as determined by Dunnett's test (p<0.05) 
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CHAPTER 5-INFLUENCE OF PHENOLIC ACID CONTENT OF BREAD AND 
CRACKER PRODUCTS MADE FROM RED OR WHITE WHEAT ON SENSORY 

PERCEPTION 

Abstract 

Despite the health benefits of wholegrains, consumer acceptance of wholegrains 

remains an issue due to the presence of characteristic flavours that some consumers 

consider to be unacceptable. It is hypothesized that phenolics acids, naturally occurring 

secondary metabolites of plants, could be contributing to the perceived unacceptable 

flavours described in wholegrain products. The purpose of this study was to examine the 

relationship between phenolic acids quantified by HPLC, total phenolic content (TPC) 

and the sensory properties of wholegrain products using partial least squares (PLS) 

mapping. Red and white wheat were investigated as well as intermediate (bread) and low 

(cracker) moisture products made from the wheats. Red and white wheat demonstrated 

different phenolic acid profiles despite having similar TPC. Free and bound phenolic 

acids were correlated with the sensory properties within the bread crumb. However, 

bound phenolic acids were more strongly correlated with the sensory properties than the 

free phenolic acids within the cracker. Free and bound phenolic acids and TPC were 

linked with the sensory attributes of wholegrain products. 
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Introduction 

There has been increasing interest in wholegrains due to numerous health benefits 

that have been linked with wholegrain consumption (Health Canada, 2007b; Jones, 

2006). One of the major classes of phytochemicals found within wheat are phenolic 

acids. Phenolic acids are naturally occurring secondary plant metabolites which are 

required for normal plant functioning. As antioxidants, phenolic acids scavenge free 

radicals and inhibit lipid oxidation thus possibly contributing to the observed positive 

health benefits (Shahidi & Wanasundra, 1992). While there are a number of phenolic 

acids present within wheat, ferulic acid appears to be predominant and a major 

contributor of antioxidant activity that is contributing to the health benefits of 

wholegrains (Adorn & Liu, 2002; Anson et al., 2008; Kim et al., 2006; Mpofu et al., 

2006; Zhou et al., 2004). 

Within wheat, the majority of phenolic acids are located in the bran portion of the 

kernel (Abdel-Aal et al., 2001; Adorn et al., 2005; Rybka et al., 1993) and thus have also 

been investigated as a contributing factor to seed coat colour. Results regarding this issue, 

however, are contradictory. While some researchers have observed that red bran contains 

higher levels of phenolic acids than white bran (Kim et al., 2006), others have found no 

correlations between seed coat colour and total phenolic content (TPC) (Beta et al., 

2004). Additionally, published values for the phenolic acid profiles of red and white 

wheat bran differ. Kequan et al (2005) reported that red wheat bran contained greater 

concentrations of ferulic and syringic acids when compared to white wheat bran (Kequan, 

Parry & Yu, 2005). However, Liu et al (2010) reported that red wheat contained a higher 

concentration of sinapinic but lower concentrations of ferulic acid (Liu et al., 2010). 
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Phenolic acids are controlled by genetics, environmental factors and stressors (Bravo, 

1998; Mpofu et al., 2006). These factors, particularly genetics, could be responsible for 

the varying phenolic acid profiles which are observed between red and white wheat. 

Regardless of the phenolic acid content present in the wheat, it is reported that 

phenolic compounds elicit unacceptable flavours within plant foods and their products 

(Drewnowski & Gomez-Carneros, 2000). Wholegrain products have been described as 

having more intense flavours than their refined counterparts. For instance, within rye 

based products it has been reported that greater flavour intensity is perceived in products 

made from the bran in comparison to those made from the endosperm. The greater 

intensity was associated with the increased concentration of phenolic acids within the 

bran portion of the grain (Heinio et al., 2008; Heinio et al., 2003). Furthermore, a 

number of specific sensory properties have been associated with phenolics within grain 

products and include bitter (Busch et al., 2006; Heinio et al., 2008; Huang & Zayas, 

1991; Kobue-Lekalake et al., 2007; Molteberg et al., 1996; Robichaud & Noble, 1990), 

astringent (Huang & Zayas, 1991; Kobue-Lekalake et al., 2007; Robichaud & Noble, 

1990), sour (Huang & Zayas, 1991), cereal flavour and germ-like flavour (Heinio et al., 

2008). The association between phenolic acids and sensory properties of many grain 

based products have been studied, including corn (Huang & Zayas, 1991), rye (Heinio et 

al., 2008), oats (Molteberg et al., 1996) and sorghum (Kobue-Lekalake et al., 2007). 

There is, however, limited evidence regarding the association between phenolic acids and 

sensory properties within wheat based products. Within wheat based products, it appears 

that sensory properties differ based on the variety of the wheat used. It has been reported 
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that products produced from white wheat are perceived as less bitter than red wheat 

(Matus-Caidiz et al., 2008; Smith Edge et al., 2005). 

The objective of this paper was to quantify specific phenolic acids commonly 

present within wholegrain wheat and products and to establish a relationship (if any) 

between the phenolic acid content and the descriptive profile of two different types of 

products; intermediate moisture (bread) products and low moisture (cracker) products. 

The effect of milling on phenolic acid content and sensory properties was also 

investigated by evaluating bread and cracker products made from red or white wheats 

milled to two different particle sizes. 

Materials and Methods 

Materials 

Commercial hard and soft wheat flours were provided by Kraft Mississauga Mill 

(Mississauga, ON). Four 100% wholegrain flours (red fine bran, red coarse bran, white 

fine bran and white coarse bran) were utilized and refined flour was included as a control. 

The majority (84%) of the fine wholegrain flour passed through a 149 |im sieve. The 

coarse flour had a particle size distribution with less than 20% passing through the 149 

\im sieve and less than 5% passing through 840 \im sieve. The remaining coarse flour had 

a fairly even distribution from the remaining five sieves ranging from 162-710 urn. The 

moisture contents of the flours ranged between 10.6% to 13.0% for the hard flours and 

10.3 % to 12.1% for the soft flours. The protein content (N x 5.7) of the refined flours 

were 11.9% and 6.5% for hard and soft flours, respectively. The four wholegrain flours 
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ranged between 11.8% to 12.4% for the hard flours and 8.2% to 9.7% for the soft wheat 

flours. 

Bread preparation 

Bread (intermediate moisture product) was prepared from hard flours using the 

standard AACC method 10-10.03 (American Association of Cereal Chemists, 1999). 

Optimal water absorption was determined by recording the amount of water required to 

reach the 500 BU consistency line on a C.W. Brabender Farinograph®-E (South 

Hackensack, NJ). The average moisture of the crumb was 42% (+/-1.44) while the 

average moisture of the crust was 25% (+/-0.95). 

Cracker preparation 

Chemically leavened crackers (low moisture product) were produced at Reading 

Bakery Systems (Reading, PA) with the soft flours provided by Kraft Mississauga Mill 

(Mississauga, ON). The crackers contained flour (100% flour basis; fb), 7% fb 

shortening, 4% fb sugar, 0.06% fb monocalcium phosphate, 0.06% fb sodium 

bicarbonate, 0.8% fb salt and 40 - 44% fb water, depending upon the flour type. The 

dough was sheeted to 0.2 cm thick and was baked using a 2-zone PRISM oven and dryer 

(Reading Bakery Systems, Reading, PA). Once at room temperature the products were 

sealed into metallic bags. Final product moistures were approximately 3% (+/- 0.43). 

Phenolic content 

The bread crumbs were separated from the bread crusts and were analyzed 

independently. Prior to analysis, the samples were freeze dried (Virtis Unitop 600 SL, 

Gardiner, NY). 
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Total Phenolic Content 

Total phenolic content (TPC) was determined based on a modified Folin-

Ciocalteu method (Beta et al., 2004). Briefly, 0.25 mL of the free or bound extracts (as 

described below) was combined with 0.25 mL of freshly diluted (1:1) Folin-Ciocalteu 

reagent. The mixture was allowed to sit for 5 minutes before 0.5 mL sodium carbonate 

and 4 mL of water was added. Samples were vortexed and placed in darkness for 30 

minutes. Samples were centrifuged (Thermo Scientific Sorvall RTI, Waltham, MA) 

before readings were taken at 725 nm using a Varian Inc. Cary 1 Bio UV Visible 

spectrophotometer (Palo Alto, CA). Means and standard deviation of duplicates are 

reported as ferulic acid equivalents (Table A-2) on a flour dry weight basis. 

HPLC 

High performance liquid chromatography (HPLC) was utilized to quantify 

specific phenolic acids. Free and insoluble bound phenolic acids were extracted as 

described by Gamel and Abdel-Aal (2011) (Gamel & Abdel-Aal, 2011). Briefly 0.3 g 

flour and 0.5 g baked products were extracted using 5 mL 80:20 MeOH: H2O. Samples 

were shaken at 350 rpm for 30 minutes using a shaker (New Brunswick Scientific G24 

Environmental incubator shaker, Edison, NJ). The samples were centrifuged (Thermo 

Scientific, Sorvall RTI, Waltham, MA) at 10,000 rpm (-15,000 g) for 10 minutes and the 

supernatant was decanted. This was repeated a second time and the supematants were 

combined. A portion of the combined supematants were evaporated under nitrogen and 

reconstituted to 1 mL with deionized water to constitute the free phenolic acids. The 

remaining residue was washed with 10 mL of hexane before 5 mL of 2M NaOH was 
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added. The samples were flushed with nitrogen before being shaken for 1 hour at 350 

rpm (New Brunswick Scientific G24 Environmental incubator shaker, Edison, NJ). 

Samples were left for approximately 20 hours in darkness before being acidified to a pH 

of 2 using HCl (2M). The phenolic acids were extracted three times using 1:1 ethyl ether 

and ethyl acetate. The organic layers were separated each time and pooled. The organic 

solvents were evaporated to dryness under nitrogen and reconstituted to 2 mL using 

deionized water to comprise the bound fraction of the phenolic acids. 

An Agilent Series 1100 HPLC equipped with a diode array detector (DAD) and a 

Supelcosil LC-18 column (Sigma-Aldrich, Oakville, ON) was utilized for the separation 

and quantification of the phenolic acids. Detection was performed at five wavelengths in 

which the phenolic acid was quantified at is maximum absorption wavelength. A gradient 

elution using 6% formic acid and 6% formic acid in acetonitrile was used at a flow rate of 

1 mL/min. Standards (Table A-2) procured from Sigma-Aldrich (Oakville, ON) were run 

during each run to verify retention times and the UV/Vis spectra. 

Sensory analysis 

Participants for the descriptive and consumer acceptance panels were recruited 

from Guelph, Ontario and the surrounding communities. Ethics approval was obtained 

from the University of Guelph Research Ethics Board (REB#09MY20 and 09JA028). 

Please refer to Appendices B and E for examples of the consent forms. Responses were 

collected using computerized data collection software Compusense Five © 2008 

(Compusense, Guelph, ON). Independent panels were conducted for the bread and 

crackers. 
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Descriptive analysis was performed on the crumb and crust of the bread and cracker 

by a trained panel. Panelists were selected based on their taste acuity, availability and 

interest in the project. 13 panelists participated on the bread panel and were trained for 20 

sessions. For the cracker panel, there were 10 participants who were trained for 13 

sessions. A shorter time frame was needed for the cracker training, as many of the 

panelists had developed expertise in the process of sensory testing. During training, 

panelists generated the attributes that were to be evaluated (Table 5-1). Additional 

training involved familiarization with the attributes as well as practicing with the scales. 

Between tasting tests, a slice of Gala apple and a glass of water was provided to 

cleanse the palate. Samples were designated random three digit codes and presented in a 

randomized order with a 3 min break between each sample. As there were visible 

differences between the products all testing was conducted under red light. Samples were 

evaluated on a 15 cm line scale with anchors as described in Table 5-1 for the bread and 

crackers (Appendix C) 

Bread 

Crumb and crust of bread samples were evaluated separately. The product was 

sliced into 2.3 cm widths using a Waring Pro FS150 food slicer (Torrington, CT). The 

crumb was sliced into 2.3 cm x 2.3 cm x 1.3 cm pieces while the crust was sliced into 

1.3 cm x 2.3 cm x 0.5 cm pieces. Products were tested 24 h after baking. On each day of 

testing, three samples of the crumb and crust were placed in separate sealed plastic bag 

for not more than one hour prior to testing. A total of four repetitions of testing were 

completed. 
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Cracker 

Two portions of each sample 4.6 cm x 4.6 cm x 0.3 cm were provided in sealed 

plastic bags during the testing period. The products were places in the plastic bags for not 

more than one hour prior to testing. All five samples were evaluated in one session and a 

total of three repetitions of testing were completed. 

Statistical analysis 

Statistical analysis of the collected sensory data was conducted using SAS version 

9.2 (SAS Institute Inc., Cary, NC). Bread and cracker data were analyzed independently. 

Phenolic acid and total phenolic acid content of all wholegrain samples were analyzed 

using ANOVA with interactions (colour, particle size, colour*particle size) with specific 

differences among means determined using Tukey's honestly significant difference 

(HSD) (p<0.05). Means and standard deviations are presented. 

Partial Least Squares (PLS) mapping was conducted to relate the phenolic acid 

profiles to the descriptive sensory data. Statistical analysis was completed using 

XLSTAT 2010 (New York, NY). 

Results and Discussion 

Total phenolic content (TPC) 

Free TPC was not significantly different between the red and white wheat for either 

the hard or the soft flours (Table 5-2). Bound TPC was also not significantly different 

between the hard red and white wheat flours (Table 5-3). However, a significant 

difference in bound TPC was observed between the two soft wheat flours. The soft red 
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wheat flour contained 1489.3 ug ferulic acid equivalents (FAE)/g of dry flour compared 

to 1349.8|ag FAE/g dry flour within the soft white wheat flour. 

The current research demonstrates no significant differences between the red and 

white wheat flour in free and bound TPC for hard flour and free TPC for the soft flour. 

However, a significant difference between red and white wheat was observed for bound 

TPC within the soft flour. Contradictory reports regarding wheat colour and total TPC 

exist in the literature (Beta et al., 2004; Kequan, Parry & Yu, 2005; Kim et al., 2006). 

Some have reported that total TPC is correlated with wheat colour, where red wheat 

contains greater concentrations of total TPC (Kim et al., 2006), while others have found 

no correlation between wheat colour and total TPC (Beta et al., 2004). 

Free phenolic acids 

When specific phenolic acids were identified using HPLC, the hard white wheat 

flour contained higher concentrations of free vanillic, syringic, and/»-coumaric acids 

when compared to the hard red wheat flour (Table 5-2). Similarly, soft white wheat flour 

also contained higher concentrations of vanillic, syringic and/>-coumaric acid. 

Additionally, the concentration of ferulic acid in the soft white wheat flour was higher 

than in the soft red wheat flour. 

With few exceptions, the bread (crumb and crust) and crackers contained higher 

levels of free phenolic acids in comparison to the original flour. Others have also 

observed an increase in free phenolic acid content with baking and it is thought that 

thermal processing releases some of the bound phenolic acids, resulting in an increase 
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concentration in baked products. Ferulic acid content specifically has been found to 

increase in baked pizza crust when compared with the original flour (Moore et al., 2009). 

Those phenolic acids that did not increase (p-coumaric and caffeic acid within the bread 

crumb and syringic andp-coumaric acid in the cracker) remained relatively constant or 

decreased when comparing the baked product to the flour (Table 5-2). Within the bread 

crust, a number of phenolic acids were not detectable. This may be due to interactions 

with Maillard reaction adducts, or thermal degradation. Phenolic acids have demonstrated 

to react, via redox reactions, with intermediates of the Maillard reaction forming phenolic 

acid-Maillard adducts (Jiang & Peterson, 2010). As the bread crust has more favorable 

conditions for the Maillard reaction to occur than in crackers, including moisture, pH and 

processing conditions (Capuano, Ferrigno, Acampa, Ait-Ameur & Fogliano, 2008) the 

reaction of phenolic acids with Maillard intermediates may be a plausible reason as to 

why phenolic acids were not detected within the bread crusts, but detectable within 

crackers. 

Bound phenolic acids 

Previous studies have reported that ferulic acid is the main phenolic acid in wheat 

(Hatcher & Kruger, 1997). Within the current study, ferulic acid was the major (free and 

bound) phenolic acid found within both the hard and soft wheat varieties. 

Within the bound fraction of phenolic acids, the hard white wheat flour contained 

higher concentrations of p-hydroxybenzoic, and/>-coumaric acid whereas the hard red 

wheat flour had a higher sinapinic acid content (Table 5-3). The soft red wheat flour 
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contained higher concentrations of bound syringic acid than the soft white wheat flour 

(Table 5-3). 

For the bound phenolics, quantities of phenolic acids remained fairly constant for 

the majority of phenolic acids when the baked products were compared to the flour 

(Table 5-3). Caffeic acid generally increased in the breads and crackers compared to the 

flours. Vanillic acid slightly decreased within the bread compared to the flour, but 

remained constant within the crackers. 

It is known that red and white wheat differ in their phenolic acid profiles, however 

results are contradictory (Kequan, Parry & Yu, 2005; Liu et al., 2010). The phenolic acid 

content and profile of wheats are dictated by a number of factors, including genetics, 

environment and stressors, (Bravo, 1998; Mpofu et al., 2006); and that it is not 

unexpected that differences would appear between colour, as well as between hard and 

soft flour types. Furthermore, as commercial flours were utilized for this study, a 

diversity of wheat varieties could be included within the flours contributing to the 

varying phenolic acids profiles. 

When the phenolic acids were averaged across colour, the differences between the 

fine and coarse flours were not significantly different. 

Relationship between phenolic acids and sensory data 

In order to determine the relationship between phenolic acid concentration and 

sensory data, PLS regression was conducted for each baked product. Phenolic acid 

concentrations of the flours and the baked products were regressed with the sensory 

characteristics of the products. Table 5-4 represents the Q and the R Y cumulative (cum) 
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values for the regressions that were conducted. Q cum is a representation of the overall 

general goodness of the fit of the model, where as the R2Ycum represents the correlations 

between the independent variables and the components of the PLS regression (Tenenhaus 

et al., 2005). Depending upon the product type (crumb, crust, and cracker) different 

correlations were observed. Within the crumb, the most significant correlation was 

observed when the free and bound phenolic acids were regressed together for both the 

flour and crumb phenolic acids. The crust had low Q cum values when regressed with 

both the flour and crust phenolic acids. This indicates that the PLS model is not a good fit 

for this data and that the model has low (if any) predictive power (Appendix H). For the 

cracker, the bound phenolic acids in both the flour and baked product produced the best 

model fit. It has been reported that phenolic acid can interact with Maillard reaction 

adducts, resulting in altered flavour and aromatic properties (Jiang & Peterson, 2010). 

Maillard reaction is limited within the crumb, possibly explaining why the free phenolic 

acids are correlated with the sensory properties in the crumb but not within the cracker or 

bread crust. 

Different PLS maps were produced depending if the flour or product phenolic acids 

were utilized for the PLS map. When the flour phenolic acids were used within the PLS 

map, for both the bread crumb and cracker, the majority of the phenolic acids fell into a 

similar space as the attributes that were more associated with the wholegrain products 

(Figure 5-1 and 5-2). Specifically within the bread crumb, bound ferulic acid and bound 

vanillic acid were linked with wheaty and molasses notes while free TPC was associated 

with grainlike, bitter and astringent notes (Figure 5-1). 
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Within the cracker, bound syringic and caffeic acids were related to wheaty and 

grainlike attributes (Figure 5-2). This data suggests that the concentration of phenolic 

acids within the raw flour can be related to sensory properties of baked products. 

However, the flour regression maps are specific to the processing conditions and product 

type. 

When the product phenolic acids were regressed with sensory characteristics of the 

products, the phenolic acids were linked to the attributes which were more associated 

with the wholegrain products (Figure 5-3 and 5-4). The refined product characteristics 

(sweet and dairy) had no link to the phenolic acids studied. Bound TPC was linked with 

bitterness, grainlike, sour and wheaty characteristics within the crumb (Figure 5-3). Free 

TPC was associated with a toasted note, but along with free sinapinic acid also fell into a 

similar space on the PLS map as astringent, wheaty, grainlike and bitter notes. Free 

caffeic and vanillic acid were associated with malty and molasses notes present within 

the crumb. It is noted that although the free and bound phenolic acids have the best model 

fit, that the free phenolic acids are more associated with the wholegrain sensory 

characteristics. 

For the cracker PLS map, bound TPC was associated with branlike, grainlike and 

sour attributes (Figure 5-4). Astringency was linked with bound/>-hydroxybenzoic, 

vanillic, syringic and ferulic acids. Bound syringic acid was also associated with toasted 

and wheaty attributes. No bound phenolic acids were closely associated with bitterness in 

the cracker. Although ferulic acid is the main phenolic acid present in the wheats, it 
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appears that other phenolic acids and TPC are also contributing to the flavour perception 

of wholegrain products. 

In previous studies of free phenolic acids, high correlations were noted between the 

free phenolic acids and germ-like flavour and cereal flavour within raw rye grain (Heinio 

et al., 2008). Free ferulic and sinapinic acids were correlated to the bran portion of the 

kernel and the germ-like flavour whereas syringic acid was closely associated with 

bitterness (Heinio et al., 2008). Heinio et al. (2008) proposed that free phenolic acids are 

the most flavour active due to their small size which allows them to interact with taste 

receptors (Heinio et al., 2008). Although previous reports have suggested that free 

phenolic acids are flavour active, the current study suggests that the bound fraction of 

phenolic acids may also be contributing to taste and flavour properties of wholegrain 

products. It is hypothesized that during mastication, the bound phenolic acids are freed by 

salivary enzymes and can then interact with taste receptors and other compounds within 

the mouth. Future work should investigate changes to free and bound phenolic acids 

during mastication. 

Within the current study, TPC was linked with the wholegrain sensory properties in 

both the bread crumb and cracker (Figure 5-3 and 5-4). As TPC is nonspecific to phenolic 

acids, it suggests that there are other phenolic compounds that may be contributing to the 

sensory properties of wholegrain products. A recent study reported that bran flavour, 

dusty flavour, bitter taste and prickly sensation were correlated with fermentation, 

Maillard and lipid oxidation reactions in whole wheat bread (Jensen, Oestdal, Skibsted, 

Larsen & Thybo, 2011). The end products of these processes may be contributing to the 
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TPC. This may be a plausible explanation as to why TPC was correlated with wholegrain 

sensory properties in the current study. Future research should attempt to identify other 

groups of phenolic compounds which may be contributing to the sensory properties of 

wholegrain products. 

Conclusion 

Red and white wheat contained varying phenolic acid profiles, while TPC was 

similar. Varying processing conditions and form of phenolic acids were observed to alter 

the correlations between the phenolic acid profiles and the sensory properties. As 

phenolic acids can interfere with the Maillard reaction, correlating the end products of the 

Maillard reaction to the sensory properties may provide greater insight as to why 

wholegrain products are perceived as having unacceptable flavours. Future research 

should focus on the contribution and mechanism of bound phenolic acids to sensory 

perception. Furthermore, research should also focus on identifying other phenolic 

compounds present within wheat and wholegrain products which may be contributing to 

their sensory properties. 
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Table 5-1: Sensory attributes definitions and rating scale utilized in descriptive 
analysis 

Sensory 
Attribute Definition Rating Scale 

Attributes evaluated for bread and crackers 

Sweet The taste sensation perceived on the tongue 
as stimulated by sucrose and other sugars 

Salt The taste sensation perceived on the tongue 
as stimulated by sodium salts, such as 
chloride and in part other salts 

Sour The taste sensation perceived on the tongue 
as stimulated by acids such as citric acid 

Bitter Basic bitter taste associated with caffeine 
and other bitter compounds; bitterness 
lingers long like an aftertaste 

Astringent A sensation that lingers and coats, dries 
and numbs the mouth, palate and tongue 

Grainlike A general term used to describe the dusty 
or musty aromatics associated with grains 
such as corn, wheat and oat 

Wheat A light, baked wheat flour note 

Toast The flavour associated with baked flour 

0 = Not sweet 
15 = Very sweet 
0 = Not salty 
15 = Very salty 

0 = Not sour 
15 = Very sour 

0 = Not bitter 
15 = Very bitter 

0 = Not astringent 
15 = Very astringent 

0 = Not grainlike 
15 = Very grainlike 

0 = Not wheaty 
15 = Very wheaty 
0 = Not toasted 
15 = Very toasted 

Additional attributes evaluated for breads 

Yeast The smell of yeast dissolved in water 

Malted Sweet, slightly fermented or sour grain 
noted associated with freshly kilned malt 

Molasses A note associated with molasses, has a 
sharp, slight sulfur and/or caramelized 
character 

0 = Not yeasty 
15 = Very yeasty 
0 = Not malted 
15 = Very malted 

0 = No molasses 
flavour 
15 = Strong 
molasses flavour 

Additional attributes evaluated for crackers 

Branlike A grainy aromatic with a light, dusty 
impression 

0 = Not branlike 
15 = Very branlike 
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Dairy 

Earthy 

Hard 

Crisp 

Coarse 

Aromatics associated with milk, butter, 
cheese, or other cultured dairy products 

Aromatic characteristic of damp soil, wet 
foliage, or slightly undercooked boiled 
potatoes 
Force required to bite through sample using 
front teeth 
The amount and pitch of sound generated 
when bitten using front teeth 
The degree of abrasiveness that can be 
perceived by the tongue and palate 

0 = No dairy 
flavour 
15 = Strong dairy 
flavour 
0 = Not earthy 
15 = Very earthy 

0 = Not hard 
15 = Very hard 

0 = Not crisp 
15 = Very crisp 
0 = Not coarse 
15 = Very coarse 
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Table 5-2: Free phenolic acids for hard and soft flours and the respective baked products averaged across particle size 

Bread 
Hard Flour 
Red White 

Crumb 
Red White 

Crust 
Red White 

Cracker 
Soft Flour 

Red White 
Product 

Red White 
Total phenolic content i 

TPC 
Means 524.8a1'2 529.5a 701.2a 656.5b 

ug FAE/g flour basis) 

1525.6a 1247.1b 484.4a 482.5a 403.6b 458.9a 
Hydroxybenzoic acids (ug/g flour basis) 

/j-hydroxybenzoic acid 
Means 0.3a 0.4a 

Vanillic 
Means 1.1b 1.4a 

Syringic 
Means 0.3b 0.5a 

0.9b 1.5a 

3.9a 4.1a 

1.0b 1.6a 

nd nd 

5.0a 4.7a 

nd nd 

nd nd 

1.4b 2.7a 

0.6b 2.2a 

1.0a 1.1a 

2.3a 3.1a 

0.8a 1.0a 

Caffeic 
Means 

/j-Coumaric 
Means 

Ferulic 
Means 

Sinapinic 
Means 

0.2a 

0.2b 

4.3a 

nd 

Hydroxycinnamic acids (u.g/g 

0.3a 

0.5a 

4.8a 

nd 

0.6a 0.6a 

0.7a 0.2b 

23.4b 42.2a 

1.2a 1.5a 

nd 

nd 

21.1b 

1.0a 

flour basis 

nd 

nd 

29.6a 

1.9a 

nd 

0.4b 

7.7b 

nd 

nd 

0.7a 

9.1a 

nd 

0.4a 

1.0b 

20.1a 

nd 

0.3b 

1.2a 

16.0b 

nd 
1. Within a product type (flour, crumb, crust, etc.), means with the same letter in a row are not significantly different at p>0.05 
2. n = 4 (2 particle size * 2 reps) 
FAE = Ferulic acid equivalents, nd = Not detectable 
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Table 5-3: Bound phenolic acids for hard and soft flours and the respective baked products averaged across particle size 

Bread 
Hard Flour 

Red White 
Crumb 

Red White 
Crust 

Red White 

Cracker 
Soft Flour 

Red White 
Product 

Red White 
Total phenolic content (u.g FAE/g flour basis) 

TPC 
Means 1218.5a1'2 1370.0a 1048.7b 1393.2a 1160.3b 1442.4a 1489.3a 1349.8b 1283.2b 1403.5a 

/7-hydroxybenzoic acid 
Means 1.7b 

Vanillic 
Means 4.5a 

Syringic 
Means 2.4a 

Hydroxybenzoic acids 

2.1a 

4.7a 

2.4a 

1.2b 

2.4b 

1.9b 

2.2a 

3.6a 

2.7a 

(ug/g flour 

2.0b 

2.8b 

2.5a 

basis) 

2.8a 

3.8a 

2.6a 

1.9a 

3.9a 

2.6a 

1.6a 

3.7a 

2.1b 

2.3a 

4.6a 

3.2a 

1.8b 

3.5b 

2.5b 

Hydroxycinnaminc acids (ug/g flour basis) 
Caffeic 

Means 
/j-Coumaric 

Means 

1.3a 

9.4b 

0.8a 

11.8a 
Ferulic 

Sinapinic 
Means 582.7a 560.5a 

Means 4.2a 2.7b 

2.2a 3.0a 

4.5b 14.0a 

308.0b 635.7a 

3.9b 7.4a 

8.0a 4.2b 

9.3b 15.8a 

544.2b 667.3a 

10.8a 12.9a 

0.8a 0.7a 

7.8a 9.0a 

426.4a 411.0a 

0.9a 0.7a 

3.5a 1.6b 

17.8a 9.4b 

716.6a 429.1b 

3.5a 5.4a 
1. Within a product type (flour, crumb, crust, etc.), means with the same letter in a row are not significantly different at p>0.05 
2. n = 4 (2 particle sizes * 2 reps) 
FAE = Ferulic acid equivalents 
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Table 5-4: Q2 cumulative and R2Y cumulative values for PLS mapping of phenolic 
acids in flour and baked products with product sensory data 

Flour phenolic acids 

Free 
Bread crumb 

Q2cum 0.483 
R2Ycum 0.804 

Bread crust 
Q2cum 0.245 

R2Ycum 0.759 
Cracker 

Q2cum 0.183 

R2Ycum 0.581 

Bound 

0.171 
0.848 

0.130 
0.761 

0.561 

0.887 

Free and 
Bound 

0.545 
0.841 

0.174 
0.764 

0.512 

0.816 

Baked product phenolic 
acids 

Free 

0.369 
0.81 

-0.17 
0.661 

0.231 

0.412 

Bound 

0.369 
0.772 

0.136 
0.651 

0.463 

0.765 

Free and 
Bound 

0.401 
0.767 

-0.029 
0.677 

0.344 

0.860 
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Figure 5-1: PLS map of bread crumb sensory attributes with free and bound flour 
phenolic acids 

pHBA = j9-hydrozybenzoic acid, VA = Vanillic acid, Syr = Syringic acid, CA = Caffeic 
acid, pCou = j>-coumaric acid, FA = Ferulic acid, Sin = Sinapinic acid, F = Free, B = 
Bound 
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Figure 5-2: PLS map of cracker sensory attributes with bound flour phenolic acids 

pHBA = jp-hydrozybenzoic acid, VA = Vanillic acid, Syr = Syringic acid, CA = Caffeic 
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Figure 5-3: PLS map of bread crumb sensory attributes with free and bound crumb 
phenolic acids 

pHBA =p-hydrozybenzoic acid, VA = Vanillic acid, Syr = Syringic acid, CA = Caffeic 
acid, pCou =/?-coumaric acid, FA = Ferulic acid, Sin = Sinapinic acid, F = Free, B = 
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CHAPTER 6-CONCLUSIONS 

Awareness of wholegrains has been increasing due to positive health implications 

which have been associated with increased consumption of wholegrains and wholegrain 

products (Health Canada, 2007a; Health Canada, 2007b). Wholegrains contain a variety 

of nutrients and phytochemicals which are beneficial to health (Bravo, 1998; Jones, 2006; 

Slavin et al., 1999). Specifically, phenolic acids, a class of phytochemicals essential for 

plant functioning and growth have been shown to demonstrate antioxidant properties 

which may be contributing to health benefits (Bravo, 1998). 

Phenolic acids are concentrated within the bran layer of the wheat kernel (Adorn et 

al., 2005; Beta et al., 2004; Kim et al., 2006). Historically, wheats were milled to remove 

the outer bran layer (Dewettinck et al., 2008). With the addition of the bran portion and 

therefore phenolic acids in wholegrains products, it is suspected that the phenolic acids 

may be contributing to sensory attributes perceived in wholegrain products. Furthermore 

it has been reported that total phenolic content (TPC) is higher within red wheat, when 

compared to white wheat (Kequan, Parry & Yu, 2005; Kim et al., 2006). It has also been 

reported the white wheat imparts a milder and less bitter taste than red wheat (Smith 

Edge et al., 2005). 

This research set out to investigate differences in phenolic acid content and 

sensory properties of red and white bran, as well as baked products made from 

commercial red and white wholegrain wheat flour of two particle sizes. The relationship 

between phenolic acids and the sensory properties was also investigated. 

107 



The first experiment was conducted to determine if bitterness and astringency 

(commonly reported sensory attributes of phenolic acids) were present within raw bran or 

a result of a chemical reaction. To do this, bran was boiled in water and the supernatant 

was tested for sensory properties and phenolic acid content. 

Following this, intermediate moisture (bread) and low moisture (cracker) products 

were developed to investigate the relation between the sensory properties of the phenolic 

acids in two moisture systems. Additionally, two particle sizes of flour were investigated 

as it has been reported that phenolic content changes with different particle sizes. 

Bran infusions: phenolic content and sensory properties 

Red and white bran displayed varying phenolic acid profiles but overall had a 

similar level of TPC. Red and white wheat bran were boiled for four different time 

intervals in attempts to understand phenolic acid release from the bran and its effect on 

sensory perception. It was observed that although the quantities of phenolic acids 

increased as boiling time increased, there were no significant differences in the perceived 

bitterness and astringency of the bran infusions. Similar results were also noted for each 

of the three particle sizes used during the experiment. It is hypothesized that perhaps the 

differences in phenolic acids, and TPC were not large enough to be perceived based on 

boiling time and particle size. Overall the infusions did not contribute a great deal to 

bitterness and astringency perception implying that a chemical reaction during the baking 

process may be contributing to these sensory characteristics. Additional research is 

underway to confirm this hypothesis. 
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Sensory properties of low and intermediate products 

Bread and crackers were prepared from four different types of wholegrain wheat 

flours varying in wheat colour and particle size as follows red fine bran, red coarse bran, 

white fine bran and white coarse bran. These products were compared to refined flour 

used as a control. Hard and soft flours were used to manufacture the bread and crackers, 

respectively. The bread crumb and crust products were evaluated separately. Descriptive 

panels as well as consumer panels were utilized to evaluate the products. 

Regardless of colour and particle size, wholegrain products exhibited more 

intense flavours when compared to the refined flour products for both the bread and 

crackers as described by the descriptive panel. 

Effect of bran colour 

Few differences between the sensory properties of products made with red and 

white wheat were observed. The bread crumb made with white wheat was perceived as 

sweeter and less bitter than the crumb of the product made with red wheat. Within the 

crackers, texturally, the white wheat product was perceived as being harder than the red 

wheat cracker. No significant differences in flavours and tastes were observed between 

the crackers made from red and white wheat except the earthy note where a significant 

colour*particle size interaction was observed. The results suggest that wheat colour has 

little influence on the sensory properties of wholegrain products. 

Effect of particle size 

When the effect of particle size was examined, few sensory differences were 

observed between the bread made from the fine particle size flour and the coarse particle 
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size flour. However, a greater number of differences were noted in sensory properties of 

the crackers made with flour with a fine particle size in comparison to that made from 

flour with a coarse particle size. Eleven of the fourteen sensory attributes evaluated were 

significantly different between the fine and coarse particle sizes. These results suggest 

that moisture, protein, food matrix structure and/or processing conditions may play a role 

in the sensory properties of wholegrain products. 

Consumer acceptance 

Effect of bran colour 

Despite few differences between the sensory properties of red and white wheat 

products as described by the descriptive panel, significant differences were observed in 

consumer liking of the products. Bread and crackers prepared from red wheat were liked 

significantly more than the white wheat products. However, a number of colour*size 

interactions were observed indicating that together, the colour of the bran and the particle 

size of the wholegrains influence consumer acceptance for some attributes. 

The descriptive panel data were correlated with the consumer acceptance data 

using partial least squares (PLS) mapping. Consumers were clustered into three clusters 

based on their overall liking for the products. The first cluster preferred attributes that 

were associated with the wholegrain products. The second cluster preferred the products 

prepared from the refined flour. The third cluster preferred texture attributes within the 

crackers, and sweet, yeasty notes in the bread crumb and crust. 
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Phenolic acids in wheat and baked products 

Free and bound phenolic acids within the flours as well as the baked products were 

quantified. For both the hard and soft wheats, the phenolic acid profile varied between 

the red and white wheat. However, TPC was similar. When phenolic acid content of the 

flour was compared to the baked products, the free phenolic acid content was higher 

within the baked product. The majority of bound phenolic acids remained constant when 

the baked quantities were compared to the quantities within the flour. 

When the quantities were correlated by PLS regression to the trained panel data, 

free and bound phenolic acids were found to correlate with the sensory characteristics in 

the bread crumb. The bound phenolic acids were observed to have a better correlation 

than the free or the free and bound phenolic acids for the cracker. This was unexpected as 

it has been reported that free phenolics were thought to contribute more to flavour than 

bound phenolic acids (Heinio et al., 2008). It is hypothesized that the process of 

mastication could potentially release some of the bound phenolic acids which then 

contribute to the sensory perceptions of wholegrain products. The bound phenolic acids 

were more strongly correlated within the crackers, where the conditions are more suited 

for the Maillard reaction to occur. It has been reported that phenolic acids interfere with 

the Maillard reaction resulting in altered end products (Jiang & Peterson, 2010; Jiang et 

al., 2009). As the phenolic acids demonstrated weak correlations with the sensory 

properties, it could be that the Maillard reaction end products are contributing to the 

perceived sensory properties within wholegrain products. 
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Suggested future research to continue is as follows: 

1) The flours examined in this study were blends of different varieties of wheat 

and thus it is unknown whether the same results will be observed for pure wheat 

varieties. The current research's focus is the food processing industry, yet more 

fundamental research could also be completed. Future research should 

investigate pure wheat varieties to determine if similar trends are noted, or if a 

varietal effect is observed. Knowledge of the sensory properties of pure varieties 

of wheat will enable breeders to focus on growing wheats with sensory 

properties that consumers find more appealing in their wholegrain products. 

Furthermore, focusing on pure wheat varieties may provide a greater range of 

phenolic acids which would give a better indication of how phenolic acids are 

affecting the sensory properties. 

2) A number of sensory differences were noted between the low and intermediate 

moisture products. Unfortunately, as different types of flours were used to 

prepare these products, the effect of moisture can only be speculated at this point 

in time. Preparing low and intermediate moisture products from the same flour 

will provide greater insight that moisture and processing conditions play on the 

sensory properties of baked products. 

3) The Maillard reaction is an important reaction contributing colour and aromatics 

to baked products. However, it is known that phenolics interfere with this 

reaction. The aromatic compounds produced from baking should be identified 

and quantified in products with low and high levels of phenolics to gain a 
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greater understand as to how these compounds are interfering and affecting the 

sensory properties of wholegrain breads. Also investigating the effect of 

mastication on the proportions of free and bound phenolics would aid in gaining 

insight as to how bound phenolic acids are contributing to the sensory properties 

of wholegrain products. 
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APPENDICES 

Appendix A-Standardsfor HPLC and total phenolic content (TPC) quantification, regression 
equations andR2 values 

Table A-1: Standards for HPLC and total phenolic content (TPC) quantification, 
regression equations and R2 values for bran and bran infusions (Chapter 3) 

Standard Regression Equation R2 

HPLC Quantification 

Gallic acid 

Protocatechuic 

p-hydroxybenzoic acid 

Gentisic 

3-hydroxybenzoic acid 

Vanillic acid 

Syringic acid 

Caffeic acid 

Ferulic acid 

/?-Coumaric acid 

Sinapinic 

2721.8x-2.69 

3431.2x-3.09 

5560.2+1.54 

1193.3x+0.75 

337.9+0.37 

3644.2x+0.62 

2998.7x-l.3412 

3971.5x+3.70 

5585x-5.76 

6863.1x+4.72 

4048.7-10.74 

0.9959 

0.9963 

0.9983 

0.9967 

0.9915 

0.9987 

0.999 

0.9949 

0.9975 

0.9983 

0.964 

TPC 

Gallic acid 46.967x-0.15 0.9945 

124 

http://2998.7x-l.3412


Table A-2: Standards for HPLC and total phenolic content (TPC) quantification, 
regression equations and R values for wholegrain flour and wholegrain products 
(Chapter 5) 

Standard Regression Equation 1 R2 

HPLC Quantification 

Gallic acid 

Protocatechuic 

p-hydroxybenzoic acid 

Gentisic 

3-hydroxybenzoic acid 

Vanillic acid 

Syringic acid 

Caffeic acid 

Ferulic acid 

p-Coumaric acid 

Sinapinic 

2004.9x-0.65 

2776.6x+0.84 

3906.1x-5.25 

835.4x-2.26 

569.9x-1.23 

2409.5x-2.68 

2378.4x-3.76 

4200.1x-5.86 

2777.4x-14.55 

4179.6x-6.65 

3559.9x-4.76 

0.9999 

0.9424 

0.9798 

0.9837 

0.975 

0.9646 

0.9582 

0.9888 

0.996 

0.9948 

0.9662 

TPC 

Ferulic acid 0.0024x-0.03 0.9817 
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Appendix B - Consent form REB#09MA20 

CONSENT TO PARTICIPATE IN RESEARCH 

Trained panel evaluation of food products 

You are asked to participate in a research study conducted by Lisa Duizer, Matthew 
Rietberg, Carolyn Challacombe, and Derek Vella from the Department of Food 
Science at the University of Guelph. 

The results of this study will contribute to the completion of a Master's thesis for 
Matthew Rietberg and Carolyn Challacombe. This project is being funded by the 
Advanced Food Materials Network (AFMnet), the Ontario Ministry of Agriculture, Food, 
and Rural Affairs (OMAFRA), and Mathematics of Information Technology and 
Complex Systems (MITACS). 

If you have any questions or concerns about the research, please feel free to contact 
Lisa Duizer, Faculty member in the Department of Food Science. Phone: 519-824-
4120 ext 53410. 

PURPOSE OF THE STUDY 

The purpose of this research is to develop a trained panel for the evaluation of flavours 
and tastes in food products. 

PROCEDURES 

If you decide to participate in this study, we would ask you to do the following 
things: 

1) Screening questionnaire: 

You will be provided with a questionnaire regarding your knowledge of food 
flavours. At the top of each questionnaire is the information you provided us when 
you first contacted us regarding your interest in the project. Before starting the 
questionnaire, please confirm that this information is correct. The remainder of the 
questionnaire contains information regarding your food habits and your knowledge 
of food flavours. During the trained panel you will be describing the tastes and 
flavours of food products. Your answers to the food habits and food flavours 
sections will assist us in knowing how well you can complete the training. 
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2) Sensory screening: 

Once we have confirmed that you will not suffer any adverse reactions to any of 
the products you will be testing, we will invite you to attend two tasting sessions. 
In total the tasting process will take two hours over the period of two days (one 
hour per day). During each tasting session you will be tasting creams differing in a 
taste/flavour or texture and you will taste water solutions which contain varying 
levels of sucrose (sweet), sodium chloride (salt), caffeine (bitter), citric acid 
(bitter), and alum (astringent). You will be tested on your ability to differentiate 
between the strength of tastes/flavours/textures in these products. You will also be 
asked to describe flavours that are present in a food product. 

Based on your scores, we will be selecting individuals who are good at identifying 
differences between products and can repeatedly find these differences. We are 
also looking for people who are available to attend all training and testing sessions. 

We will reimburse you $5.00 for each screening tasting session that you attend. 

3) Training: 

If you are selected, you will be invited to participate in sensory training. You will 
be trained to evaluate selected food products for perception of various taste and 
flavour characteristics as well as flavour intensities. The training process is 
expected to take 20 sessions of approximately one hour. These sessions will be 
held five days per week (Monday-Friday). The time for the sessions will be 
confirmed with you after screening has taken place. Training involves meeting as a 
group to taste and describe the tastes/flavours of various foodstuffs. We will work 
with you to define those descriptors and then teach you how to evaluate various 
foodstuffs for those descriptors. The final stages of the training involve you 
practicing making your evaluations in a sensory booth using a computer to input 
your responses.During each training day you will be provided with an ingredient 
list of the food products that you will taste. Please let us know if you are allergic to 
any of the ingredients or if you feel uncomfortable eating any of the products. You 
will not receive a large amount of any of the food products but if you feel that you 
are getting full, you can stop eating at any point during training. 

We will reimburse you $15.00 for each training testing session that you attend. If 
you cannot attend a tasting session, please contact us to let us know. 

4) Testing: 

After you have been trained, you will be asked to evaluate products for the 
characteristics in which you were trained using a computer for data entry. In total 
the tasting sessions will take one hour each day for five to twelve days. 

We will reimburse you $15.00 for each testing session that you attend. If you 
cannot attend a tasting session, please contact us to let us know. 
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POTENTIAL RISKS AND DISCOMFORTS 

You will be eating food products which may contain the following ingredients: 

Salt, citric acid, sugar, caffeine, tannic acid, alum, cream, wheat flour, wheat bran, 
wheat germ, shortening, soybean and/or canola oil, butter or margarine, honey, baking 
soda, baking powder, rolled oats, chicory root inulin, wheat gluten, oat bran, 
sugar/glucose-fructose, fancy molasses, diacetyl tartaric acid esters ofmono-and diglyc-
erides, monoglycerides, calcium propionate, sodium stearoyl-2-lactylate, calcium car
bonate, sorbic acid, anylase, ascorbic acid, xylanase, azodicarbonamide, eggs, polyglyc-
erol polyricinoleate (emulsifier), gelatin from pork skin, Tween 80 (emulsifier). 

Additionally, you will be cleansing your palate with unsalted Premium Plus soda crackers 
and water. 

On each training day, an ingredient list of each product tested will be provided. 

If you know that any of these products/ingredients may cause you discomfort or if 
you are allergic to them please do not take part on the study. 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

Information collected by this study will help us to have a better understanding of the 
sensory characteristics of wheat bran as well as how salt intensity various with time. 

PAYMENT FOR PARTICIPATION 

You will receive $5 per screening session for your time. You will receive $15 per training 
and testing session that you attend. Payments will be made at the end of each stage of the 
study (sensory screening, training and tasting). 

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information 
that is obtained in connection with this study. All data collected during the research 
portion of this study will be treated as confidential. Data collected in the training 
phase of this work will not be confidential and will be used for training purposes 
only. 

All data will be stored on a password protected computer in a locked room. The data will 
be analyzed to calculate group mean scores and standard deviations. All data collection is 
anonymous. There is no way to track your panellist number back to you. 

128 



PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not. If you volunteer to be in this 
study, you may withdraw at any time without consequences of any kind. You may 
exercise the option of removing your data from the study. You may also refuse to 
answer any questions you don't want to answer and still remain in the study. The 
investigator may withdraw you from this research if circumstances arise that 
warrant doing so. 

RIGHTS OF RESEARCH PARTICIPANTS 

You may withdraw your consent at any time and discontinue participation without 
penalty. You are not waiving any legal claims, rights or remedies because of your 
participation in this research study. This study has been reviewed and received 
ethics clearance through the University of Guelph Research Ethics Board. If you 
have questions regarding your rights as a research participant, contact: 

Research Ethics Coordinator Telephone: (519) 824-4120, ext. 56606 
University of Guelph E-mail: sauld@uoguelph.ca 
437 University Centre Fax: (519) 821-5236 
Guelph, ON N1G2W1 
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SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 

I have filled in the screening questionnaire for allergies and I have read the 
ingredient listing for the products that I will be trying. I am not allergic or sensitive 
to any of the listed items. 

I have read the information provided for the study "Trained panel evaluation of 
food products" 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) 

Name of Witness (please print) 

Signature of Participant or Legal Representative Date 

SIGNATURE OF WITNESS 

Signature of Witness Date 
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Appendix C— Example of a descriptive sensory questionnaire 

WELCOME to Carolyn's trained bread panel 
Today you will be receiving 10 samples; 5 crumb samples and 5 crust 

samples. 
You will be asked to evaluate the crumb on a different set of line scales than the crust. 

These samples will be evaluated on a 15 cm line scales. 

Please be sure to cleanse your palate well in between samples. 

Please take your time. 

There will be a 3 minute break in between each sample. 

To start the test, click on the Continue button below: 

Panelist Code: 

Panelist Name: 
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Question # 1 - Sample 

Put another piece of sample %01 in your mouth. Chew 12 times then hold sample on ton
gue for 5 seconds. Swallow and then make your evaluation. 

Sweet 
Not sweet Very sweet 

Salt 
Not salty Very salty 

Sour 
Not sour Very sour 

Question # 2 - Sample 

Put another piece of sample %01 in your mouth. Chew 12 times then hold sample on ton
gue for 5 seconds. Swallow, exhale through your nose and then make your evaluation. 
Please keep in mind that molasses is on the next screen. 

Grainlike 
Not grainlike Very grainlike 

h 

Yeasty 
Not yeasty Very yeasty 

Wheaty 
Not wheaty Very wheaty 
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Toasted 
Not toasted Very toasted 

Malted 
Not malted Very malted 

I 1 1 

Question # 3 - Sample 

Please evaluate this attribute based on the last piece of bread you tasted. 

Molasses 
No molasses flavour Strong molasses flavour 

I 1 1 

Question # 4 - Sample 

Put another piece of sample %01 in your mouth. Chew 12 times then hold sample on ton
gue for 5 seconds. Swallow and then make your evaluation. 

Bitter 
Not bitter Very bitter 

Astringent 
Not astringent Very astringent 

i_ 
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Appendix D—ANOVA tables for sensory parameters 

Table D-l: ANOVA tables of bran infusions sensory attributes for boiling times 

Parameter 
Astringency 

Bitterness 

Source 
Rep 
Judge 
Colour 
Boiling time 
Colour*time 
Rep 
Judge 
Colour 
Boiling time 
Colour*time 

Df 
2 
9 
1 
3 
3 
2 
9 
1 
3 
3 

ANOVA SS 
4.95 

272.90 
2.24 
15.77 
3.68 
1.11 

21.95 
0.29 
4.54 
0.86 

F-value 
1.00 
16.91 
0.92 
2.15 
0.50 
0.97 
19.08 
0.25 
3.95 
0.75 

p-value 
0.3678 

<0.0001 
0.3395 
0.0954 
0.6823 
0.3814 

O.0001 
0.6179 
0.0090 
0.5234 
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Table D-2: ANOVA tables of bran infusions sensory attributes for particle sizes 

Parameter 
Astringency 

Bitterness 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 

Df 
2 
9 
1 
2 
2 
2 
9 
1 
2 
2 

ANOVA SS 
6.66 

461.34 
0.02 
4.65 
3.28 
1.72 

237.59 
0.29 
1.87 
3.00 

F-value 
1.54 

23.67 
0.01 
1.07 
0.76 
0.89 

27.28 
0.30 
0.97 
1.55 

p-value 
0.2181 

O.0001 
0.9235 
0.3429 
0.4704 
0.4131 

O.0001 
0.5867 
0.3823 
0.2149 
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Table D-3: ANOVA tables of sensory attributes for bread crust 

Parameter 
Sweet 

Salt 

Sour 

Bitter 

Astringent 

Grainlike 

Wheat 

Toast 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 

Df 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 

"" 1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 

ANOVA SS 
8.48 

1204.82 
2.37 
14.67 
3.49 
8.00 

858.23 
1.59 
0.91 
0.38 
1.28 

739.41 
0.46 
4.32 
1.90 

17.14 
1282.50 

5.77 
5.18 
6.46 
13.51 

647.60 
0.56 
1.67 
0.17 
10.54 

883.23 
19.15 
74.52 
21.29 
28.50 
821.96 

1.47 
0.28 
4.62 
16.13 

853.89 
1.57 
2.31 
3.71 

F-value 
2.27 
80.59 
1.93 

11.80 
3.49 
2.60 
69.65 
1.55 
0.88 
0.37 
0.20 

29.33 
0.22 
2.06 
0.91 
2.84 
53.08 
2.86 
2.51 
3.21 
2.30 

27.53 
0.29 
0.70 
0.09 
1.50 

31.42 
8.18 

31.82 
9.09 
4.17 
30.09 
0.64 
0.12 
2.03 
2.29 
30.26 
0.67 
0.98 
1.58 

p-value 
0.0815 

O.0001 
0.1668 
0.0007 
0.0953 
0.0538 

O.0001 
0.2151 
0.3486 
0.5439 
0.8944 

O.0001 
0.6399 
0.1531 
0.3425 
0.0393 

O.0001 
0.0922 
0.1105 
0.0749 
0.0791 

O.0001 
0.5933 
0.4047 
0.7683 
0.2160 
O.001 
0.0047 
O.001 
0.0029 
0.0069 
O.001 
0.4232 
0.7282 
0.1560 
0.0801 

O.0001 
0.4148 
0.3231 
0.2108 
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Parameter 
Yeast 

Malt 

Molasses 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 

s Particle size 
Colour*size 

Df 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 

ANOVA SS 
11.40 

924.05 
0.09 

0.194 
0.000 
14.41 

904.27 
0.06 
0.63 

0.194 
2.82 

706.20 
1.24 
0.07 

0.001 

F-value 
4.06 
82.24 

0.1 
0.21 
0.00 
3.30 
51.83 
0.04 
0.43 
0.13 
1.66 

103.75 
2.18 
0.12 
0.00 

p-value 
0.008 

O.0001 
0.7561 
0.6490 
0.9942 
0.0215 

O.0001 
0.8392 
0.5126 
0.7149 
0.1777 

O.0001 
0.1411 
0.7313 
0.9630 
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Table D-4: ANOVA tables of sensory attributes for bread crumb 

Parameter 
Sweet 

Salt 

Sour 

Bitter 

Astringent 

Grainlike 

Wheat 

Toast 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 

Df 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 

ANOVA SS 
1.32 

572.89 
10.28 
27.87 
0.40 
0.82 

615.80 
0.11 
0.20 
6.49 
13.65 

396.09 
2.46 
0..02 
3.68 
4.80 

1146.65 
19.21 
8.08 
8.24 
5.87 

900.91 
1.19 
3.84 
0.04 
3.29 

685.82 
51.20 
50.20 
35.25 
4.89 

681.87 
0.009 
8.08 
2.68 
3.52 

1527.04 
2.75 
0.12 
0.13 

F-value 
0.18 
19.78 
4.26 
11.54 
0.16 
0.27 
50.51 
0.11 
0.20 
6.39 
1.95 

14.17 
1.06 
0.01 
1.58 
0.70 

41.61 
8.37 
3.52 
3.59 
1.29 

49.54 
0.79 
0.54 
0.03 
0.65 

33.87 
30.34 
29.75 
20.89 
1.14 

39.64 
0.01 
5.64 
1.87 
1.26 

136.06 
2.94 
0.13 
0.14 

p-value 
0.9081 

O.0001 
0.0404 
0.0008 
0.6855 
0.8480 

<0.0001 
0.7392 
0.6572 
0.0123 
0.1226 

O.0001 
0.3055 
0.9343 
0.2104 
0.5545 

O.0001 
0.0043 
0.0623 
0.0597 
0.2786 

O.0001 
0.3761 
0.1130 
0.8736 
0.5839 

<0.0001 
O.0001 
<0.0001 
O.0001 
0.3357 

O.0001 
0.9348 
0.0186 
0.1728 
0.2908 

O.0001 
0.0879 
0.7232 
0.7124 
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Parameter 
Yeast 

Malt 

Molasses 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 

Df 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 
3 
12 
1 
1 
1 

ANOVA SS 
2.82 
56.08 
0.14 
0.10 
4.65 
2.52 

654.42 
0.60 
0.60 
0.97 
7.84 

458.20 
0.16 
1.79 
0.01 

F-value 
2.51 

49.96 
0.13 
0.09 
4.14 
0.84 
54.30 
0.60 
0.60 
0.97 
3.50 

51.18 
0.21 
2.40 
0.02 

p-value 
0.0602 

O.0001 
0..7216 
0.76154 
0.0432 
0.4752 

O.0001 
0.4391 
0.4391 
0.3259 
0.0165 

O.0001 
0.6446 
0.1233 
0.8905 
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Table D-5: ANOVA tables of sensory properties for crackers 

Parameter 
Sweet 

Salt 

Sour 

Bitter 

Astringent 

Grainlike 

Wheat 

Toast 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour* size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 

Df 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 

ANOVA SS 
4.62 
37.32 
2.67 
13.80 
6.03 
0.36 

382.14 
0.47 
1.85 
3.17 
4.63 

415.52 
0.43 
16.73 
0.065 
3.85 

433.94 
1.34 

37.30 
7.56 
2.58 

529.35 
0.71 
1.28 
0.12 
4.69 

218.75 
1.30 

84.84 
2.05 
1.68 

2.94.79 
0.94 
15.84 
0.59 
2.32 

119.42 
3.20 

20.67 
4.11 

F-value 
0.82 
1.48 
0.95 
4.92 
2.15 
0.12 

29.23 
0.32 
1.27 
2.18 
1.84 

36.48 
0.34 
13.31 
0.05 
0.90 
22.53 
0.63 
17.43 
3.53 
0.85 
38.94 
0.47 
0.85 
0.08 
1.51 
15.61 
0.84 
54.50 
1.362 
0.51 
19.99 
0.54 
9.67 
0.36 
0.73 
8.32 
2.01 
12.96 
2.58 

p-value 
0.4411 
0.1653 
0.3314 
0.0287 
0.1455 
0.8851 

<0.0001 
0.5712 
0.2617 
0.1427 
0.1633 

O.0001 
0.5589 
0.0004 
0.8201 
0.4098 

<0.0001 
0.4298 

O.0001 
0.0631 
0.4286 

O.0001 
0.4959 
0.3592 
0.7783 
0.2264 

O.0001 
0.3625 

<0.0001 
0.2533 
0.5997 

<0.0001 
0.4515 
0.0024 
0.5504 
0.4853 

<0.0001 
0.1594 
0.0005 
0.1115 
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Parameter 
Branlike 

Dairy 

Earthy 

Hard 

Crisp 

Coarse 

Source 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 
Rep 
Judge 
Colour 
Particle size 
Colour*size 

Df 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 
2 
9 
1 
1 
1 

ANOVA SS 
3.79 

139.49 
4.18 

355.70 
3.40 
4.24 

112.21 
0.11 

97.02 
2.85 
1.12 

161.63 
20.92 

424.50 
40.72 
1.82 

123.62 
14.08 

216.81 
10.27 
0.19 
81.68 
0.24 

106.41 
3.40 
0.74 

218.96 
0.0003 
738.05 

2.64 

F-value 
0.40 
3.25 
0.88 

74.48 
0.71 
0.66 
3.90 
0.04 

30.38 
0.89 
0.13 
4.26 
4.96 

100.75 
9.66 
0.31 
4.60 
4.72 
72.68 
3.44 
0.04 
3.64 
0.09 

39.74 
1.27 
0.17 
11.17 
0.00 

339.00 
1.21 

p-value 
0.6737 
0.0016 
0.3516 

O.0001 
0.4007 
0.5168 
0.0003 
0.8504 

O.0001 
0.3468 
0.8759 

O.0001 
0.0280 

O.0001 
0.0024 
0.7375 

O.0001 
0.0321 

<0.0001 
0.0664 
0.9646 
0.0006 
0.7638 

<0.0001 
0.2624 
0.8443 

<0.0001 
0.9902 

O.0001 
0.2733 
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Table D-6: ANOVA table of consumer acceptance parameters for bread 

Parameter 
Overall 

Appearance 

Flavour 

Texture 

Strength of 
Aftertaste 

Source 
Judge 
Colour 
Particle Size 
Colour*size 
Judge 
Colour 
Particle Size 
Colour*size 
Judge 
Colour 
Particle Size 
Colour* size 
Judge 
Colour 
Particle Size 
Colour* size 
Judge 
Colour 
Particle Size 
Colour* size 

Df 
72 
1 
1 
1 

72 
1 
1 
1 

72 
1 
1 
1 

72 
1 
1 
1 

72 
1 
1 
1 

ANOVA SS 
3.32.72 
24.74 
0.17 
5.76 

357.24 
5.76 
0.41 
6.93 

337.63 
13.16 
0.00 
4.94 

307.26 
13.73 
7.56 
12.74 

172.28 
1.51 
0.03 
3.73 

F-value 
2.11 
11.29 
0.08 
2.63 
4.48 
5.20 
0.37 
6.26 
2.05 
5.75 
0.00 
2.16 
1.82 

18.64 
3.22 
5.43 
2.55 
1.61 
0.03 
3.97 

p-value 
O.0001 
0.0009 
0.7823 
0.1066 

<0.0001 
0.0236 
0.5413 
0.0131 

O.0001 
0.0174 

1.00 
0.1432 
0.0005 

O.0001 
0.0739 
0.0207 

O.0001 
0.2063 
0.8565 
0.0476 
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Table D-7: ANOVA table for consumer acceptance for crackers 

Parameter 
Overall 

Appearance 

Flavour 

Texture 

Strength of 
Aftertaste 

Source 
Judge 
Colour 
Particle Size 
Colour*size 
Judge 
Colour 
Particle Size 
Colour*size 
Judge 
Colour 
Particle Size 
Colour* size 
Judge 
Colour 
Particle Size 
Colour* size 
Judge 
Colour 
Particle Size 
Colour*size 

Df 
75 
1 
1 
1 

75 
1 
1 
1 

75 
1 
1 
1 

75 
1 
1 
1 

75 
1 
1 
1 

ANOVA SS 
614.22 
53.06 
2.06 
6.66 

441.009 
14.77 
0.003 
2.06 

488.24 
72.05 
24.33 
18.01 

610.09 
21.58 
8.56 
1.45 

195.25 
6.66 
7.90 
3.58 

F-value 
3.36 

21.78 
0.84 
2.74 
2.53 
6.36 
0.00 
0.89 
2.39 

26.44 
8.93 
6.61 
3.18 
8.45 
3.35 
0.57 
3.20 
8.19 
9.70 
4.40 

p-value 
O.0001 
O.0001 
0.3592 
0.0996 

O.0001 
0.0124 
0.9700 
0.3477 

<0.0001 
O.0001 
0.0031 
0.0108 

O.0001 
0.0040 
0.0685 
0.4518 

O.0001 
0.0046 
0.0021 
0.0370 

143 



Appendix E - Consent form REBW9JA028 

CONSENT TO PARTICIPATE IN RESEARCH 

Consumer testing of food products. 

You are asked to participate in a research study conducted by, Sarah Willinsky 
and Carolyn Challacombe, from the Department of Food Science at the University of 
Guelph. This project is being funded by the OMAFRA University of Guelph Food 
Program. 

If you have any questions or concerns about the research, please feel free to 
contact Lisa Duizer: Faculty member in the Department of Food Science. Phone: 519-

824-4120 ext 53410. 

PURPOSE OF THE STUDY 

The purpose of this study is to determine preference for new bread products. 

PROCEDURES 

Before beginning the study, please fill in the attached screening questionnaire. This 
is to ensure that you are not allergic to any products or ingredients that you will be 
testing. 

Once we have looked at the results of your questionnaire and confirmed that you 
will not suffer any adverse reactions to any of the products that you will be testing, 
we will take you to the sensory booths and ask you to do the following things: 

You are going to be asked to taste five bread samples and answer questions based on your 
liking of the product. 

Once you have completed testing, you will be reimbursed for your time. If you have any 
questions about the products, you can ask them after you have tried them. 
In total, this tasting session will take about 30 minutes. 

POTENTIAL RISKS AND DISCOMFORTS 

You will be eating food products which contain the following ingredients: 

Wheat flour (whole and refined), sugar, yeast, shortening, and salt 

Additionally, you will be cleansing your palate with an apple slice and water. 
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If you know that any of these products/ingredients cause you discomfort or you are 
allergic to them, please do not take part in the study. 

If you do not have any allergies/discomfort with any of the listed ingredients, there are no 
known risks to being involved with this study. 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

Information collected by this study will help us to have a better understanding of what 
you like and don't like about various wheat breads. This knowledge will allow for the 
development of nutritionally beneficial products which are deemed acceptable by 
consumers. 

PAYMENT FOR PARTICIPATION 
You will receive $5.00 for your time. 

CONFIDENTIALITY 
Every effort will be made to ensure confidentiality of any identifying information 
that is obtained in connection with this study. 

All data will be stored on a password protected computer in a locked room. The data will 
be analyzed to calculate mean scores and standard deviations. All data collection is 
anonymous. There is no way to track your panellist number back to you. 

PARTICIPATION AND WITHDRAWAL 
You can choose whether to be in this study or not. If you volunteer to be in this 
study, you may withdraw at any time without consequences of any kind. You may 
exercise the option of removing your data from the study. You may also refuse to 
answer any questions you don't want to answer and still remain in the study. The 
investigator may withdraw you from this research if circumstances arise that 
warrant doing so. 

RIGHTS OF RESEARCH PARTICIPANTS 
You may withdraw your consent at any time and discontinue participation without 
penalty. You are not waiving any legal claims, rights or remedies because of your 
participation in this research study. This study has been reviewed and received 
ethics clearance through the University of Guelph Research Ethics Board. If you 
have questions regarding your rights as a research participant, contact: 

Research Ethics Coordinator Telephone: (519) 824-4120, ext. 56606 
University of Guelph E-mail: sauld@uoguelph.ca 
437 University Centre Fax: (519) 821-5236 
Guelph, ON N1G2W1 
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SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 

I have read the ingredient listing for the products that I will be trying and I am not 
allergic or sensitive to any of the listed items. 

I have read the information provided for the study "Consumer Testing of Food 
Products" 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) 

Name of Witness (please print) 

Signature of Participant Date 

SIGNATURE OF WITNESS 

Signature of Witness Date 
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Appendix F—Example of a consumer questionnaire 

Welcome to the Bread Panel Study. 

Today you will be evaluating 5 bread samples. You will be receiving a tray with the 5 
samples as well as an apple slice and a glass of water. Please take a bite of apple and a 

sip of water between each sample to cleanse your palate. 

Each sample is coded with a number. Please ensure the sample you are tasting is coded 
with the same number as the number displayed on the screen. 

If you require more of a sample or palate cleanser, please do not hesitate to ask. 

To begin the test, please slide your card through the hatch in front of you and, using the 
mouse under the desk, click on the Continue button below: 

Please note that your panelist number will be your registration number on the next screen. 
Please remember this number. 

Panelist Code: 

Panelist Name: 
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Question # 1 - Sample 

Please take a bite of sample %01. Overall, how much do you like or dislike this prod
uct? 

dislike dislike dislike dislike neither like like like like 
ex- very mod- slightly like nor slightly mod- very ex

tremely much erately dislike erately much tremely 

Question # 2 - Sample 

Now please look at sample %01 

How much do you like or dislike the appearance of this sample? 
dislike dislike dislike dislike neither like like like like 

ex- very mod- slightly like nor slightly mod- very ex
tremely much erately dislike erately much tremely 

Question # 3 - Sample 

Place sample %01 in your mouth, chew and swallow. Please then evaluate the attributes 
below. 

Flavour Liking 

dislike dislike dislike dislike neither like like like like 
ex- very mod- slightly like nor slightly mod- very ex

tremely much erately dislike erately much tremely 

Texture Liking 

dislike dislike dislike dislike neither like like like like 
ex- very mod- slightly like nor slightly mod- very ex

tremely much erately dislike erately much tremely 
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Question # 4 - Sample 

Strength aftertaste 

No after- Strong af-
taste tertaste 

Is the aftertaste pleasant? 
Yes No No There is no 

Preference aftertaste 

Question # 5 - Sample 

Please pull the keyboard out from underneath the desktop. Use it to type any comments 
you may have about the samples. 

If you have no comments, click the Next Sample button. 

Question # 6. 

How frequently do you consume one serving of grain product? 
1 slice of bread=l serving 
1 bagel, pita, or bun=2 servings 

D 5+ servings daily 
• 3-4 servings daily 
• 1-2 servings daily 
D 2-3 times per week 
• less than once weekly 

Question # 7. 

What types of bread do you most frequently consume? 

D White (includes refined) 
• Brown (includes: whole wheat, wholegrain, multi grain, etc) 
D Other (please specify on next slide) 
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Question # 8. 

If you answered 'other' on the last slide, please use the key board under the desk to type 
the specific kinds of bread you most frequently consume. 

If you did not select 'other', please click "Next Question' to continue. 

Question # 9. 

What is your age? 

• Less than 18 
D 18-25 
D 26-35 
• 36-45 
• 46+ 

Question #10. 

What is your gender? 

• Male 
• Female 
D Prefer not to disclose 
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Appendix G- Interaction graphs 

Figure G-1: Significant colour*boiling time interactions for syringic (A) and 
protocatechuic acid (B) for bran infusions 
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Figure G-2: Significant colour*particle size interactions for descriptive analysis of grainlike (A) for bread crumb and crust, 
salty (B), yeasty (C) for bread crumb and earthy (D) for cracker 
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Figure G-3: Significant colour*particle size interactions for consumer acceptance of bread appearance (A), texture (B), 
strength of aftertaste (C), and cracker flavour (D) and strength of aftertaste (E) 
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Appendix H- PLS maps for bread crust 
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Figure H-1: PLS map of bread crust sensory attributes with free and bound 
flour phenolic acids 

pHBA = j»-hydrozybenzoic acid, VA = Vanillic acid, Syr = Syringic acid, CA = 
Caffeic acid, pCou =/?-coumaric acid, FA = Ferulic acid, Sin = Sinapinic acid, F 
Free, B = Bound 
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Figure H-2: PLS map of bread crust sensory attributes with bound crust phenolic 
acids 

pHBA =/>-hydrozybenzoic acid, VA = Vanillic acid, Syr = Syringic acid, CA = 
Caffeic acid, pCou =/>-coumaric acid, FA = Ferulic acid, Sin = Sinapinic acid, B 
Bound 
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