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ABSTRACT 

 

Flaxseed is an excellent source of bioactive compounds, alpha-linolenic acid (ALA) 

and secoisolariciresinol diglucoside (SDG), which when added to food products enhance 

their functionality.  However, when flaxseed is added to foods, overall acceptability and 

sensory properties can be affected, which may negatively affect the role of functional food 

in providing health benefits.  This study was designed to determine the effects of adding 

milled flaxseeds (20g or 30g) and storage (1 month and 6 months) at - 200C in banana and 

cinnamon muffins on the sensory properties of muffins using both consumer acceptability 

evaluation and descriptive analysis, physical and chemical measurements, and ALA and 

SDG concentrations.  Results were correlated using partial least square (PLS) to provide 

an explicit demonstration of association between overall acceptability of muffins and 

results from various measurements conducted.  It was revealed that the addition of flaxseed 

reduced overall acceptability due to the enhancement of flax aroma and flavor, oil aroma 

and flavor, sour aroma and taste, brown color, and firmness., while storage had no impact.   

The negative influence of these sensory attributes was addressed by the addition of 

flavorings.   Cinnamon flavoring reduced the presence of oil aroma and flavor, and sour 

aroma and taste while firmness decreased when pureed banana was added.  But the 

intensities of flax aroma and flavor, and brown color were still pronounced in muffins even 

after the addition of the two flavorings.    

ALA and SDG concentrations were markedly increased in muffins when flaxseed was 

added.  Storage did not significantly affect the levels of ALA in all muffins but prolonged 
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storage increased SDG level, which can be associated with its role in enhancing extraction 

proficiency of SDG from the muffin matrix. 

Although results revealed that acceptability of muffins was significantly higher among 

clinical trial participants, the mean liking values had moderate deviation between 

consumers and clinical trial participants.  This indicated that muffins fortified with 

flaxseeds can be acceptable by consumers with diverse wants. 
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1.  Introduction 

 

 Flaxseed is a unique crop with its occurrence recorded as early as 9000-8000 BC 

in Turkey, Iran, Jordan, and Syria.  Evidence of its cultivation started between 7000 and 

4500 BC. In the 1990’s, flaxseed began being used as a health promoting ingredient for 

food products  (Hall III, Tulbek, & Xu, 2006).  It originated from the Latin word “Linum 

usitatissimum” which means very useful. Often times, flaxseed is used interchangeably 

with linseed. The distinction between flaxseed and linseed is based on its use.  Flaxseed 

refers to a food for human consumption while linseed is used to denote its industrial use 

(Goyal, Sharma, Upadhyay, Gill, & Sihag, 2014).  North Americans use this description 

while Europeans associate flaxseed with linen production (Morris, 2007). 

 Between 1993 and 2013, the highest yield of flaxseeds worldwide was in 2005, 

with an average of 2.76 million tons while the lowest was in 2007 with 1.66 million tons.   

By region, 46.4% of the crop is produced in North America followed by Asia with 31.7% 

average yield.  Countries with prominent average production are China-mainland, India, 

United States of America and Canada, which ranks first cultivating an average of 0.77 

million tons.  The highest output reflected in Canada was in 1995 with an average of 1.11 

million tons and the lowest was in 2011 amounting to 0.37 million tons (FAOSTAT. 

Food and Agriculture Organization of the United Nations Statistics Division, 2015).  

Canada is also the leading exporter, which covers around 80% of the international trade 

(Oomah & Mazza, 1998).   Exportation of flaxseed from Canada is forecasted to increase 

by 15% from 2013-14 to 2014-15 with a domestic utilization expansion by 20%.   The 

average flaxseed cost is predicted to decrease from 2014 to 2015 due to steady demand in 

the world market, increased supplies from competitors, and reduced oilseed prices 
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globally (Agriculture and Agri-Food Canada, 2015).  Increased demand for flaxseed is 

associated with the role of its oil in the industry (Oomah, 2001), and it is primarily used 

in the manufacturing of paints and floor covering (linoleum).   Once the oil has been 

extracted, by-products of flaxseed including flaxseed meal or linseed meal are used in 

animal feeds production (Newkirk, 2008). 

 Flaxseed is available in either brown or yellow varieties.  Brown flaxseed is 

grown in abundance in Canada and is a rich source of alpha-linolenic acid (ALA), while 

its yellow counterpart, known as Omega, is domestically produced in US.  Solin, is 

another variety which is low in ALA and its addition to margarines is widely used in 

Europe (Morris, 2007).    
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2.  Review of Related Literature 

2.1  Flaxseed 

2.1.1  Flaxseed:  Structure and Composition 

 Flaxseed is composed of 55% cotyledon, 36% seed coat and endosperm, 

or sometimes called the hull, and 4% embryo (Daun, Barthet, Chornick, & Duguid, 

2003).  The seed is flat and oval in shape (Morris, 2007) and ranges in both length and 

weight, from 4 to 6 mm, and from 4 to 6g/1000, respectively.  With regard to the oil 

content of flaxseed, 75% is stored in the cotyledon, 22% is in the seed coat, and the 

remaining amount in the embryo (Daun et al., 2003).   The coat which covered the seed 

varies in color from dark brown to light yellow and has an even and glossy outer 

appearance (Daun et al., 2003; Morris, 2007).  Figure 2-1 illustrates the structure of 

flaxseed (Daun et al., 2003).  Flaxseed grown in Canada has an average length between 

4.5 and 4.78 mm and a mean width and thickness of 2.37 and 1.0 mm (Pradhan, Meda, 

Naik, & Tabil, 2010).  

  Flaxseed is a rich source of fat, protein, fiber and lignan.  On average, flaxseed 

contains 30-40% fat, 20-25% protein, 20-28% total dietary fiber, 4-8% moisture, and 3-

4% ash.  The presence of these compounds fluctuates depending on genetics, 

environmental condition, seed cultivation and analytical methods used (Coskuner & 

Karababa, 2007).    
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Figure 2-1 Structure of flaxseed. 

A-seed; B-transverse section; C-longitudinal section; D-transverse section and (x400); 

E-longitudinal section (x400), showing testa endosperm and cotyledon cells. 

Abbreviations: t-testa; es-endosperm; cots-cotyledons; g-germ 

 

 

 Flaxseed is marketed for consumption as whole seed, milled or ground, and as oil.  

Milled or ground flaxseed is recommended for regular consumption over whole seed due 

to ease in digestibility and nutrient utilization (Morris & Vaisey-Genser, 2003). 

 Based on the chemical analysis of flaxseed, the relative composition is presented 

per gram (Table 2-1). 

 

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439831915.ch1&iName=master.img-000.png&type=master
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Table 2-1 

Relative composition of whole flaxseed, milled flaxseed, flaxseed oil per grama 

Form of 

Flax 

Weight 

(g) 

Energy 

(kcal) 

Total 

Fat (g) 

ALA 

(g) 

Protein 

(g) 

Total 

CHO (g) 

Total Dietary 

Fiber (g) 

Whole 

Flaxseed 

1.00 4.50 0.41 0.23 0.20 0.27 0.27 

 

 

Milled 

Flaxseed 

 

1.00 

 

4.50 

 

 

0.41 

 

0.23 

 

0.20 

 

0.29 

 

0.28 

 

Flaxseed 

Oil 

 

1.00 

 

8.90 

 

1.00 

 

0.57 

 

0.00 

 

0.00 

 

0.00 

aAdapted from Flax – A Nutrition Health Primer,  Flax Council of Canada 

 (Morris, 2007) 

 

 

When 8 g of milled flaxseed is consumed in a day, it provides approximately 1.84 

g alpha-linolenic acid (ALA), which is enough to meet the adequate intake (AI) of 1.6 g 

for men and 1.1 g for women for ALA (Trumbo, Schlicker, Yates, & Poos, 2002).  Both 

soluble and insoluble dietary fiber are found in flaxseeds whether whole or milled.  A 

total of 0.05-0.11 g soluble fiber per gram and 0.16-0.22 g and 0.16-0.23 g insoluble fiber 

per gram of whole flaxseed and milled flaxseed.  Secoisolariciresinol diglucoside (SDG),  

a type of lignin is present in large amounts ranging from 1-26 mg per g of whole flaxseed 

(Morris, 2007). 

2.1.2  Flaxseed as a Functional Food in Health 

Functional foods can be defined as a food or food ingredient, which has 

constituents that promote health benefits, improve physiological conditions, and avert 

diseases (Al-Okbi, 2005).  Flaxseed has been acknowledged as a functional food during 

the twenty-first century because it is consumed as a regular food or an ingredient added 
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to food, and provides defense against diseases or physiological benefits (Morris & 

Vaisey-Genser, 2003).  Flaxseed’s functionality can be attributed to several active 

components including ALA and SDG, which play significant roles in promoting health 

and combatting chronic diseases.       

ALA is the parent compound of the omega-3 fatty acids family.  It is an essential 

nutrient, which is found in large amounts in oilseeds with flaxseed oil as the richest 

source.  ALA concentration ranges from 45-60% in flaxseed oil (Cunnane, 2003).  The 

role of ALA in addressing cardiovascular diseases (CVD) has long been associated with 

its derivatives, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).  Studies 

have also shown that ALA alone can reduce the prevalence of CVD, which is one of the 

leading causes of mortality worldwide and can be attributed to several mechanisms 

including the reduction of blood lipids like plasma cholesterol and triglycerides by gene 

inhibition (Fukumitsu et al., 2012); elevation of cholesterol efflux from foam cells  (J. 

Zhang et al., 2012); and, reduction of  angiotensin-converting enzyme (ACE) in rats 

(Ogawa, Suzuki, Aoyama, & Takeuchi, 2009).  In 2012, 68% of global death was due to 

non-communicable diseases (NCD) in which 46.2% were attributed to CVD placing it at 

the top of the list.  Among adults below 70 years of age, CVD was also the principal 

cause of premature mortality at 37%, followed by cancer and chronic respiratory diseases 

(World Health Organization, 2014).  The etiology of CVD is associated with 

atherosclerosis, which is attributed to several risk factors including hypertension, elevated 

blood lipids and sugar, unhealthy lifestyle, smoking, being overweight and obese, and 

other non-behavioral and non-metabolic variables (World Health Organization, World 

Heart Federation, & World Stroke Organization, 2011) .    
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As a generous source of ALA, when ground flaxseed or flaxseed oil was 

supplemented in the diet, plasma ALA levels increased significantly in adults although 

flaxseed oil was better absorbed as indicated by higher ALA concentration values 

(Patenaude et al., 2009).   This approach may lead to the reduction of atherosclerosis and 

other associated factors as shown in different studies.  Ferretti and Flanagan (1996) 

showed that canola oil and flax oil (with ALA at 5% of energy level) was comparable to 

fish oil (with EPA + DHA at 2.3% of energy level) in impeding thromboxane formation 

by reducing urinary excretion of 11-dehydrothromboxane B2 and 2,3-dinor-6-oxo-

prostaglandin F1α (PGI2-M) by 34% and 32% in a healthy 64-year old male with normal 

blood lipids levels.   Chan, Bruce, and McDonald  (1991) revealed that ALA can 

significantly decrease the levels of plasma total cholesterol (TC), low density lipoprotein-

cholesterol (LDL-C), very low density lipoprotein-cholesterol (VLDL-C), and 

triglycerides (TG) proportionately to oleic acid and linoleic acid when flax oil, soybean 

oil, and canola oil were consumed by 8 males with 4.48 mmol/L plasma total cholesterol 

mean level.  Paschos et al (2007) showed that a daily intake of flaxseed oil (with 8g 

ALA) for 12 weeks decreased systolic blood pressure (SBP), diastolic blood pressure 

(DBP), and mean arterial pressure by 3.1, 6.3, and 6.0% in men with dyslipidemia and 

plasma total cholesterol level above 5.2 mmol/L.  Cunnane  et al (1993) found that 50g 

(with 12g ALA) flaxseed  consumed as flaxseed flour, either raw or added to bread, 

significantly decreased serum total cholesterol (TC) and LDL-C by 9 and 18% 

respectively in healthy females.   This result was not significantly affected by the way 

flaxseed was introduced into the diet.   In addition to ALA, the beneficial effects of 

flaxseed can also be attributed to fiber as shown by Patade et al (2008), which may hinder 
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the direct association with ALA when milled or whole flaxseed is used.    However, 

Caligiuri et al (2014) demonstrated the role of ALA from flaxseed in addressing 

hypertension by significantly inhibiting the enzyme soluble epoxide hydrolase (sEH), 

which catabolizes epoxyeicosatrienoic acid (EET).  EET is an oxylipin produced from 

arachidonic acid (ARA) that promotes vasodilation and natriuresis. 

 In addition to ALA, flaxseed is also the richest source of phenolic compounds 

known as lignan (Thompson, 2003).  There are different types of lignan found in 

flaxseed, but secoisolariciresinol diglucoside (SDG) dominates.  Studies have also shown 

the significance of SDG in reducing the risk of cardiovascular diseases.  Both plasma 

total cholesterol and LDL-cholesterol decreased when 300 or 600mg SDG/d extracted 

from flaxseed was ingested (W. Zhang et al., 2008).   The ratio between LDL and high 

density lipoprotein (HDL) was significantly lowered with 100mg SDG/d by -0.43 + 0.13 

but no significant changes were observed when 20mg SDG/d was given to 

hypercholesterolemic men (Fukumitsu, Aida, Shimizu, & Toyoda, 2010).  In both 

studies, SDG was given to hypercholesterolemic subjects without any prescribed or non-

prescribed medications to determine the efficacy of the compound for lowering 

cholesterol.   Almario and Karakas (2013) showed that increasing the intake of lignan to 

0.82mg per day together with ALA when consuming flaxseed bars significantly reduced 

plasma total cholesterol and LDL-cholesterol concentrations, and low density lipoprotein 

(LDL) oxidation.  The bars contained similar amount of fibre allowing the authors to 

conclude that the changes were due to lignan.  
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2.2  Flaxseed Utilization in Food Products 

In the past, flaxseed has been added as an ingredient to bread, stews, porridge and 

drinks (Vaisey-Genser & Morris, 2003).  Consumers nowadays are searching for food 

products, which are affordable, convenient, and can promote health.   

Dining out has declined due to economic reasons, which opened the opportunities 

for bread and frozen products.  In the US, within this food category, 70% of sales is 

attributed to frozen fresh baked breads, rolls and biscuits while 16% of earning is from 

selling frozen bread, rolls and pastry dough, 8% and 5% from refrigerated bagels and 

English muffins (Mitchell, 2010).    

2.2.1  Muffins Consumption and Production   

Addition of flaxseeds to bakery products may aid in optimizing their role as a 

vehicle of functional ingredients.   Holstun et al (1993), had shown that muffins are one 

of the baked products possible to incorporate flaxseed since they are easily accessible, 

affordable, and can be a substitute for bread.  In addition, demands for muffin mixes have 

also increased.  Oliveira  (2013), demonstrated that muffins ranked 7th among the 10 

foods commonly consumed as breakfast in restaurants and was preferred over fruits, 

donuts and pancakes by 45-54 year old Canadians.   The Government of Canada (2012), 

reported that 12% of all sweet goods consumed is credited to muffins and quick breads.   

The survey also showed that 81.5% of these baked products are eaten at home during 

meal time, 13.27% are consumed as snacks at home and a smaller percentage of 5.3% 

accounts for the amount of muffins or quick breads bought outside the home and 

consumed either as a meal or as a snack.  When consumed during meals, 31.4% and 
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48.7% of muffins and quick breads are eaten as a main dish while 72% are eaten as side 

dishes, usually pertaining to the corn bread/muffins.    The days of the week, season and 

holidays all affect the consumption rate.  Higher consumption rates are seen from 

Monday to Wednesday, during fall and winter season, and when Thanksgiving and New 

Year are celebrated.  Importation from Canada of bakery products revealed an increase of 

C$753 million in 2002 to C$1 billion in 2010 and a total of 150 new muffin and quick 

bread varieties offered.  These data revealed that muffins are a viable food product, which 

may be used as a tool for optimizing flaxseed’s role in human health. 

2.2.2  Muffin Ingredients and their Functions in Muffin Preparation  

Muffins can be either a cake or a bread type.  Bread type muffins are lower in fat 

and sugar which is only about 12% of the total weight of ingredients while cake muffins 

have almost more than triple that amount ranging from 18 to 70% (Cross, 2005).  The 

bread type muffin was developed in this study due to its lower sugar and fat content as 

shown in the formulations (Table 4-1).   Muffins, like other bakery products, are 

composed of the basic ingredients including flour, fats, sweeteners, leavening agents, 

eggs, dairy products, salt, spices, and flavorings. 

The principal ingredient in muffins is flour, because it provides structure and 

framework.  Volume and texture in baked products can be affected by gluten protein due 

to its impact on dough rheology (Wieser, 2007). Furthermore, gluten can also hold the air 

produced during mechanical manipulation or by the addition of leavening agents (Hsi-

Mei & Tze-Ching, 2005).   The amount of protein and type of flour used may play a 

significant role in the quality of bread.  Flour strength was directly proportional to protein 

and loaf volume and indirectly to crumb density but it had no significant effect on gas 
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cells quantity including wall thickness and mean area, which affected crumb grain.   

Crumb grain uniformity was higher in bread made of the strongest flour, which can be 

associated with gluten’s ability to enlarge further and retain gas cells from enlarging 

further (Zghal, Scanlon, & Sapirstein, 2001).    This observation was contradicted by 

Ponte et al (1962), who showed that protein content of flour had no relationship with loaf 

volume and firmness.    In preparing cookies, the velocity at which the batter spread 

during baking increased when protein content in flour declined, which was strongly 

correlated to the cookie breadth (Doescher, Hoseney, Milliken, & and Rubenthaler, 

1987).    Flour, which was not freshly milled and subjected to heat is preferred in making 

cakes because batter viscosity is increased.  Cakes made from viscous batter will have 

higher volume due to entrapment of air bubbles (Sahin, 2008).    

Fats added to muffins improve flavor, texture, and degree of softness.   It can also  

retain gas, which aids in acquiring appropriate volume and weight in cakes (Graff, 1928).   

Furthermore, gluten development is restrained when the amount of fat is increased 

promoting tenderness in baked products.  Biscuit dough softness and crumbliness 

increased dramatically when fat content was elevated from 15 to 25%, which can be 

attributed to its effect on dough viscosity (Maache-Rezzoug, Bouvier, Allaf, & Patras, 

1998).  Increasing fats in cookies impeded gluten activities, which significantly reduced 

dough hardness and elasticity, and thickness but increased the diameter (Pareyt, Brijs, & 

Delcour, 2010).  The type of bakery product and how fats perform during the baking 

process determine the amount and type of fats needed (Graff, 1928; Hsi-Mei & Tze-

Ching, 2005).  Modification of the fat levels and type used is done to make the product 

healthy and more appealing to consumers (Cross, 2005).  The addition of fats with high 
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amounts of monounsaturated fatty acids (MUFA) or polyunsaturated fatty acids (PUFA) 

meets this demand due to their role in reducing the risk of chronic diseases.  However, 

the structure of fats may affect the aroma and flavor of baked products due to oxidation.  

The presence of trans and unsaturated fatty acids in shortenings used encouraged 

peroxidation in cookies which was hastened by the presence of oat flakes and storage 

(Zbikowska & Rutkowska, 2011).   Majority of the volatile compounds formed in sponge 

cakes were through the oxidation of fats, mostly of the unsaturated type.  Volatile 

compounds formed emitted undesirable aroma including fatty sour odor and rancid sour 

odor. Presence of lipoxygenase in raw ingredients like flour and procedures done prior to 

baking can exacerbate oxidation (Maire, Rega, Cuvelier, Soto, & Giampaoli, 2013).    

According to Cross (2005), freshly baked muffins should meet certain 

characteristics to be appealing to consumers.  The shape should be proportional with a 

rounded top golden brown surface.  Crumb grain color has to be creamy light yellow but 

it may change due to ingredients used or added. Crumb grain shall be made of uniformly 

sized gas cells with thick walls and without tunnels.   When consumed, it should be soft, 

moist, light and not compact, and moderately friable. It has to exude acceptable 

sweetness without the trace of bitterness or sourness in both flavor/taste and aroma. 

2.3  Effects of Flaxseed Addition on Sensory Properties of Food Products  

 Substitution of flour and modifying its level has been done in various cereal-based 

products to improve the nutritional quality.  Flaxseed has been utilized in this purpose 

owing to its active components which are beneficial to health.  The addition of flaxseed 

affects sensory attributes of food products and varies according to the level used.  
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Therefore, measuring the impact of flaxseed on the development or enhancement of 

specific sensory attributes intensities recognized in a food product is necessary.   

A descriptive analysis method is conducted to measure the intensity rating of each 

sensory descriptor identified in food product using scales by trained panelists.  This aids 

in determining differences between each product according to the treatment or variations 

applied (Meilgaard, Civille, & and Carr, 1999).  Acceptability of a food product is better 

understood when the causative variables are realized through detection and description of 

sensory attributes (Murray, Delahunty, & Baxter, 2001).    

2.3.1  Aroma 

 Incorporation of 30g (22%) milled flaxseed into the bagel formulation intensified 

the presence of grain/flax aroma and reduced yeasty aroma intensity as compared to the 

sample without flax.  This indicated that flax can lessen the odor emitted by yeast, a 

characteristic common in bagels.  Aroma associated with different flavorings used 

including sunflower seeds, cinnamon, and raisins was not affected by the addition of 

flaxseed (Aliani, Ryland, & Pierce, 2012).   Grain/flax aroma was significantly noticeable 

and both sweet and vanilla aroma intensities were lessened when 30g (17%) of milled 

flaxseed was added to the muffin formulation (Aliani, Ryland, & Pierce, 2011).   

Flaxseed smell intensity was significantly highlighted while cheese smell diminished 

when the level of ground flaxseed was increased from 5g (5%) to 10g (9%) in cheese 

rolls (Costa, Barauna, Bertin, & and Tavares, 2012).   The percentage of flaxseed was 

based on the total weight of all ingredients used.   
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2.3.2  Flavor/Taste 

 The addition of flaxseed to food products can enhance flavor or taste distinctive to 

flax and can also affect other flavor associated with the ingredients used.  A significant 

elevation of grain/flax flavor was observed in muffins and bagels when 30g (16.4% to 

22.54%) flaxseed was added (Aliani et al., 2011; 2012).    

In bagels, bitterness was markedly increased with a reduction in yeasty and 

cinnamon flavor as well as sweetness (Aliani et al., 2012).  A similar result was shown by 

Aliani et al (2011) when sweet and vanilla flavor declined while bitterness was enhanced 

in muffins when flaxseed was added.    When a lower percentage (5%) of defatted non-

fermented flaxseed flour was used in bread, sweetness was not affected but acid taste was 

significantly elevated (Bartkiene, Juodeikiene, & Vidmantiene, 2012).   Similar 

observations were shown by Costa et al (2012), both flaxseed and sour flavor intensified 

significantly when flaxseed level was incremented in cheese roll while salty taste became 

discernible only when flaxseed reached 9% of the total ingredients used.   

The presence of foreign/bland flavor was augmented in cookies after adding and 

increasing the concentration of flaxseed from 5% to 20% (Rajiv, Indrani, Prabhasankar, 

& Rao, 2012).  The natural flavor of a bagel/pretzel type bakery product was reduced 

significantly when flaxseed level was increased to 10% and 15% (Alpaslan & Hayta, 

2006). 

 2.3.3  Color 

 The intensity of brown color in cookies elevated significantly as flaxseed 

concentration was increased from 5 to 20% of wheat flour (Rajiv et al., 2012).  Similar 
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findings were demonstrated by Alpaslan and Hayta (2006),  darkening of the crust color 

of  bagel/pretzel type product was apparent when wheat flour was replaced with 15% 

flaxseed although there were no significant changes with 5 to 10% replacement.   

2.3.4  Texture and Mouthfeel 

   Bread crust softened as flaxseed level was increased to 15% and exuded an 

unacceptable or rough mouthfeel (Alpaslan & Hayta, 2006).  In contrast, rigidness in 

cookies augmented when flaxseed level was increased from 10 to 20% but similar rugged 

mouthfeel was also shown (Rajiv et al., 2012).  Costa et al (2012), illustrated that 

crispness of cheese roll crust remained unchanged even when 9% flaxseed was added. 

2.4  Effects of Flaxseed Addition on Physical and Chemical Properties of Food Products  

Properties of flax can affect the physicochemical properties of foods including 

color, texture, pH, ALA, SDG, and dietary fiber concentrations.    Color, measured 

instrumentally, is one of the possible ways to determine food quality and acceptability.  

Food has distinctive color, which may be vital for its appropriate identification (Diehl & 

Socaciu, 2008).  It is perceived and interpreted by the human brain depending on the 

signals mediated by the eyes.  Accuracy of the outcome is affected by the information 

received (Francis, 2005).  Due to the limitations of both human visual and cognitive 

perception, instruments play a vital role in achieving a more precise color assessment 

results.   By eliminating human error, the procedure can be repeated with a reliable and 

definite output.  Hunter Lab colorimetry system measures the color in three aspects, in 

which “L” is lightness and ranges from 0 as black to 100 as white.  The other two are “a” 
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which depicts redness (+a) to greenness (-a), and “b” for yellowness (+b) to blueness (-b) 

(Diehl & Socaciu, 2008).    

Texture plays a vital role together with other sensory properties in influencing 

acceptability of bakery products (Bourne, 2002b).  Terminologies which are appropriate 

in describing texture in foods were developed and gave rise to texture profile analysis 

(TPA).  These descriptors cover both the physical and sensory measurements 

(Szczesniak, 2002), which are vital in assessing the impact of texture in modifying 

ingredients to improve attributes or nutrition quality.  Empirical method is a physical 

measurement of texture, which is widely used in foods due to its simplicity and 

affordability (Bourne, 2002a).    The opposing force exerted by the sample to either a 

plunger or a ball that presses it down is measured using a compressor (Szczesniak, 1963).    

Limitations of instruments and human beings as assessor of texture are apparent 

(Szczesniak, 2002), which make it sensible to determine the relationship between 

mechanical and sensory evaluation results.    

pH has various roles in food preparations including food safety and preservation, 

leavening of bakery products, enzymatic reactions, and food component activities.   pH 

values affect the growth of microorganisms and survival of enzymes.  Most 

microorganisms are inhibited and restrained at a pH value of about 4.2 but there are 

microorganisms that can still survive even at pH values lower than this.  An enzyme like 

lipoxygenase is suppressed at a pH value of 3.0 or lower.  This enzyme promotes lipid 

oxidation in foods, which resulted in undesirable effects including the development of an 

objectionable aroma (Rahman, 2007).   pH together with temperature, time and cooking 
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procedures can affect color intensities and texture in foods (Andres-Bello, Barreto-

Palacios, Garcia-Segovia, Mir-Bel, & Martinez-Monzo, 2013).   pH is measured by 

electrochemical methods including pH meter, glass membrane electrode, and reference 

electrode or non-electrochemical methods such as indicator paper and dyes (Sheppard & 

Guiseppi-Elie, 1999). 

ALA, SDG and dietary fiber are beneficial to health and found in good amounts 

in flaxseed.  Fortification of foods with flaxseed will elevate the concentrations of these 

compounds, which can be measured using various methods.  Extraction of fatty acids 

from foods is the initial step before identification can proceed.  Organic solvents like 

methanol and chloroform are needed to properly dissolve triglycerides.  Due to the 

hydrophilic nature of methanol, chloroform can efficiently isolate fatty acids (Ackman, 

2007).  Fatty acids are commonly analyzed by gas chromatography (GC) for 

straightforward recognition and quantity determination.   A sample has to be volatile at 

3500C to 4000C or lower, and thermally stable to be properly analyzed by GC (Hajslova 

& Cajka, 2008). 

After extraction of lignans, hydrolysis can be implemented either by the 

application of enzyme or chemicals.  Various techniques can be done on the separation 

and identification of SDG including gas chromatography-mass spectrometry (GC-MS) or 

high-performance liquid chromatography (HPLC) (Sicilia, Niemeyer, Honig, & Metzler, 

2003).    High performance thin liquid chromatography (HPTLC) –densitometry can also 

be executed in distinguishing SDG with veracity and with reduced processing time 

required (Coran, Giannellini, & Bambagiotti-Alberti, 2004).    
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2.4.1  Physical Properties 

2.4.1.1  Color 

 Color changes in food products are apparent when flaxseed is incorporated into 

the food formulations as demonstrated in various studies.  Darkening was significantly 

enhanced when flaxseed level was elevated from 2 to 25% as indicated by a reduction in 

the “L” values and demonstrated by Mridula et al (2011) in energy bars; by Khouryieh 

and Aramouni (2012; 2013) in cookies and cereal bars; by Marpalle  et al (2014);  Mentes 

et al (2008); and by Koca and Anil (2007) in the dough color as well as the crust and 

crumb color of bread; by Ahmed (1999) in corn-based snack; and, by Shearer and Davies 

(2005) in whole-wheat muffins.   A contradicting result was shown by Alpaslan and 

Hayta (2006) in which the crust color of the bagel/pretzel snack when measured 

instrumentally, lightened significantly when flaxseed was added and the level was 

increased.  However, when the bagel/pretzel snack was evaluated on its sensory property 

by trained panels, the crust color darkened when flaxseed level was increased to 15%.  

This manifested the need for varied methods in confirming results from assessing food 

attributes.   

 Diverse outcome was exhibited on the effects of flaxseed addition on redness and 

yellowness as represented by “a” and “b” values.  Redness in bread crust diminished 

significantly and intensified in bread crumb while yellowness was reduced in both the 

crust and crumb (Koca & Anil, 2007; Marpalle et al., 2014; Menteş et al., 2008).  This 

finding was opposed by Alpaslan and Hayta (2006) when they had shown that redness in 

bread crust and yellowness in bread crumb were not significantly affected.  In other 
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bakery or snack products including muffins, cookies, and cereal bars, redness was 

elevated (Ahmed, 1999; Khouryieh & Aramouni, 2012; Khouryieh & Aramouni, 2013; 

Shearer & Davies, 2005).  A similar effect was observed on yellowness, which was also 

minimized (Ahmed, 1999; Chetana & Sunkireddy, 2011; Khouryieh & Aramouni, 2013; 

Shearer & Davies, 2005) or increased (Khouryieh & Aramouni, 2012) .   

2.4.1.2  Texture 

 Flaxseed addition can influence texture parameters including hardness, 

cohesiveness, and springiness in cereal based foods.  Flaxseed can reduce hardness or 

firmness in foods as shown by the curtailed resistance force, which can be associated 

with its mucilage, protein and fat content (Chetana, Sudha, Begum, & and Ramasarma, 

2010; Khouryieh & Aramouni, 2012; Marpalle et al., 2014; Mridula et al., 2011).   This 

was opposed by Alpaslan and Hayta (2006); Ganorkar and Jain (2014); and, Shearer and 

Davies (2005), when they demonstrated that flaxseed initially stiffened bakery products 

and softening only occurred when the level was increased to 20%.  However, increasing 

flaxseed level as high as 18% and 20% can still harden cookies by increasing the force 

needed to break these foods (Ahmed, 1999; Khouryieh & Aramouni, 2012; Rajiv et al., 

2012).  Incorporation of flaxseed did not affect hardness significantly in bread and cereal 

bars even when the level was increased to 20% (Bartkiene et al., 2012; Chetana & 

Sunkireddy, 2011; Khouryieh & Aramouni, 2013).    

2.4.1.3  pH 

 The mean pH value of flaxseed has been reported as 6.69 (Costa et al., 2012) and 

its addition to bakery products did not significantly alter the pH level even when the level 
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of flaxseed was increased to 40%.  pH values were maintained in muffin batter between 

6.35 and 6.43 (Chetana et al., 2010); and, between 6.80 and 6.83 (Shearer & Davies, 

2005); and, in baked cheese rolls, between 6.05 and 6.43 (Costa et al., 2012). 

2.4.2  Chemical Properties 

2.4.2.1  ALA Concentrations 

Among the primary fatty acids detected in flaxseed, ALA is found in largest 

amounts (33.14% to 54.82%) and its level is affected by the flax variety and oil content.  

The presence of ALA can significantly influence the levels of other inherent fatty acids 

including linoleic acid, oleic acid, and palmitic acid (Pali & Mehta, 2014).  Being a good 

source of ALA, introduction of flaxseed and increasing its level did significantly increase 

ALA concentration in various cereal-based food products, and snack foods (Chetana & 

Sunkireddy, 2011; Ganorkar & Jain, 2014; Menteş et al., 2008; Mridula et al., 2011; 

Pohjanheimo, Hakala, Tahvonen, Salminen, & Kallio, 2006; Yuksel, Karaman, & 

Kayacier, 2014).  Fortification of food products with flaxseed can assist in meeting the AI 

for ALA in adults, as shown by Moraes, et al (2010).  Consumption of 80g cake with 5% 

to 45% flaxseed flour can increase ALA intake for men and women from 22.5% and 

32.4% of the AI to 189.5% and 275.6% respectively.  However, processing done on 

flaxseed and on flaxseed-fortified food products can influence ALA levels.   When 

partially defatted flaxseed flour was used instead of the regular flaxseed flour in making 

unleavened flat bread and pan bread, ALA concentration declined by 82% to 86% 

(Hussain, Anjum, Butt, Alamri, & Shabbir, 2012); and by 4.6% when roasted flaxseed 
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flour was used in making muffins (Chetana et al., 2010).  Boiling of pasta with flaxseed 

flour significantly reduced the level of ALA (Villeneuve et al., 2013).    

2.4.2.2  SDG Concentrations 

 Different lignans are found in flaxseed but secoisolariciresinol is the dominant 

type (Sicilia et al., 2003) and the addition of flaxseed definitely increased SDG in food 

products (Hall, Manthey, Lee, & Niehaus, 2005; Muir & Westcott, 2000).      The use of 

ground flaxseed hull can dramatically increase SDG level as compared to ground whole 

flaxseed (Hall et al., 2005).   Since SDG is not found in free form in flaxseed (Muir & 

Westcott, 2000), the efficiency of the extraction method applied is crucial in determining 

the accuracy and precision of values obtained.   Muir and Westcott (2000) had 

demonstrated that SDG recovery from various flax-fortified bakery products could be 

affected by different factors including particle size but not by temperature and the added 

food ingredients.   In baking, the outer portion of products was further exposed to higher 

temperature as compared to the interior part although a uniform temperature degree was 

used.  This operation had no significant effect on the SDG level extracted since a constant 

SDG value was obtained from different sections of the breads containing flaxseed (Muir 

& Westcott, 2000), but SDG level was marginally reduced in flaxseed-fortified macaroni 

when the temperature level in drying the pasta was increased from 400C to 700C and 

slightly increased when temperature changes from 700C to 900C (Hall et al., 2005).  

Changing the particle size of flaxseed by grinding significantly improved SDG extraction 

while the presence of other ingredients in food products, especially protein sources and 

the amount of flax added had no significant effect on SDG recovery.  Recovery rate in 
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food products declined significantly when flaxseed was added instead of pure SDG (Muir 

& Westcott, 2000).     

2.5  Effects of Storage on Sensory Properties, Physical and Chemical Properties of 

Flaxseed-Fortified Food Products  

 Storage of bakery products can lead to staling which affects crumb and crust 

firmness or texture.  Staling can be attributed to retrogradation of starch granules and 

water movement within the food structure during storage.  Hardening of the crumb can be 

expedited by refrigerator temperature and can be restricted by freezing (Hsi-Mei & Tze-

Ching, 2005).   Susceptibility to staling can be influenced by moisture level, which is 

attributed to promoting water shift.  Dryness due to water migration is higher in bakery 

products with higher liquid content than those with lower moisture content (Smith, 

Daifas, El-Khoury, Koukoutsis, & El-Khoury, 2004).   

 Another detrimental effect of storage on bakery product is rancidity that is due to 

lipid deterioration that promotes formation of unacceptable aroma and flavor.  Bakery 

products with high fat content are more susceptible to this type of chemical alteration.  

Occurrence of oxygen, enzymes and water can promote rancidity (Smith et al., 2004). 

2.5.1  Sensory Properties 

 Flaxseed can promote significant changes on the color of both the crust and 

crumb of breads.  Darkening of the crust color had diminished significantly when 15% 

flaxseed meal was added but produced an opposite reaction in the crumb color in breads 

stored for 8 weeks (Conforti & Davis, 2006).    
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Due to the susceptibility of fatty acids in flaxseed to rancidity, formation of off-

flavor or off-odor in foods can be stimulated by storage duration.  The addition of either 

5% whole and 3% ground flaxseed or 13% flax oil and 1% ground flaxseed in rolls 

produced a rancid odor but its intensity did not alter significantly after a 6-day storage 

period even in rolls with higher level of flax oil.   Musty bread odor and old bread flavor 

intensities were increased in both types of rolls at the end of 6-day storage (Pohjanheimo 

et al., 2006).   However, temperature levels in storing the breads and rolls were not 

indicated which may contribute to the results obtained.  Rajiv et al (2012) showed on 

elevated formation of peroxides in cookies with 15% roasted ground flaxseed stored for 

90 days at ambient temperature levels between 260C and 280C.    

The negative impact of storage can be minimized by flaxseed due to its ability to 

retain moisture and promotes softness which can be associated with its dietary fiber 

content as demonstrated in the study of Pohjanheimo et al (2006).  Storage reduced 

softness significantly in rolls with or without flaxseed and flax oil but its retention in rolls 

with 5% whole flaxseed was comparable to the rolls without flaxseed or flax oil.  Results 

had shown that softness and springiness were maintained better in rolls with 5% whole 

flaxseed than in rolls with 13% flax oil after a 6-day storage period at room temperature.  

2.5.2  Physical Properties 

Addition of flaxseed in bakery products aid in curtailing the negative influence of 

storage on texture by decreasing the compression force, and by retaining moisture.  

Flaxseed can either make the food products better than the control (Chetana et al., 2010), 

or of almost equal intensity in terms of softness depending on the type of flaxseed used.  



 
 
 
 

24 
 

Rajiv et al (2012) illustrated that roasted ground flaxseed can preserve moistness in 

cookies after a 90-day storage, which was comparable to cookies without flaxseed.  On 

the other hand, a reduction in brittleness was more notable in flaxseed-fortified cookies 

than in the control.   Similar results were exhibited by Conforti and Davis (2006) on the 

capability of flaxseed in maintaining moistness in breads stored for 8 weeks.  However, a 

reduction on bread volume was also revealed.  These results were contradicted by Shearer 

and Davies (2005) when they demonstrated that firmness can be greatly enhanced and 

moistness in muffins can decline significantly after a 5-day storage period even when 5g 

of flaxseed meal was blended.  Another study by Conforti and Davis (2006) showed a 

similar result in which there was a significant increase in crumb hardness when 15% of 

flaxseed meal was added to bread and stored for 8 weeks.  Shearer and Davies (2005) 

showed that firmness elevation can be slightly reduced and moistness can be marginally 

retained if 2g flaxseed meal is used.   It was also shown that storage at room temperature 

can significantly diminish elasticity in muffins with or without flaxseed meal.  

  Measuring the impact of flaxseed on physical properties and correlating the 

results with sensory evaluation outcome will promote precision and reliability of the 

objective method used (Scheuer, Di Luccio, Zibetti, de Miranda, & de Francisco, 2015). 

When hardness was measured instrumentally, results were negatively correlated with 

sensory attribute intensities including softness, moisture content, and springiness in rolls 

when whole flaxseed and flax oil were added (Pohjanheimo et al., 2006).   This indicated 

a negative correlation between hardness measured by an instrument and softness assessed 

by sensory evaluation.   
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pH level is another physical measurement on foods, which can be affected by 

storage.  The level marginally increased from 6.11 to 6.21 in pasta with ground flaxseed 

stored for 7 weeks at 40C (Manthey, Sinha, Wolf-Hall, & Hall, 2008).  

2.5.3  Chemical Properties 

 Due to the chemical components of flaxseed including ALA and SDG, it is added 

to cereal-based food products to increase functionality.   Stability of these elements 

during storage is imperative in associating flaxseed with promoting health.   

Due to ALA content, flaxseed becomes vulnerable to oxidation, which can be 

enhanced by heating and storage. Oxidation rate in flaxseed is influenced by the type of 

flaxseed and by the particle size if ground flaxseed is used.  Ground flaxseed with large 

and small particle size, and flaxseed oil were more vulnerable to oxidation than the 

medium particle-sized ground flaxseed and the whole flaxseed.  This was further 

supported by ALA reduction in oxidation in ground flaxseed and flaxseed oil but not in 

whole flaxseed (Chen, Ratnayake, & Cunnane, 1994).    A similar result was shown by 

White et al (1999) ALA level remained constant in various whole flaxseed varieties after 

a 6-month storage at 200C. 

When flaxseed is incorporated to foods, diverse results were revealed on the 

effects of processing and storage on ALA concentration.  Baking can marginally increase 

ALA level in breads with 27% partially defatted flaxseed flour (Simbalista, Frota, Soares, 

& Arêas, 2012), and can escalate oxidation rate without altering ALA level in flaxseed-

fortified muffins baked for 2 hours at 1780C (Chen et al., 1994).  ALA level remained 

constant in cereal-based snacks subjected to cold preparation when stored for 30 days at 
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250C but started to decline significantly afterwards and within the remaining 60 days of 

storage (Mridula et al., 2011).  Similar results were shown on food products exposed to 

high temperatures.  ALA level remained stable within 1 week (Simbalista et al., 2012); 

and, within 32 weeks (Hall et al., 2005) of storage at 23-300C of different starchy food 

products.   A minimal reduction of ALA level can start to materialize in cookies at 60 

days of storage (Rajiv et al., 2012). 

 Another bioactive compound which can be affected by processing and 

storage is SDG.  The level of SDG increased marginally after baking and accelerated by 

26% when stored at -250C for 2 months if added in the pure form to buns.  When SDG 

was incorporated through 10% ground flaxseed, its level decreased after baking and 

remained stable after 2 month of storage at -250C.  In muffins, although pure SDG was 

incorporated, a marginal decrease was observed after a 2 month storage at freezing 

temperature (Hyvärinen et al., 2006).   Changes in SDG level was also observed in breads 

with 27% partially defatted ground flaxseed when a constant significant reduction was 

perceived after dough fermentation and baking (Simbalista et al., 2012).  Thirty-two 

week storage at ambient temperature had no significant effect on SDG level of macaroni 

with 10% to 20% ground whole flaxseed, ground steamed whole, and ground hull 

flaxseed (Hall et al., 2005). 

2.6  Effects of the Addition of Flaxseed and Flavorings, and Storage on Acceptability of 

Foods  

 Consumer acceptability testing measures the degree of liking or preference of 

products using different methods including hedonic scale and paired comparison (Stone 
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& Sidel, 2004a).  The 9-point hedonic scale is commonly implemented, which involves 

nine descriptive categories with numerical counterparts (Nicolas, Marquilly, & 

O’Mahony, 2010).   Evaluation is conducted by untrained consumers in a designated 

place or a laboratory under restrained conditions (Zeng, Ruan, & Koehl, 2008).  The 

number of participants may vary depending on the type of acceptance test implemented, 

which may be as low as 25 or higher than 100 (Stone & Sidel, 2004a).     

 Acceptability of food products can be influenced by several variables like 

incorporating food ingredients, processing and techniques vital in finishing a product.  

Modification of formulations and procedures may affect each sensory attribute, which 

contributes to the overall acceptability of foods.  

2.6.1  Addition of Flaxseed 

 When flaxseed is integrated in a food formulation, its inherent characteristics 

including physical attributes and chemical composition may alter the quality of food 

products.  Overall acceptability and acceptability of each sensory attribute varied 

according to the level of flaxseed added.  Texture, flavor and taste acceptability, and 

overall acceptability of energy bar were improved by the addition of 5% ground flaxseed 

but declined significantly when the level was increased to 20% (Mridula et al., 2011).   

Similar results were exhibited by Costa et al (2012) that a low level of 2.4% contributed 

to the modest preference of cheese rolls.  Khouryieh and Aramouni (2012) had shown 

that overall acceptability and acceptability of all sensory attributes including appearance, 

color, flavor, and texture were not significantly affected when 6% ground flaxseed was 

incorporated in cookies but started to decline when the level was increased to 12% and 
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18%.  Chetana et al (2010) revealed that acceptability of the crust and crumb color, 

texture, and taste declined significantly when the level was increased to 20% but the total 

quality of muffins was not affected.  Aliani et al (2012) had demonstrated that when 22% 

ground flaxseed was added to bagels, flavor acceptability and overall acceptability were 

reduced but acceptability of appearance, color, and texture was not affected.  These 

results were contradicted by various studies.  Bartkiene et al (2012) had shown that even 

as low as 5% replacement of wheat flour with flaxseed flour, overall acceptability of 

breads decreased significantly.  However, Alpers and Sawyer-Morse (1996) revealed that 

acceptability of all attributes including color, tenderness, texture, flavor, and shape, and 

overall acceptability of muffins and cookies could be enhanced even when the ground 

flaxseed was increased to 30% and 50%.  This was associated with the darkening effect 

of flaxseed, which promoted the fiber-rich concept in muffins and assisted in augmenting 

acceptability.    

The acceptable level of flaxseed that can be added to foods ranges between 11% 

and 12%.   Muffins and cereal bars with 11.6% and 12% ground flaxseed were preferred 

over samples with 6-7.3% and 15.5-18% due to appropriate color, sweetness and texture, 

and exudes nutty odor and flavor.  Compared to the control, the overall acceptability of 

cereal bars with 12% flaxseed was not significantly different while the overall 

acceptability of muffins with 11.6% flaxseed was significantly reduced.   Overall 

acceptability of the cereal bars and muffins with and without flaxseed was markedly 

influenced by flavor (Khouryieh & Aramouni, 2013; Ramcharitar, Badrie, Mattfeldt-

Beman, Matsuo, & Ridley, 2005).       
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 Regardless of the levels, preferred consumption frequency of food products 

declined when flaxseed was added.  The addition of 11.6% flaxseed in muffins and 23% 

of flaxseed in bagels had significantly reduced the frequency consumption mean score 

that ranged between 4.19 and 4.9.  This indicated that flaxseed-fortified food products 

would only be intermittently consumed (Aliani et al., 2012; Ramcharitar et al., 2005).  

2.6.2  Addition of Flavorings 

Overcoming challenges due to flaxseed incorporation will increase acceptability 

of food products and may lead to enhancing its role as a vehicle in promoting health.  The 

addition of flavorings may assist in addressing this issue.   A combination of cinnamon 

powder and flavoring, and raisins can significantly ameliorate flavor acceptability of 

bagels with 23% ground flaxseed compared to a mixture of sunflower kernels and sesame 

seeds.  Although the mean overall acceptability score of bagels with cinnamon raisin was 

marginally higher than the mean score of bagels with sunflower sesame flavorings and 

without flavorings, it was not significantly different.  Incorporating flavorings did not 

significantly modify acceptability of other sensory attributes including appearance, color, 

and texture.  Preferred consumption frequency of muffins with flaxseed was also not 

significantly altered by the addition of flavorings (Aliani et al., 2012). 

2.6.3  Storage 

Flaxseed has chemical components, which may undergo chemical changes that 

may affect sensory attributes of bakery products during storage.  Alterations in these 

attributes will influence the overall acceptability of foods.   Temperature required in 

storing flaxseed-fortified products may vary according to their type and composition.   
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Stability during storage is an important consideration if food products will be 

manufactured commercially since food companies requires a shelf life of 6-9 months 

(Holstun et al., 1993).    Refrigerator temperature was more satisfactory in storing energy 

bars with 15% ground flaxseed for 90 days than room temperature.  Overall acceptability 

and acceptability of all attributes including appearance and color, texture, odor, and 

flavor and text were not significantly affected although a marginal decline was observed 

(Mridula et al., 2011).   

2.7 Acceptability of Test Products in Clinical Trial 

Foods used as a vehicle in introducing bioactive compounds to individuals as part of 

an intervention are tested in clinical trials.  The addition of a food ingredient to enhance 

the functionality of a product can alter its sensory properties, which in turn, may affect its 

acceptability.  If this happens, the possibility of using a functional food in providing 

health benefits will be reduced.   Therefore, assessing the acceptability of different test 

products used in clinical trial is important.  According to Losso et al (2009),  

acceptability of the color, firmness, texture, and flavor of bread was not affected when 

fenugreek flour replaced 9% of whole wheat flour.  Fenugreek was added to bread 

because of its role in lowering blood glucose levels but its addition may result in the 

development of a bitter taste.  Test products were evaluated at home or in the offices of 

participants who were not involved in the clinical trial.   While the study of Padhi et al 

(2015) demonstrated that the substitution of wheat flour with soy flour significantly 

enhanced the overall acceptability of muffins as well as the acceptability of appearance, 

aroma, flavor, taste, and texture.   The amount of soy flour added was based on the 
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approved health claim for soy protein in relation to coronary heart disease reduction.  

Evaluation of test products was done by the clinical trial participants.    

The desire of an individual to consume the test product as part of a daily regimen can 

be influenced by an associated health claim (Padhi et al., 2015); by its efficacy in 

addressing specific health concerns (Ried, Frank, & Stocks, 2009); and, by the amount  

needed to produce beneficial effects (Gu et al., 2014). 

2.8  Hypotheses and Objectives 

2.8.1   Hypotheses 

Based on the studies conducted on the effects of flaxseed, flavorings, and storage on 

sensory acceptability and physical and chemical properties of baked products, the 

hypotheses of this study were fivefold: 

1) Fortification of banana and cinnamon muffins with 20g and 30g milled brown 

flaxseed will negatively affect their acceptability by altering their sensory, 

physical and chemical properties. 

2) Storage of muffins for 6 months will negatively impact their acceptability 

compared to 1 month of storage at -200C by altering their sensory, physical and 

chemical properties. 

3) Flaxseed addition will incorporate ALA and SDG in muffins and flaxseed levels 

will be positively correlated with ALA and SDG concentrations. 

4) Storage of muffins in 1 month and 6 months at -200C will not significantly affect 

ALA and SDG concentrations.  
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5) Ground cinnamon flavoring will enhance acceptability of flaxseed-fortified and 

non-fortified muffins and will mask the undesirable effects of flaxseed 

fortification on muffins more than banana flavoring. 

2.8.2  Objectives 

The objectives of this study were fivefold : 

1) To evaluate the effects of milled brown flaxseed fortification (0g, 20g and 30g 

dose) and storage at -200C (1 month vs 6 months) on sensory properties using the 

following methods: a) consumer acceptability test; b) descriptive analysis; c) 

physical and chemical measurements including color, pH, and firmness in banana 

and cinnamon muffins. 

2) To compare the acceptability of banana and cinnamon muffins with milled brown 

flaxseed between consumers and clinical trial participants in relation to sensory 

attributes including color, aroma, texture, flavor/taste, and overall acceptability 

using consumer acceptability test. 

3) To examine the impact of the addition of banana and cinnamon flavorings on 

acceptability, sensory attribute intensities, and physical and chemical 

measurements of muffins with and without milled brown flaxseed. 

4) To promote acceptability of banana and cinnamon muffins with milled brown 

flaxseed by addressing the negative effects of flaxseed addition based on results 

from consumer acceptability test, descriptive analysis, and physical and chemical 

measurements results. 
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5) To evaluate the effects of milled brown flaxseed (0g, 20g, and 30g) and storage at 

-200C (1 month vs 6 months) on ALA and SDG concentrations in muffins. 

 

 

3.  Study Design 

 The study was designed to assess the effect of flaxseed addition and storage 

length on the intensities of sensory properties and concentrations of selected bioactive 

components as well as the overall acceptability of muffins with two types of flavorings.   

Banana and cinnamon muffins evaluated in this study were utilized as test products in a 

clinical trial designed to examine the cardiovascular risk reducing properties of ground 

flaxseed.   Both the test products and samples used in this study were prepared in the 

Barbara Burns Food Innovation Laboratory in the Department of Human Nutritional 

Sciences at the University of Manitoba.   Proximate analysis (calories, fats, protein, 

carbohydrates and dietary fiber) of muffins prepared with 0g, 20g, 30g milled flaxseed 

were analyzed by Central Testing Laboratory Ltd (Appendix A).   For dietary fiber 

analysis, AACC 32-50 (CODEX fiber method) was used.  The clinical trial had 3 phases 

of 1 month each.  In the clinical trial, 1 muffin was consumed each day for 4 weeks with 

a 4-8 week wash-out period between each phase.  Each participant received the 

treatments (0g, 20g, 30g flax) once in a random order.  All test products were stored at -

200C until given to participants.  Based on the study design of the trial, muffins stored for 

1 month were the most fresh while those stored for 6 months were the oldest given to 

clinical trial participants.    
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When bakery products are not consumed immediately, physical and chemical 

changes may take place which will affect sensory attributes (Smith et al., 2004), and in 

turn, will influence overall acceptability.     Muffins used as test products in the clinical 

trial and as samples in this study were fortified with flaxseed since the latter is known for 

its role as a functional food (Vaisey-Genser & Morris, 2003).   The muffins used in the 

clinical trial were not consumed fresh, so all samples were stored for 1 and 6 months to 

take into account the minimum and maximum storage duration in the trial.  Muffins were 

wrapped tightly with transparent plastic before placing in a large re-sealable bag to 

minimize oxidation during storage.    All samples were prepared prior to the actual 

sensory evaluation and physical measurements.   

Assessment of samples including consumer acceptability evaluation, descriptive 

analysis, physical and chemical measurements were conducted after 1 and 6 months of 

storage.  Acceptability of sensory attributes including color, aroma, flavor, and texture, 

and overall acceptability of samples were measured by 120 consumers and 39 clinical 

trial participants using the 9-point Hedonic scale.    Acceptability of samples by the 

preferred consumption frequency was also measured by both groups using the food action 

rating scale (FACT).  The clinical trial participants also considered influence of a health 

claim.  Trained panel members assessed the intensities of each sensory feature in all 

samples using a 15-cm line scale.  Consumer acceptability evaluation and descriptive 

analysis were conducted in the Weston Sensory Laboratory at the University of Manitoba 

while clinical trial participants acceptability evaluation was done at the Asper Clinical 

Research Institute in Winnipeg, Manitoba.    
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Physical color was measured using the Hunterlab miniscan colorimeter by 

determining L*, a*, and b* values, pH values were determined by a pH meter, and 

physical texture or firmness was measured using a texture measuring instrument.   To 

determine ALA concentration in muffins, fatty acids were extracted from the samples 

then analyzed using gas chromatography (GC).  SDG concentration was also quantified 

after its extraction from samples using high-performance liquid chromatography (HPLC).  

Data gathered from sensory evaluation, physical and chemical properties, ALA 

and SDG measurements were analyzed using analysis of variance (ANOVA). Results 

obtained from consumer and clinical trial participants acceptability evaluation were 

compared using the independent sample t-test.  Significant differences between mean 

values of consumer acceptability scales, attribute intensities, physical and chemical 

measurements, ALA and SDG levels were established by Tukey’s test with a significance 

level of P ≤ 0.05.  Partial least square (PLS) was used to show relationships between 

overall acceptability of muffins and results of sensory attributes evaluation covering 

consumer acceptability evaluation and descriptive analysis and instrumentation. 
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4.  Materials and Methods 

4.1  Sample Preparation 

4.1.1  Ingredients used 

4.1.1.1  Milled Brown Flaxseed 

 The milled brown flaxseed used in this study was the SelectGrad Brown variety 

provided by Glanbia Nutritionals, Inc. (Fitchburg, WI, USA) (Figure 4-1).  As rendered 

by Glanbia Nutritionals, it has a proximate composition per 100g of 40g total fat of which 

>50% ALA accounts for 21g, 30g total carbohydrate including 7g soluble fiber and 18g 

insoluble fiber, 20g protein and 550 calories for energy value.  Milled brown flaxseed 

received in 50 pound bags was stored at 220C.  Each 50 pound bag was subdivided into 

plastic box containers with interior aluminum foil and stored at 40C for usage ease.   

According to the Certificate of Analysis, it has a shelf-life of two years.         
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Figure 4-1  Milled brown flaxseed (SelectGrad Brown, Glanbia Nutritionals) 

Photograph by @ Amalia B. Santiago 

 

4.1.1.2  Other Ingredients Used 

 Whole wheat flour, white flour, brown sugar, instant skim milk powder, 

cinnamon, nutmeg, salt, baking soda, sunflower oil, skim milk, vanilla, bananas and eggs 

were all purchased from retail grocery stores of the Superstore chain.  Specifications 

including the brand name, manufacturer, and manufacturing site are listed in Table 4-1. 

4.1.2  Preparation Procedures of Samples 

Muffins with two types of flavorings, namely banana and cinnamon, were 

prepared with 0% (0g milled flaxseed), 17.29% (banana muffin with 20g flaxseed) and 

20.14% (cinnamon muffin with 20g flaxseed), 26.16% (banana muffin with 30g flaxseed) 

and 30.52% (cinnamon muffin with 30g flaxseed) milled brown flaxseed (SelectGrad 
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Brown provided by Glanbia Nutritionals) based on the formulation given in Table 4-1 .  

Percentages of flaxseeds indicated in the formulation were based on the total weight of 

ingredients used before baking.  The muffins were designed to match in total energy and 

macronutrients.  Because flaxseed is higher in fat, protein and fiber as compared to whole 

wheat flour, some adjustments were done to the recipes.  Sunflower oil was added in 0g 

and 20g flaxseed-fortified muffins to provide similar concentration of fat as compared to 

the 30g flaxseed-fortified muffins, as it has essential role on ALA content since it is high 

in linoleic acid and oleic acid.  Skim milk powder was also added to balance the protein 

levels.  The addition of flour maintained the carbohydrate levels in all formulations.  

White flour substituted whole wheat flour in the 30g flaxseed-fortified muffins to avoid 

additional fiber.   

All ingredients were weighed, placed and mixed in two separate stainless steel 

bowls (size 13 qt approx. 13 L).   Milled brown flaxseed, whole wheat flour or white 

flour, brown sugar, skim milk powder, salt, baking soda, and cinnamon were placed and 

mixed in a stainless steel bowl while sunflower oil, skim milk, egg white, water and 

vanilla were put and blended in another stainless bowl.  Liquid ingredients were added to 

the dry ingredients and mixed thoroughly using a rubber spatula for 1 to 2 minutes until 

no lumps were visible.  For banana muffins, pureed banana was added for flavor, while 

nutmeg was added to cinnamon muffins to enhance the effect of cinnamon. Total weight 

of the batter before baking was divided equally into 18, then, poured or scooped into 

muffin pans (Baker’s Secret, Texas Muffin, 9.2x4 cm, premium non-stick, made in 

China, distributed for World Kitchen, LLC, Rosemont, USA) with 6 cups each.  Baking 

was done in a pre-heated conventional residential oven (Frigidaire Electric Range, ES510 
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Control, Electrolux Canada Corp., Mississauga, ON) for 20 minutes at 3500F.   Doneness 

was confirmed when a toothpick inserted in the center of the muffin came out clean.  

Pans with baked muffins were placed on a rack and covered with wax paper to cool to 

55-650C for 15 minutes.  Muffins were removed from the pans using a rubber spatula 

transferred to a rack covered with wax paper and allowed to cool down for another 30 

minutes, until they reached room temperature.   Figures 4-2 to 4-5 illustrates the different 

muffins of various formulations.  Each muffin was wrapped in transparent plastic and 

packed a maximum of 9 muffins in a heavy duty large size freezer Ziploc bag (26.8 x 

27.3 cm) labeled with the date of preparation, variety of muffin produced, and amount of 

flaxseed added.  All packed muffins were stored for one month or 6 months in a 17.8 cu 

ft upright freezer (Danby Manual Defrost, Danby Products Limited, ON, Canada) at -

200C.   Sensory evaluation and physical assessment of flaxseed-fortified muffins and 

chemical analysis on ALA and SDG were done after each specified storage duration.  
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Figure 4-2  Cinnamon muffins without  flaxseed 

Photograph by @ Amalia B. Santiago 

 

 

 

 Figure 4-3  Cinnamon muffins with flaxseed 

Photograph by @ Amalia B. Santiago 
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Figure 4-4  Banana muffins without  flaxseed 

Photograph by @ Amalia B. Santiago 

 

 

Figure 4-5  Banana muffins with flaxseed 

Photograph by @ Amalia B. Santiago 
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Table 4-1 

Formulation for each cinnamon and banana muffin with and without milled brown 

flaxseed - g (% of total ingredients) 

Ingredients Cinnamon Muffins Banana Muffins 

 
0g 

Flaxseed 

20g 

Flaxseed 

30g 

Flaxseed 

0g 

Flaxseed 

20g 

Flaxseed 

30g 

Flaxseed 

Milled 

brown        

flaxseeda 

0.0g  

(0.0%) 

20.00g  

(20.14%) 

30.00g  

(30.52%) 

0.0g  

(0.0%) 

20.00g  

(17.29%) 

30.00g  

(26.16%) 

Whole 

wheat 

flourb 

25.00g  

(25.17%) 

23.00g  

(23.16%) 

0.0g  

(0.0%) 

25.00g  

(21.61%) 

23.00g  

(19.88%) 

0.0g  

(0.0%) 

White 

flourc 

0.0g  

(0.0%) 

0.0g  

(0.0%) 

17.00g  

(17.29%) 

0.0g  

(0.0%) 

0.0g  

(0.0%) 

17.00g  

(14.83%) 

Brown 

sugard 

10.00g  

(10.07%) 

12.00g  

(12.08%) 

13.00g  

(13.22%) 

7.00g  

(6.05%) 

9.00g  

(7.78%) 

10.00g  

(8.72%) 

Skim milk 

powder, 

instante 

12.0g  

(12.08%) 

2.00g  

(2.01%) 

0.0g  

(0.0%) 

12.00g  

(10.37%) 

2.00g  

(1.73%) 

0.0g  

(0.0%) 

Saltf 
0.57g  

(0.57%) 

0.57g  

(0.57%) 

0.57g  

(0.58%) 

0.57g  

(0.49%) 

0.57g  

(0.49%) 

0.57g  

(0.50%) 

Baking 

Sodag 

0.50g  

(0.50%) 

0.50g  

(0.50%) 

0.50g  

(0.51%) 

0.50g  

(0.43%) 

0.50g  

(0.43%) 

0.50g  

(0.44%) 

Cinnamonh 
0.67g  

(0.67%) 

0.67g  

(0.67%) 

0.67g  

(0.68%) 

0.50g  

(0.43%) 

0.50g  

(0.43%) 

0.50g  

(0.44%) 

Nutmegi 
0.07g  

(0.07%) 

0.07g  

(0.07%) 

0.07g  

(0.07%) 

0.0g  

(0.0%) 

0.0g  

(0.0%) 

0.0g  

(0.0%) 

Sunflower 

oilj 

14.00g  

(14.10%) 

4.00g  

(4.03%) 

0.0g  

(0.0%) 

14.00g  

(12.10%) 

4.00g  

(43.46%) 

0.0g  

(0.0%) 

Skim milkk 
20.00g  

(20.14%) 

20.00g  

(20.14%) 

20.00g  

(20.34%) 

20.00g  

(17.29%) 

20.00g  

(17.29%) 

20.00g  

(17.44%) 

Egg whitel 
9.00g 

(9.06%) 

9.00g 

(9.06%) 

9.00g 

(9.15%) 

9.00g 

(7.78%) 

9.00g 

(7.78%) 

9.00g 

(7.85%) 

Water 
6.67g  

(6.72%) 

6.67g  

(6.72%) 

6.67g  

(6.78%) 

6.67g  

(5.77%) 

6.67g  

(5.77%) 

6.67g  

(5.82%) 

Vanillam 
0.83g  

(0.84%) 

0.83g  

(0.84%) 

0.83g  

(0.84%) 

0.43g  

(0.37%) 

0.43g  

(0.37%) 

0.43g  

(0.37%) 

Bananan 
0.0g  

(0.0%) 

0.0g  

(0.0%) 

0.0g  

(0.0%) 

20.00g  

(17.29%) 

20.00g  

(17.29%) 

20.00g  

(17.44%) 

Total 

Weight 
99.31g 99.31g 98.31g 115.67g 115.67g 114.67g 
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a SelectGrad Brown variety, Glanbia Nutritionals, Inc. WI, USA 
b No name,Loblaws Inc., Ontario, Canada 
c No name, enriched and pre-sifted, Loblaws Inc., Ontario, Canada 
d Rogers, refined, Lantic Inc., Quebec, Canada 
e No name, Vitamins A & D added, Pasteurized, Loblaws Inc., Ontario, Canada 
f  Windsor, iodized table salt, The Canadian Salt Company Limited, Quebec, Canada 
g Arm & Hammer, pure, Church & Dwight Co., Inc., USA 
h No name, ground, Loblaws Inc., Ontario, Canada 
I No name, ground, Loblaws Inc., Ontario, Canada 
j No name, 100% pure, mid-oleic, Product of USA, Loblaws Inc., Ontario, Canada 
k Beatrice, Liquid, 0% M.F., fat free, vitamins A & D added, Parmalat Canada, Ontario, Canada 
l Burnbrae Farms Ltd., Ontario, Canada 
m No name, Artificial, Product of USA, Loblaws Inc., Ontario, Canada 
n Fresh, Del Monte-Guatemala, Del Monte Fresh Produce Company, Florida, USA  

 

 

4.2 Sensory Evaluation of Samples 

4.2.1 Recruitment of Consumers and Panelists 

Consumers and panelists were recruited from the staff and student populations at 

the University of Manitoba.  All procedures were approved by the Human Ethics 

Research Board at the University of Manitoba.  Recruitment was done by sending an 

electronic mail (e-mail) containing the recruitment letters (Appendices B and C), consent 

forms (Appendices D and E), and questionnaire (Appendix F) to everyone in the 

Faculties of Human Ecology, and Agricultural and Food Sciences.   To ensure attendance 

during the evaluation and training, the schedule and procedures were specified in the 

letters.   All consumers and panelists read and signed a consent form and completed a 

questionnaire in order to ensure participants did not have any food allergies before 

participation in the study.   120 consumers comprised of 30 males and 90 females 

completed the consumer acceptability evaluation while a panel of 12 members, the 

majority of which were females with only 3 males, completed the descriptive analysis.   

Both consumers and panelists were 18 years of age or older.  The criteria in recruiting 
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consumers and panelists were based on their willingness to participate, availability, and 

no food allergies.  Each panelist was assigned a code to avoid bias in data treatment and 

maintain confidentiality.  An honorarium was given upon completion of the evaluation 

and training sessions.  Gift cards of $80 were issued to each panelist and $20 to each 

consumer. 

4.2.2  Sample Preparation for Evaluation 

 A day before consumer acceptability evaluation and descriptive analysis, packed 

muffins were transferred to a refrigerator (Westinghouse, Canadian Westinghouse 

Limited, ON, Canada) and kept at 30C for 15 hours.    Four hours prior to the actual test, 

all samples were removed from the chiller and transferred to individual trays.   Each 

sample was cut into quarters and placed in a coded 118-ml portion cup (size “F”, 118 ml, 

plastic cup, made in USA), covered with a lid (size”F”, plastic portion lid, made in USA).  

Coding was done to shield the description of each sample, and each code corresponded to 

specific muffin formulations.  The three-digit coding was done using the Sensory 

Information Management System (SIMS, 2013) computerized sensory software (Sensory 

Integrated Management System, Morristown, NJ).   Then, all coded samples were placed 

on a rack to promote air circulation until room temperature was reached.  Internal 

temperature was measured after each hour to ensure that the appropriate level was 

reached.   Upon reaching room temperature, all 6 coded samples of different formulations 

per variety were transferred and randomly placed on a tray (Figure 4-6).  Evaluation 

followed immediately.  For the instrumentation, the same procedures of thawing the 

samples for sensory evaluation was followed except that samples were placed both in 
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coded individual plastic cups for fatty acid and SDG analysis, and medium size freezer 

Ziploc bags (17.7cm x 18.8 cm) for physical assessment.  After thawing, samples were 

prepared following the procedures indicated per instrumental evaluation.    

 

 

Figure 4-6  Quartered samples in coded covered plastic cups randomly  placed on a tray 

for evaluation 

Photograph by @ Amalia B. Santiago 

 

 

4.2.3  Consumer Acceptability Evaluation 

  Consumers were asked to sit at a work station with a computer equipped with 

SIMS (2013) sensory software and illuminated with overhead fluorescent bulbs.  Filtered 

water served at room temperature was utilized to cleanse the palate after each sample 

evaluation (Figure 4-7).  Six samples were evaluated in one visit and each consumer was 
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required to attend a total of 2 visits.  The first visit evaluated cinnamon muffins with 3 

levels of flax (0g, 20g, 30g) that were stored for 1 month and 6 months at -200C.    The 

second visit was used to test banana muffins.   Evaluation was divided into four weeks to 

accommodate the number of consumers and to separate assessment of the two muffin 

varieties.  The total number of consumers was divided into two in which a maximum of 

60 consumers participated in the first 2 weeks of evaluation.   

 

 

Figure 4-7  Work station for consumer acceptability evaluation 

Photograph by @ Amalia B. Santiago 

 

 

Consumers did several attempts to examine, smell and savor each sample in order 

to rate the acceptability of each sensory attributes including color, aroma, flavor, and 
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texture as well as the overall acceptability of all muffin varieties.  Rating was done using 

the consumer acceptability questionnaire (Appendix G) showing the 9-point hedonic 

scale (Stone & Sidel, 2004c), and the food action rating scale (FACT) by Schutz (1965).   

The latter was utilized to assess the acceptability based on the preferred frequency 

consumption of the samples evaluated.   One of the following nine categories was 

selected where 9 = I would eat this every opportunity I had; 8 = I would eat this very 

often; 7 = I would frequently eat this; 6 = I like this and would eat it now and then; 5 = I 

would eat this if available but would not go out of my way; 4 = I don’t like this but would 

eat it on an occasion; 3 = I would hardly ever eat this; 2 = I would eat this if there were 

no other food choices; 1 = I would eat this only if forced.  Using these scales, data were 

collected regarding age, gender, overall acceptability and frequency of consumption of 

any type of muffins.   

4.2.4  Clinical Trial Participants Acceptability   

 Clinical trial participants were asked to participate in a sensory evaluation of all 

samples by filling out the questionnaires (Appendix H) after each phase in the Asper 

Clinical Research Institute in Winnipeg, Manitoba.   After consuming muffins containing 

one dose of flaxseed daily for 4 weeks (1/2 banana and ½ cinnamon), acceptability of 

each sensory attribute including color, aroma, flavor, and texture as well as overall 

acceptability was rated using the 9-point hedonic scale.  The influence of a therapeutic 

health claim on the desire of participants to continue consuming the samples even after 

the clinical trial ended was measured by answering the 9-point food action rating scale 

(FACT).   The health claim presented and defined to participants was related to the 
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cholesterol reduction effect of flax consumption.  Participants were also asked to write 

additional observations they encountered while consuming the muffins on the space 

provided at the end of the questionnaire.   This open-ended non-structured component of 

questionnaire enabled them to explain both the favourable and non-favorable 

characteristics of muffins, which may explain further the acceptability rating provided for 

each sample by each participant.     They were also asked to provide their age, gender, 

and how often they eat muffins outside of the clinical trial. 

4.2.5  Descriptive Analysis   

 Evaluation of sensory attributes was done using the revised quantitative 

descriptive analysis method by Stone and Sidel (2004b).  Panel members were trained by 

a qualified team leader in 8 sessions which lasted for 45 minutes.  As illustrated in Figure 

4-8, the venue was appropriately illuminated and arranged to promote conducive training 

sessions and discussions between members and the team leader.  A maximum of 3 

training sessions were held per week to accommodate all of the 12 recruited members 

since availability was a factor of consideration.  Training focused on the rating of four 

main attributes including aroma, flavor/taste, texture, and color, and commenced with 

flaxseed-fortified and non-fortified banana muffins in the first week.  Flaxseed-fortified 

and non-fortified cinnamon muffins were introduced during the second week to promote 

proficiency in evaluating attributes per variety. 

 



 
 
 
 

49 
 

 

Figure 4-8  Room set-up for training of panel members 

Photograph by @ Amalia B. Santiago 

 

 

In every session, each panelist was asked to enumerate descriptors that best 

represented each attribute being evaluated.  Seven descriptors were specified for aroma 

and flavor/taste, four for texture, and one for appearance (Appendix I).  Reference 

standard samples were identified, coded with a 3-digit random numbers, and provided to 

enhance the association between each descriptor and attribute.  A line scale of 15-cm, 

with 0 as the lowest and 15 as the highest, was used to measure the intensity of each 

sensory attribute observed in the muffin variety evaluated using the standard samples as 

references.  Results were shown and further discussion was done if extensive deviations 

from the group mean to augment the techniques used in the rating of attributes and 
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maintain consistency and uniformity among panel members in the use of descriptors and 

reference standards. 

 Six coded samples of the same flavoring with different treatments, offered during 

the training and experiment were coded with a 3-digit random numbers.  Formulations for 

each muffin variety were replicated three times on three individual days per week.  

Replication was done to ensure the accuracy and reliability of results.  The experiment 

lasted for two weeks, wherein banana muffins were evaluated in the first week and 

cinnamon muffins were tested in the second week.  All coded samples with six different 

treatments of the same flavoring were introduced randomly to panel members occupying 

individual partitioned work stations at the Weston Sensory Laboratory at the University 

of Manitoba.   A ruler was provided as a gauge of the 15-line scale flashed on the 

computer screed used in measuring the intensity of each sensory attribute or descriptor in 

the sample evaluated.   Evaluation of sensory attributes was accomplished by marking the 

line scale per attribute on the questionnaire (Appendix J) shown on the computer screen 

using SIMS (2013) sensory software.   Definition and evaluation procedure per texture 

and color attribute was provided to remind each panel on how to properly conduct the 

assessment and to minimize error.   Assessment was done in two different work stations.  

Aroma, flavor/taste, and texture were assessed first in the same station, followed by the 

rating of color attribute in another station.  The station where color was evaluated was 

illuminated with regular fluorescent bulbs (Figure 4-9) while the incandescent bulbs in 

the other work station were masked with a red opaque plastic in order to mask the color 

differences among samples (Figure 4-10) in order to avoid its influence in rating 
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attributes including aroma, flavor/taste, and texture.  Filtered water was served at room 

temperature to cleanse the palate after each sample evaluation.    

 

 

 

Figure 4-9  Work station for descriptive analysis of color  

Photograph by @ Amalia B. Santiago 
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Figure 4-10 Work station for descriptive analysis of aroma, flavor/taste and texture 

Photograph by @ Amalia B. Santiago 

 

  

 

4.3  Instrumental Evaluation of Samples 

4.3.1  Color 

 Color magnitude (L*, a*, and b* values) was measured using the Hunterlab 

Miniscan (Hunter Associates Laboratory, Inc., Reston, VA) with illuminant D65 and 10 

standard observer angle (Figure 4-11).  The equipment was standardized to CIE color 

system using a white tile before the actual assessment was implemented.  The cap of each 

muffin was used to measure the color by slicing to expose the inner portion and to 
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provide a flat surface.   Reading was done in three replications on three different 

positions of the sample surface per color value while covered with a glass plate (Figure 4-

12).  It was used to ensure that reading was done on a level surface and to diminish the 

possibility of contaminating the viewing area of the equipment.  Measurements were 

done on all samples with the two different flavorings of 6 different treatments in three 

individual days of the same week. 

 

 

Figure 4-11  Hunterlab miniscan 

Photograph by @ Amalia B. Santiago 
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Figure 4-12  Color measurement of a sample using the Hunterlab miniscan 

Photograph by @ Amalia B. Santiago 

 

 

4.3.2  pH 

 The method used in pH quantification of all samples was adapted from Troutt, et 

al, (1992).  Calibration was done on the pH meter prior to the actual measurement to 

assure the precision of each reading.  10g of each sample with 100g filtered water was 

pureed in a  750-ml mini food chopper (Cuisinart, Mini-Prep Plus Processor, Model 

DLC-2AC, Woodbridge, Ontario, Canada) for 1 minute.   Puréed sample was transferred 

to a 250-ml glass measuring cup and agitated in preparation for pH measurement.   pH 

was discerned with an electrode (Oakton Model 35624-35, Oakton Instruments, Vernon 

Hills, IL) and sample swirled gently off and on for 2 minutes (Figure 4-13).  Two 
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readings were done on all 12 samples of muffin with two different flavorings and 6 

treatments in 3 successive days within the same week.  

 

 

Figure 4-13  pH measurement of pureed sample 

Photograph by @ Amalia B. Santiago 

 

 

4.3.3   Firmness 

 The inner portion of each sample was cut into a 2.5-cm cube (2.5-cm length x 2.5-

cm height x 2.5-cm width) and placed under a 3-cm diameter metal plunger mounted on 

the Lloyd Texture Measuring Instrument (Lloyd Instrument, L1000R, Lab Integration, 
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Mississauga, ON, Canada).  The cube was compressed downward to a depth of 1-cm at a 

crosshead speed of 1mm/sec (Figure 4-14).   Firmness was measured in Newtons of force 

and only 1 reading was done on all samples of 6 different treatments with the same type 

of flavoring in 3 separate days of the same week. 

 

 

Figure 4-14  Firmness measurement of samples 

Photograph by @ Amalia B. Santiago 
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4.3.4  Alpha-linolenic Acid (ALA) Extraction and Analysis 

4.3.4.1  Fatty Acid Extraction 

 Lipid extraction of free fatty acids (FFA) from all samples was executed based on 

the method demonstrated by Folch, et al (1957).  1 gram of each sample of two different 

types of flavorings with 6 different treatments was weighed using the Denver Instrument 

weighing scale and was placed in a 50 mL labeled Pyrex centrifuge tube.    4mL of 

0.025% anhydrous calcium chloride (CaCl2) (≥93% , Sigma-Aldrich, Canada Ltd, 

Oakville, ON, Canada) solution was added into each centrifuge tube.  The sample was 

homogenized with CaCl2 using PT 2100 polytron for approximately 30 to 40 seconds or 

until completely blended.   The polytron probe was rinsed thrice with distilled water and 

all unwanted particles were removed from the blades after each sample to avoid cross-

contamination.   A total of 20 ml of ≥99.9% chloroform (Sigma-Aldrich Canada Ltd) and 

methanol (Sigma-Aldrich Canada Ltd) (C:M) (2:1; w/w) was added to each centrifuge 

tube containing the homogenized sample, and vortexed for 1 minute using a Maxi Mix II 

(Thermo Scientific, Dubuque, IA, USA).  All samples were centrifuged in a Heraeus 

Megafuge 16R centrifuge (Thermo Fischer Scientific, Germany) for 12 minutes at 738 g.  

Samples were removed and stored at 40C for 10 to 12 hours or overnight to attain good 

phase separation.  The upper phase composed of methanol and water was first removed 

using glass pipets and discarded.  The lower phase which contained chloroform and fatty 

acids was transferred into labelled and pre-weighed 25 ml screw-cap Pyrex tubes using 

glass pipets and capped.  All lower phase tubes were stored at -200C prior to drying.  

Drying was done under a nitrogen gas using a N-EVAPTM111 nitrogen evaporator 



 
 
 
 

58 
 

(Organomation Associates Inc., Berline, MA, USA) at low heat in a water bath with 

temperature degrees of 40-450C.     Weighing was done after all tubes were completely 

dried.  The total lipid weight was calculated by obtaining the difference between the final 

dried weight of the tube with cap and the weight of the tube with cap prior to the addition 

of the lower phase.  To reach the final volume, the lipid extract mass was resolved and 

calibrated to 25mg/ml with C:M (1:1).    

4.3.4.2  Saponification and Methylation 

In preparation for saponification, 10mg of the calibrated lipid extract mass was 

transferred to a 15 ml Pyrex screw-cap tube then, 100µL of >98.0% nonadecanoic acid 

(Tokyo Chemical Industry Co., Ltd.) was added as an internal standard, and completely 

dried down under nitrogen gas.   Fatty acids underwent saponification by adding 1.5 mL 

of 0.5 N methanolic KOH to all tubes tightly sealed with teflon tape and heated in a 

preheated dry sand using a Black Heater Dry Bath Incubator (Fisher Scientific,Dubuque, 

IA, USA) at 1100C for 1 hour.  All tubes were removed from the sand bath and allowed 

to cool down for 6 to 10 minutes prior to methylation.     

To prepare fatty acids for gas chromatography (GC), methylation is customarily 

executed and assisted with catalysts (Morrison & Smith, 1964).   Lipids were methylated 

by adding 1.5 ml of BF3 in methanol (14%, w/w, boron triflouride) as the acid catalyst 

and 2 ml distilled hexane then, heated in a sand bath at 1100C for 1 hour.  All tubes were 

removed and completely cooled down for 6-10 minutes before adding 1 ml of deionized 

water.   Tubes were tightly capped, vortexed for 20 seconds, and centrifuged for 12 

minutes at the speed of 312 g.  Samples were refrigerated at 40C for 10-12 hours or 
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overnight to allow phase separation.  The upper phase, which contained hexane and 

methylated lipids was transferred to a 1.5 ml screw-cap GC vial using a glass pipette.   

Methylated fatty acid samples were dried down under a nitrogen evaporator with 

a low heat water bath at 40-450C.   When completely dried, 1 ml of hexane was added to 

all tubes, flushed with nitrogen gas, and capped tightly to avoid further oxidation.   All 

samples were stored at -200C until GC analysis. 

4.3.4.3  Gas Chromatography (GC) 

 Fatty acid methyl esters were separated on a Varian WCOT Fused Silica CP-

SELECT FAME column (100m X 0.25 mm diameter and 0.25 m film thickness; Varian 

Canada Inc., Mississauga, ON) using a Varian 450 GC with FID.  The column was 

operated at 100C for 2 min, the temperature was raised to 175C at 25C/min, held for 

30 min, raised again to 220C at 15C/min, held for 10 min, raised again to 240C at 

20C/min, held for 11 min.   Total run time was 60 min, and samples were run with a 

20:1 split ratio and column flow of 0.8ml/min.     

4.3.5  Secoisolariciresinol diglucoside (SDG) Extraction and Analysis 

4.3.5.1  SDG Extraction 

 A series of procedures were conducted to prepare the samples prior to SDG 

extraction.   From the center of the muffins, 52-56 grams of samples were cut, including 

the inner, top, bottom, and sides portions, and placed in a pre-weighed small-sized ziploc 

bag.   All samples were put in a freezer (Thermo Scientific Revco Ultima II Ultra-Low 

Upright Freezer) with a temperature degree of -80C for 20 minutes to reduce the 
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samples temperature level to -40C.   Samples were freeze-dried using the Freezone 

Freeze Dry Systems (Labonco Corporation, Kansas City, USA) at a vacuum pressure of 

0.040 mbar or lower.   Freeze-dried samples were ground using a Micro mill (Bel-Art 

Scienceware, NJ, USA) for 5-14 minutes, and passed through a Fisherbrand 60 mesh 

sieve (Fisher Scientific Co., Ohio, USA) for uniform particle size.   Ground freeze-dried 

samples were placed in a 50 ml centrifuge tube (VWR International, USA).   

 A range of 175 mg and 275 mg of ground freeze-dried sample was placed in a 

clean dry 50 ml VWR volumetric flask.  4.0 ml of isopropyl alcohol (IPA) (Sigma-

Aldrich Canada Ltd) was added to the sample.  Flasks were swirled to completely soak 

the sample with IPA, and allowed to stand for 20 minutes.  8.0 ml of 2N sodium 

hydroxide (NaOH) (Sigma-Aldrich Canada Ltd) was added to the flasks and sonicated for 

60 minutes in an ultrasonic bath (Branson Cleaning Equipment Co., CT, USA) at 60C.   

Samples were allowed to cool down to room temperature for 30-50 minutes before 

adding 25 ml of methanol/water (40/60; v/v).   To lower down the pH level of the 

samples, 6.0 ml of diluted phosphoric acid (1/5; v/v) was added and mixed thoroughly.  

Samples were cooled down to room temperature for 30-50 minutes, diluted to volume 

with methanol/water (40/60; v/v), and filtered through a 0.45 µm VWR syringe filter 

prior to analysis.   

4.3.5.2  High- Performance Liquid Chromatography (HPLC) 

 SDG content was analysed using HP series 1100 system (Hewlett-Packard) 

equipped with Autosampler, variable wavelength UV detector, and C18 column (5µm, 

250 mm x 4.6 mm).    Analysis was implemented with the following conditions: injection 
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volume of 10 µL; column flow of 1.15-1.25 ml/min; column temperature 25C; detection 

at 281 nm; and retention time at 11.85 minutes.  Samples were eluted with 0.2%  

phosphoric acid water (solvent A) and acetonitrile (solvent B) as the mobile phase with a 

gradient of (t=0 min, A=90%, B=10%, t=1 min, A=90%, B=10%, t=16 min, A=70%, 

B=30%, t=22 min, A=10%, B=90%, t=30 min, A=0%, B=100%, t=35 min, A=90%, 

B=10%).    

4.4  Statistical Analysis 

 For consumer acceptability evaluation, four-factor analysis of variance (ANOVA) 

was conducted with a model including Flax Levels (FL), Storage Duration (SD), and 

Flavorings (F) as fixed effects, and Consumer (C) as random effect.  Both 2-way 

interaction Flax Levels by Storage Duration, Flavorings by Storage Duration, and 

Flavorings by Flax Levels, and 3-way interaction Flavorings by Storage Duration by Flax 

Levels were examined.   For descriptive analysis, five-factor analysis of variance 

(ANOVA) was implemented with Flax Levels (FL), and Storage Duration (SD), and 

Flavorings (F) as fixed effects, and Panelist (P) and Replicate (R) as random effects.  

Both 2-way interaction Replicate by Panel, Panel by Flax Levels, Panel by Storage 

Duration, Panel by Flavorings, Flax Levels by Storage Duration, Flavorings by Storage 

Duration, and Flavorings by Flax Levels, and 3-way interaction Flavorings by Storage 

Duration by Flax Levels were examined.  Significant differences between mean 

consumer acceptability scales and attribute intensities values for each sample were 

established by Tukey’s test at a significance level of P < 0.05.  SAS (2009) software 

(Statistical Analysis system, Cary, NC) was used for consumer acceptability evaluation 

and descriptive analysis.  Statistical analysis of instrumentation measurements, fatty acid 
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and SDG analysis was achieved with three-factor ANOVA using SPSS (2014) statistical 

software package.   The model included Flax Levels (FL), Flavorings (F), and Storage 

Duration (SD) as fixed effects where 2-way interaction Flax Levels by Storage Duration, 

Flavorings by Storage Duration, and Flavorings by Flax Levels, and 3-way interaction 

Flavorings by Storage Duration by Flax Levels were evaluated.   Significant differences 

between mean instrumentation measurements values, fatty acid, and SDG levels for each 

sample were established by Tukey’s test at a significance level of P < 0.05.  Independent 

sample t-test was used to compare the acceptability of muffins between consumers and 

clinical trial participants.   Partial least squares (PLS) regression analysis using XLSTAT 

(2011) statistical analysis software was used to correlate sensory evaluation measures 

with instrumentation results.   Pearson correlation coefficients were computed to 

demonstrate which sensory attributes and instrumentation measurements can vastly 

influenced overall acceptability of muffins with and without flaxseeds.  Stepwise multiple 

regression analysis was performed as recommended by Piggott (1988) to establish that 

attribute intensities formulated by the trained panel and the instrumentation results can 

greatly dominate the overall acceptability of muffins. SPSS was used for all the analyses.  
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5.  Results and Discussion 

5.1  Consumer Acceptability Evaluation 

 A significant difference between consumers was shown indicating the influence 

of subjective food preferences, variations in responding to the scale, and sensitivity to the 

presence of attributes in muffins (Table 5-1).  Acceptability of all sensory attributes 

including color, aroma, flavor and texture, overall acceptability, and consumption 

frequency were significantly affected when milled flaxseed was added and as the level 

was increased.   Banana and cinnamon muffins with 30g milled flaxseed were the least 

acceptable as signified by the lowest mean values for all attributes as compared to 

muffins with 20g milled flaxseed and the control.  This was in congruence with the 

observations of Ramcharitar, et al (2005) that muffins with the highest amount of 

flaxseed received the lowest acceptability rating.  Mean acceptability rating of color, 

aroma, flavor, texture, and overall acceptability of muffins with milled flaxseed was 

between 4.7 and 5.8 of the 9-point hedonic scale, which denoted a range between “dislike 

slightly” and “like slightly”.  The control received a rating of 7, implying that these 

muffins were “liked moderately”.  Muffins with 30g and 20g milled flaxseed received 3.9 

and 4.4 acceptance rating, respectively, by consumption frequency which was 

comparable to “I don’t like this but would eat this on occasion”.     

 Storage of 1 month and 6 months had no significant impact on acceptance of 

sensory attributes, overall acceptability, and consumption frequency of banana and 

cinnamon muffins with or without milled flaxseeds (Table 5-1).  
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Table 5-1 

F-value with associated probabilities and mean value (with standard deviation) for consumer acceptance of banana and cinnamon muffins 

from four-way ANOVA (FL=Flax Levels (n= 3); F=Flavorings (n=2); SD=Storage Duration (n= 2); C=Consumer (n=120)). 

 

 
Source of Variation (F-value) Mean Value for Flax 

Levels 

Mean Value for 

Flavorings 

Mean Value for 

Storage Duration 

Attribute FL F SD C FLxSD FxSD FxFL 
FxSDx

FL 
no flax 20g 30g Banana Cinnamon 

1 

month 

6 

months 

Color1 
308.99 

***3 

3.00 

NS3 

0.41 

NS 

4.51 

*** 
† † 

6.14    

** 
† 

7.3a        

(1.3) 

5.6b         

(1.7) 

5.1c        

(1.9) 

6.0a        

(1.8) 

5.9a        

(2.0) 

6.0a        

(1.9) 

6.0a        

(1.9) 

Aroma1 
138.38 

*** 

3.69 

NS 

1.47 

NS 

3.60 

*** 
† † † † 

7.1a        

(1.5) 

5.8b         

(1.9) 

5.4c        

(2.0) 

6.0a        

(2.0) 

6.2a        

(1.9) 

6.0a        

(2.0) 

6.1a        

(1.9) 

Flavor1 
251.81 

*** 

3.64 

NS 

1.66 

NS 

3.24 

*** 
† † † † 

7.1a        

(1.4) 

5.4b         

(1.8) 

4.9c        

(1.8) 

5.7a        

(2.0) 

5.9a        

(1.9) 

5.8a        

(2.0) 

5.9a        

(1.9) 

Texture1 
291.97 

*** 

1.73 

NS 

0.13 

NS 

3.39 

*** 

7.49    

*** 
† † † 

7.2a        

(1.4) 

5.5b         

(1.9) 

4.8c        

(1.9) 

5.8a        

(2.1) 

5.9a        

(2.0) 

5.8a        

(2.1) 

5.9a        

(1.9) 

Overall 

Accepta

bility1 

322.65 

*** 

9.43    

** 

0.87 

NS 

3.45 

*** 

4.40      

* 
† † † 

7.1a        

(1.4) 

5.3b         

(1.8) 

4.7c        

(1.8) 

5.6b         

(2.0) 

5.8a        

(1.9) 

5.7a        

(2.0) 

5.8a       

(1.9) 

FACT2 
317.32 

*** 

8.51   

** 

0.92 

NS 

3.78 

*** 

4.10     

* 
† † † 

6.3a        

(1.6) 

4.4b         

(1.8) 

3.9c        

(1.7) 

4.8b         

(2.0) 

5.0a        

(1.9) 

4.8a        

(2.1) 

4.9a        

(1.9) 
19=like extremely; 8=like very much; 7=like moderately; 6=like slightly; 5=neither like nor dislike; 4=dislike slightly; 3=dislike moderately; 2=dislike 

very much; 1=dislike extremely   
29=I would eat this every opportunity I had; 8=I would eat this very often; 7=I would frequently eat this; 6=I like this and would eat it now and then; 5=I 

would eat this if available but would not go out of my way; 4=I don't like this but would eat it on an occasion; 3=I would hardly ever eat this; 2=I would 

eat this if there were no other food choices; 1= I would eat this only if forced 
3Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 
abcMean intensity values for sample with the same letter within the same row within the same variable (Flax Levels, Flavorings, Storage Duration) are 

not significantly different P>0.05. 

† No values indicated since only significant interactions were included in the model 
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 Incorporation of flavorings did not significantly alter the acceptance of color, 

aroma, flavor, and texture attributes but overall acceptability and acceptance by 

consumption frequency of banana and cinnamon muffins with and without milled 

flaxseed were significantly influenced.  Muffins with ground cinnamon garnered a higher 

overall acceptability and acceptability by consumption frequency rating than muffins 

with pureed banana (Table 5-1).   

Although storage did not affect acceptability of all sensory attributes as well as 

overall acceptability and acceptability by consumption frequency, a significant 

interaction between flax levels and storage duration was revealed for texture, overall 

acceptability and preferred consumption frequency (Figures 4-15 to 4-17).   The plots 

demonstrated that prolonged storage reduced the acceptability of texture, overall 

acceptability, and preferred consumption frequency in the control but were enhanced in 

muffins with milled flaxseed, which indicated that the addition of milled flaxseed and 

prolonged storage can improve texture and overall acceptability in muffins.      

A significant interaction between flavorings and flax levels was also shown for 

color (Figure 4-18).   It was illustrated that when flaxseed was added in muffins, color 

was more acceptable in banana muffins than in cinnamon muffins, which can be 

associated with the lightening effect of puréed banana as shown in the instrumentation 

results (Table 5-3).  This suggested that flaxseed-fortified muffins with lighter color tend 

to be more acceptable.  
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Figure 4-15  Flax level by storage duration interaction for acceptability of texture in 

muffins with and without milled flaxseed 
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Figure 4-16  Flax level by storage duration interaction for overall acceptability in 

muffins with and without milled flaxseed 
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Figure 4-17  Flax level by storage duration interaction for acceptability by preferred 

consumption frequency in muffins with and without milled flaxseed 

 



 
 
 
 

69 
 

 

 

Figure 4-18  Flavorings by flax level interaction for acceptability of color in muffins with 

and without milled flaxseed 

 

 

 

5.2  Descriptive Analysis 

 Results remained constant among the 3 day replications, which indicate that the 

panelists were consistent in evaluating all the samples (Table 5-2).   Significant 

differences in assessing some of the attributes by panelists were revealed, which can be 

expected.  Variations between panelists in responding to attributes stimuli, their 

sensitivities, and in interpreting the line scale can be reduced by training, but cannot be 

eliminated (Lundahl & McDaniel, 1988).   
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The addition of flax and increasing its concentration has significantly affected the 

presence of various attributes (Table 5-2).  As anticipated, the flax aroma and flavor/taste 

intensities increased significantly in all muffins containing flaxseed but were not altered 

after prolonged storage and the addition of flavorings.     A significant interaction 

between flax levels and storage duration was shown for flax aroma intensity (Figure 4-

19).   This signified that prolonged storage can reduce the presence of flax aroma in 

muffins when milled flaxseed was added.   Another significant interaction was also 

shown between flax levels and flavorings for sour aroma and flavor/taste intensities 

(Figures 4-20 and 4-21), which revealed that cinnamon flavorings can decrease sour 

aroma and flavor/taste intensities when milled flaxseed was added. 
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Table 5-2 

F-value with associated probabilities and mean value (with standard deviation) for descriptive analysis of banana and cinnamon 

muffins from five-way ANOVA (FL=Flax Levels (n= 3); F=Flavorings (n=2); SD=Storage Duration (n= 2); R=Replicate (n=3); 

P=Panel (n=12)). 

 Source of Variation (F-value) 
Mean Value for Flax 

Levels1 

Mean Value for 

Flavorings1 

Mean Value 

for Storage 
Duration1 

Attribute FL F SD R P RxP PxFL 
PxS
D 

PxF 
FLx
SD 

FxS
D 

FxF
L 

FxS
DxF

L 

no 
flax 

 

20g 30g 
Banan

a 
Cinna
mon 

1 
month 

6 
mon

ths 

Aroma                     

Banana 
4.30      

*2 

4.07 

NS2 

3.33 

NS 

1.06 

NS 

5.77  

*** 
† 

10.40 

*** 
† 

1.88     

* 
† † † † 

8.6a 

(3.8) 

6.4ab 

(4.4) 

6.2b 

(4.6) 

7.4a 

(4.3) 

6.7a 

(4.5) 

6.8a 

(4.4) 

7.3a 

(4.5) 

Sweet 
12.70 

*** 

0.18 

NS 

0.43 

NS 

0.99 

NS 

5.96  

*** 
† 

8.34 

*** 
† 

2.32     

** 
† † † † 

9.5a 

(3.4) 

6.6b 

(3.7) 

6.1b 

(3.9) 

7.5a 

(3.8) 

7.4a 

(4.1) 

7.4a 

(4.0) 

7.5a 

(3.9) 

Grain 
0.13  

NS 

1.30 

NS 

0.26 

NS 

0.10 

NS 

1.91 

NS 

2.28  

** 

12.70 

*** 
† 

4.58 

*** 
† † † † 

6.7a 

(3.7) 

7.1a 

(2.9) 

6.8a 

(3.1) 

6.6a 

(3.1) 

7.1a 

(3.3) 

6.9a 

(3.3) 

6.8a 

(3.2) 

Flax 
34.44 

*** 

0.06 

NS 

3.05 

NS 

2.37 

NS 

1.96 

NS 

1.61     

* 

5.67 

*** 
† 

2.94   

** 

6.71     

** 
† † † 

2.6b 

(2.8) 

7.2a 

(3.7) 

8.3a 

(3.6) 

6.0a 

(4.2) 

6.1a 

(4.3) 

6.3a 

(4.3) 

5.8a 

(4.1) 

Oil 
0.35  

NS 

0.10 

NS 

3.93    

* 

0.48 

NS 

4.83  

*** 

2.83 

*** 

13.30 

*** 
† 

7.41 

*** 
† † † † 

4.4a 

(3.2) 

4.6a 

(2.9) 

5.0a 

(3.4) 

4.7a 

(3.0) 

4.6a 

(3.3) 

4.8a 

(3.1) 

4.5b 

(3.2) 

Sour 
6.81     
** 

2.23 
NS 

2.65 
NS 

1.03 
NS 

5.27  
*** 

2.33 
*** 

5.60 
*** 

† 
5.11 
*** 

† † 
4.19    

* 
† 

1.5b 

(1.6) 
2.5a 

(2.6) 
2.9a 

(3.1) 
2.5a 

(2.8) 
2.1a 

(2.4) 
2.4a 

(2.7) 
2.2a 

(2.5) 

Cinnamo

n 

3.71      

* 

1.00 

NS 

0.12 

NS 

1.18 

NS 

5.18 

*** 
† 

6.18 

*** 

2.47   

** 

2.60   

** 
† † † † 

5.6a 

(4.4) 

4.2ab 

(3.5) 

3.8b 

(3.3) 

4.3a 

(3.7) 

4.7a 

(4.0) 

4.6a 

(3.8) 

4.5a 

(3.8) 

Flavor/Taste                   

Banana 
5.01      

* 

2.07 

NS 

0.58 

NS 

1.42 

NS 

4.54 

*** 
† 

11.20 

*** 
† 

5.64 

*** 
† † † † 

7.9a 

(3.8) 

5.6b 

(3.9) 

5.7b 

(4.2) 

6.7a 

(4.0) 

6.0a 

(4.2) 

6.3a 

(4.2) 

6.5a 

(4.0) 

Sweet 
9.63   

*** 

1.83 

NS 

1.70 

NS 

0.48 

NS 

3.73   

** 

2.09     

** 

6.35 

*** 
† 

5.94 

*** 
† † † † 

8.8a 

(3.2) 

6.8b 

(3.0) 

6.6b 

(3.1) 

7.7a 

(3.0) 

7.1a 

(3.4) 

7.3a 

(3.3) 

7.5a 

(3.2) 
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 Source of Variation (F-value) 
Mean Value for Flax 

Levels1 

Mean Value for 

Flavorings1 

Mean Value 
for Storage 

Duration1 

Attribute FL F SD R P RxP PxFL 
PxS

D 
PxF 

FLx

SD 

FxS

D 

FxF

L 

FxS

DxF

L 

no 

flax 

 

20g 30g 
Banan

a 

Cinna

mon 

1 

month 

6 

mon

ths 

Grain 
0.30  
NS 

1.79 
NS 

0.34 
NS 

2.42 
NS 

2.49    
* 

† 
13.27 
*** 

† 
7.17 
*** 

† † 
3.09      

* 
† 

6.8a 

(3.9) 
7.4a 

(3.2) 
7.3a 

(3.4) 
6.8a 

(3.3) 
7.5a 

(3.7) 
7.1a 

(3.6) 
7.2a 

(3.5) 

Flax 
44.34 

*** 

0.00 

NS 

0.10 

NS 

1.56 

NS 

2.09 

NS 
† 

6.15 

*** 
† 

4.48 

*** 
† † † † 

2.7b 

(2.9) 

7.9a 

(3.3) 

8.8a 

(3.4) 

6.5a 

(4.2) 

6.5a 

(4.2) 

6.4a 

(4.2) 

6.5a 

(4.2) 

Oil 
0.17  

NS 

3.88 

NS 

0.08 

NS 

0.01 

NS 

5.76   

*** 

3.38 

*** 

23.26 

*** 
† 

5.86 

*** 
† † † † 

4.6a 

(3.4) 

4.7a 

(3.3) 

5.0a 

(3.6) 

5.1a 

(3.2) 

4.5a 

(3.5) 

4.8a 

(3.4) 

4.7a 

(3.4) 

Sour 
3.11  

NS 

0.30 

NS 

0.54     

NS 

1.15 

NS 

7.77   

*** 

1.67     

* 

11.01 

*** 
† 

4.28 

*** 
† † 

3.13     

* 
† 

1.6a 

(2.0) 

2.5a 

(2.7) 

2.7a 

(2.9) 

2.3a 

(2.7) 

2.2a 

(2.5) 

2.3a 

(2.7) 

2.2a 

(2.5) 

Cinnamo
n 

6.85     
** 

1.25 
NS 

0.00 
NS 

0.03 
NS 

3.56   
** 

† 
6.60 
*** 

† 
8.86 
*** 

† † † † 
5.1a 

(4.2) 
3.6b 

(3.2) 
2.9b 

(2.7) 
3.5a 

(3.3) 
4.2a 

(3.8) 
3.9a 

(3.5) 
3.9a 

(3.6) 

Texture                     

Springine
ss 

59.39 
*** 

0.29 
NS 

0.21 
NS 

0.71 
NS 

1.48 
NS 

1.68    
* 

7.95 
*** 

† 
7.03 
*** 

† † † † 
9.7a 

(2.4) 
4.4b 

(2.9) 
3.6b 

(2.5) 
5.7a 

(3.7) 
6.0a 

(3.8) 
5.8a 

(3.8) 
5.9a 

(3.7) 

Firmness 
0.14  

NS 

2.08 

NS 

9.53    

** 

0.15 

NS 

1.71 

NS 
† 

20.32 

*** 
† 

2.50     

** 
† † 

3.94      

* 
† 

5.2a 

(2.9) 

5.0a 

(3.0) 

5.5a 

(3.5) 

5.1a 

(3.1) 

5.4a 

(3.2) 

5.0b 

(3.1) 

5.5a 

(3.1) 

Mouth 

Dryness 

10.52 

*** 

10.17    

** 

4.65    

* 

2.59 

NS 

2.84    

* 

1.78    

* 

21.82 

*** 
† 

3.36 

*** 
† † † † 

7.2a 

(3.3) 

4.1b 

(2.9) 

3.7b 

(2.9) 

4.6b 

(3.3) 

5.4a 

(3.5) 

4.9b 

(3.4) 

5.2a 

(3.4) 

Cohesive

ness of 
Mass 

26.34 
*** 

4.30 
NS 

0.07 
NS 

1.66 
NS 

1.03 
NS 

3.30 
*** 

14.98 
*** 

† 
3.97 
*** 

† † 
3.46     

* 
3.38         
** 

3.3b 

(2.1) 
7.5a 

(3.0) 
8.6a 

(2.9) 
6.8a 

(3.6) 
6.1a 

(3.4) 
6.5a 

(3.5) 
6.4a 

(3.5) 

Appearan
ce 

                    

Brown 

Color 

149.56  

*** 

3.06 

NS 

0.07 

NS 

2.52 

NS 

0.67 

NS 
† 

11.48 

*** 
† 

5.62 

*** 
† † † † 

3.9c 

(1.7) 

10.3b 

(1.7) 

11.5a 

(1.6) 

8.3a 

(3.7) 

8.8a 

(3.8) 

8.6a 

(3.8) 

8.5a 

(3.7) 
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1
Mean intensity values were measured with a scale from 0-15 (0=low; 15=high) 

2
Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 

abcMean intensity values for sample with the same letter within the same row within the same variable (Flax Levels, Flavorings, Storage Duration) 

are not significantly different P>0.05. 

† No values indicated since only significant interactions were included in the model 
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Figure 4-19  Flax level by storage duration interaction for flax aroma intensity in muffins 

with and without milled flaxseed 
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Figure 4-20  Flavorings by flax level interaction for sour aroma intensity in muffins with 

and without milled flaxseed 
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Figure 4-21  Flavorings by flax level interaction for sour flavor/taste intensity in muffins 

with and without milled flaxseed 

 

Sweet aroma and flavor/taste intensities declined when flaxseed was added even though 

sugar was raised from 6.05% and 10.07% in the formulations of muffins without milled 

flaxseed to a range of 7.78 and 13.22% in muffins with milled flaxseed.  This impact was 

further demonstrated in the orange cranberry and apple spice muffins in which sweet 

aroma and flavor reduced significantly (Aliani et al., 2011). 

 The degree of springiness and mouth dryness intensities declined significantly 

when flax was added while cohesiveness of mass was elevated (Table 5-2).   Dietary fiber 

in flaxseed may increase the moisture content in muffins which reduced dryness, and 

promoted cohesiveness.  This is associated with the relative eminent capacity of mucilage 
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gums in binding water (Fedeniuk & Biliaderis, 1994).   The ability of pureed banana in 

retaining moisture content in muffins was demonstrated when a significant interaction 

was shown between flax levels and flavorings for cohesiveness of mass (Figure 4-22).   A 

comparable result on water retention ability by ground flaxseed was exhibited in bread 

(Marpalle et al., 2014).  A decrease in springiness can be associated with a reduction in 

the baked product volume and height as well as the frequency of gas cells (Baixauli, 

Salvador, & Fiszman, 2008).  In this study, a significant reduction in the height of 

muffins with flaxseed was observed.  Muffins without flax had a mean height of 51.4 ± 

2.8mm while the muffins with flax mean height ranged from 44.1± 2.5mm to 45.4 ± 

1.0mm.   The ability of flaxseed to shrink the volume of baked products, may be related 

to its dietary fiber content (Marpalle et al., 2014; Wang, Rosell, & Benedito de Barber, 

2002).  This result was contradicted when loaf volume expanded due to milled flaxseeds 

(Koca & Anil, 2007) but this impact varied depending on the levels used (Menteş et al., 

2008).   A significant interaction between flax levels and flavorings was also shown for 

firmness (Figure 4-23).   The plot illustrated that pureed banana can decrease firmness in 

muffins when milled flaxseed was increased to 30g.  Brown color intensity magnified 

upon the addition of flax, which can be attributed to the inherent brown color of the 

milled flaxseed used.   

   



 
 
 
 

78 
 

 

 

Figure 4-22  Flavorings by flax level interaction for cohesiveness of mass intensity in 

muffins with and without milled flaxseed 
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Figure 4-23  Flavorings by flax level interaction for firmness intensity in muffins with 

and without milled flaxseed 

 

 

 Flaxseed contains high amounts of ALA, which is susceptible to oxidation, and 

may contribute to the development of off-flavor and aroma in baked products during 

processing and storage.  This negative effect can be inhibited by incorporating 

antioxidants.  Formulations for all muffins used in this study did not contain any added 

antioxidants nor preservatives.  Storage at -200C for 1 month and 6 months did not alter 

the intensities of all attributes except for oil aroma, firmness and mouth dryness (Table 5-

2).  Oil aroma intensity significantly diminished while firmness and mouth dryness 

intensities elevated after storing for 6 months.   Prolonged storage aided in reducing one 
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of the effects of flax addition since oil aroma corresponded to the odor of moistened 

ground flaxseed.  Similar results were demonstrated in flaxseed rolls in which moisture 

and softness were minimized significantly after a 6-day storage period at room 

temperature (Pohjanheimo et al., 2006).   A counter result was shown in cookies with 

milled flaxseed in terms of moisture content after storing for 90 days at room temperature 

(Rajiv et al., 2012). 

 Mouth dryness intensity was the only attribute affected by the addition of 

flavorings (Table 5-2).   It declined significantly when pureed banana was blended 

compared to the ground cinnamon, which may be related to the moisture content of fresh 

bananas.    

5.3  Instrumentation 

5.3.1 Color Measurement 

 Significant differences were observed among the L*, a*, and b* values of muffins 

of different formulations (Table 5-3). The addition of milled flaxseed darkened the 

muffins as indicated by lower L* mean value, and can be associated with the natural 

brown color of the flaxseed used.  This further explains the elevation of brown color 

intensity in muffins when milled flaxseed was added (no flax vs 20g) and increased (20g 

vs 30g).   Darkening of different baked products was also demonstrated by lower L* 

mean values when flaxseed was added at 5-6% and increased to 10-20% of wheat 

flour/rolled oats by Koca and Anil (2007); Khouryieh and Aramouni (2012; 2013); and, 

Marpalle et al (2014).   A reduction in redness and yellowness was shown in muffins 

after blending the milled flaxseed as implied by curtailed a* and b* mean values.   
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Marpalle et al (2014) and Koca and Anil (2007) reported similar results on the reduction 

of yellowness in bread crumb and crust and a decline on redness in bread crust.  

Khouryieh and Aramouni (2013) had also shown a significant reduction in yellowness 

but not on redness in cereal bars when ground flaxseed was increased to 18% of rolled 

oats.  Contradicting results were exhibited upon the addition of flaxseed by Khouryieh 

and Aramouni (2012), where redness and yellowness increased in cookies; but Khouryieh 

and Aramouni (2013) revealed that only redness increased in cereal bars, while Koca and 

Anil (2007) had shown that redness was only increased in bread crumb.   

 Storage had no significant effect on the color of muffins (Table 5-3), which is 

contrary to the results shown by Yaseen et al (2013), that wheat bran muffins with date 

syrup darkened after 96 hours or 4 days of storage at 350C.   Pureed banana can lighten 

muffins, which can be attributed to the fruits light yellow hue as they ripen (Jaiswal et al., 

2014) (Table 5-3).   Ground cinnamon increased redness in muffins, which can be due to 

the inherent dark reddish brown color of the bark (Raghavan, 2000). 

 A significant interaction between flax levels and storage was also shown in L*, 

a*, and b* values, which indicated that darkening was further enhanced by prolonged 

storage when milled flaxseed was increased to 30g (Figures 4-24 to 4-26). 
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Table 5-3 

F-value with associated probabilities and mean value (with standard deviation) for chemical and physical testing of banana and 

cinnamon muffins from three-way ANOVA (FL=Flax Levels (n= 3); F=Flavorings (n=2); SD=Storage Duration (n= 2)). 

 

 Source of Variation (F-value) 
Mean Value for Flax 

Levels 

Mean Value for 

Flavorings 

Mean Value for 

Storage Duration 

Attribute FL F SD FLxSD FxSD FxFL 
FxSD

xFL 

no 

flax 
20g 30g Banana 

Cinnam

on 

1 

month 

6 

months 

Color (n=108)           

L* 
1964.62

***2 

95.97 

*** 

0.01 

NS2 

8.40 

*** 

6.66    

* 

 

52.32 

*** 

† 
45.2a 

(1.1) 

35.4b 

(1.3) 

30.7c 

(2.5) 

38.0a 

(5.3) 

36.2b 

(7.1) 

37.1a 

(6.0) 

37.1a 

(6.7) 

a* 
1050.99

*** 

58.74 

*** 

2.23 

NS 

16.93 

*** 
† 

 

573.46

*** 

† 
7.5a 

(1.0) 

6.0b 

(0.3) 

5.7c 

(0.4) 

6.3b 

(0.3) 

6.5a 

(1.5) 

6.4a 

(1.0) 

6.4a 

(1.1) 

b* 
2049.46

*** 

0.96 

NS 

0.60 

NS 

12.58 

*** 

13.44 

*** 

349.44

*** 

29.45

*** 

20.4a 

(1.9) 

15.4b 

(0.9) 

13.6c 

(1.1) 

16.4a 

(1.9) 

16.5a 

(4.2) 

16.5a 

(3.2) 

16.4a 

(3.2) 

pH (n=72) 
17.88 

*** 

147.77

*** 

61.25 

*** 

5.36  

** 
† 

49.76 

*** 

87.58

*** 

8.1a 

(0.3) 

8.0c 

(0.1) 

8.1b 

(0.1) 

8.0b 

(0.2) 

8.2a 

(0.2) 

8.0b 

(0.2) 

8.1a 

(0.1) 

Firmness1 

(n=36) 

34.99 

*** 

17.25 

*** 

0.14 

NS 
† † 

3.29 

NS 
† 

7.5c 

(1.1) 

10.8b 

(2.3) 

12.4a 

(1.9) 

9.2b 

(2.2) 

11.3a 

(3.0) 

10.2a 

(2.6) 

10.3a 

(3.0) 

 

1Firmness is measured in Newtons (N) 
2Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 
abcMean intensity values for sample with the same letter within the same row within the same variable (Flax Levels, Flavorings, Storage Duration) 

are not significantly different P>0.05. 

† No values indicated since only significant interactions were included in the model 
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Figure 4-24  Flax level by storage duration interaction for L* values in muffins with and 

without milled flaxseed 
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Figure 4-25  Flax level by storage duration interaction for a* values in muffins with and 

without milled flaxseed 
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Figure 4-26  Flax level by storage duration interaction for b* values in muffins with and 

without milled flaxseed 

 

 

5.3.2 pH Measurement 

 Although, the reduction was significant in the mean pH of muffins when milled 

flaxseed was added, the values were still close to each other (Table 5-3).  A pH value 

above 7.0 signifies that all muffins were alkaline (Rahman, 2007), and was increased 

significantly by prolonged storage duration and by the addition of ground cinnamon.   In 
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breads, loaf volume decreased when the pH level increased above 6.15 (Holmes & 

Hoseney, 1987).  This effect can be enhanced further by incorporating milled flaxseed as 

demonstrated in the current study.  It reduced volume and height significantly in various 

baked products as verified by Marpalle et al (2014), and Khouryieh and Aramouni 

(2012).  In contrary, flaxseed can increase volume significantly in bread but a significant 

decrease was seen when the level was increased to 25% (Menteş et al., 2008), which 

further explain the significant reduction in the height of muffins in the current study.  

From a mean height of 51.4 ± 2.8mm in muffins without flaxseed to a height range of  

44.1± 2.5mm to 45.4 ± 1.0mm in muffins with flaxseed.   

 At pH 9, lightness was promoted in flaxseed meal when bleached with hydrogen 

peroxide but its dark color remained unchanged when its concentration was increased to 

10% even when treated with 1% hydrogen peroxide (Aider, Martel, Ferracci, & de 

Halleux, 2012).  This further demonstrated that pH has no effect on the dark color of 

muffins when flaxseed was added at a higher concentration.   

5.3.3  Firmness 

 A significant accretion in the force required to compress muffins was noted when 

flaxseed was added and increased (Table 5-3).   Similar results were shown by Mridula et 

al (2011) in energy bars; Shearer and Davies (2005), in whole-wheat muffins; and  

Garnokar and Jain (2014), in which flaxseeds increased hardness in cookies but declined 

when the level went beyond 15%.  This can be associated with the high protein content of 

flaxseed as exhibited in baked products by Brewer et al (1992), who showed that soy 

protein reduced tenderness in muffins when added, although soy protein isolate has four 
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times (Health Canada, 2015) the amount of protein as compared to flaxseed.   Opposing 

result was demonstrated by Marpalle et al (2014) that bread firmness significantly 

reduced upon the addition of 5% milled flaxseed and declined further when the level was 

increased to 15%.  This effect can be associated with the role of flaxseed gum in retaining 

moisture. 

 The present study found that storage at -200C for 6 months did not significantly 

affect firmness in muffins (Table 5-3).  Chetana et al (2010), found that muffins hardened 

after 10-days of storage; and Pohjanheimo et al (2006), reported that roll softness 

declined after 6-days of storage.  In both studies, baked products were stored at ambient 

temperature.   A comparable result on hardness in cookies was shown by Rajiv et al 

(2012), in which it was not significantly affected by storage between 30 and 90 days at 

220C but a slight change was noted. 

 The addition of pureed banana decreased firmness significantly, which can be 

attributed to its moisture content since it has 74.91% water (United States Department of 

Agriculture, 2015). 
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5.3.4  Alpha-linolenic Acid (ALA) Concentration 

 Fatty acid composition of muffins was altered based on the fat source used in the 

formulations (Tables 5-4).  Oleic acid level was reduced significantly when the amount of 

mid-oleic sunflower oil used was diminished or excluded.  A significant decline in 

linoleic acid was also shown but the impact was not as marked as oleic acid since ground 

flaxseed used is also a source of LA.  ALA concentration increased significantly 119 and 

181 fold in muffins when flaxseed was added.  Even when muffins were baked for 20 

minutes at 3500F in the current study, the results revealed that ALA concentration was 

not decreased.   Since ALA has double bonds, exposure to oxygen, heat and other 

favorable factors promotes peroxidation (Cunnane, 2003).   Results of this study was 

justified further when Chen, et al (1994) demonstrated that even prolonged baking or a 2-

hour baking at 1780C did not decrease ALA significantly in muffins with ground flaxseed 

even with substantial oxygen consumption.   Augmentation of ALA concentration was 

exhibited in different baked and snack products when ground flaxseed was added by  

Chetana et al (2010);  Lipilina and Ganji (2009);  Mentes et al (2008); and,  Mridula et al 

(2011) demonstrating the effectiveness of this method in improving the ALA 

composition of foods.   
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Table 5-4 

F-value with associated probabilities and mean value (with standard deviation) from fatty acid analysis of banana and cinnamon 

muffins from three-way ANOVA (FL=Flax Levels(n=3); (F=Flavorings (n=2); (SD=Storage Duration(n=2)). 

Group 

of Fatty 

acids 

(%) 

Source of Variation (F-value) 
Mean Value for Flax 

Levels 

Mean Value for 

Flavorings 

Mean Value for 

Storage Duration 

FL F SD FLxSD FxSD FxFL 
FxSDx

FL 
0g 20g 30g Banana Cinnamon 

1 

month 

6 

months 

SFA 0.45 NS1 
3.81

NS 

4.71 

*1 
† 

8.98 

** 
† † 

10.1a 

(1.0) 

9.9a 

(1.0) 

10.0a 

(0.7) 

9.8a 

(1.0) 

10.3a   

(0.8) 

9.7b 

(1.0) 

10.3a 

(0.8) 

Oleic 

Acid 

2355.77 

*** 

1.06 

NS 

0.23 

NS 
† † † † 

65.0a 

(1.4) 

34.0b 

(2.4) 

19.0c 

(0.5) 

39.6a 

(20.0) 

39.1a 

(20.0) 

39.5a 

(19.6) 

39.2a 

(20.0) 

LA 
263.48 

*** 

2.48 

NS 

7.68 

** 

4.54    

* 

9.74 

** 
† † 

22.5a 

(1.2) 

18.6b 

(1.2) 

15.3c 

(0.3) 

18.6a 

(3.2) 

19.0a  

(3.2) 

19.2a 

(3.4) 

18.4b 

(2.9) 

ALA 
11331.89

*** 

2.09 

NS 

0.02 

NS 
† † † † 

0.3c 

(0.0) 

35.9b 

(1.3) 

53.9a 

(0.9) 

30.2a 

(23.1) 

29.8a 

(22.7) 

30.0a 

(22.9) 

30.0a 

(22.9) 

 

1Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 
abcMean intensity values for sample with the same letter within the same row within the same variable (Flax Levels, Flavorings, Storage Duration) 

are not significantly different P>0.05. 

† No values indicated since only significant interactions were included in the model 
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5.3.5   Secoisolariciresinol diglucoside (SDG) Concentration 

 SDG concentration became apparent and increased significantly when milled 

flaxseed was added which indicates that other ingredients used in the muffins formulation 

are not sources of SDG (Table 5-5).   This also revealed that SDG is stable during baking 

as demonstrated by Hyvarinen et al (2006) when the amount of SDG was not 

significantly affected in muffins after baking at 1750C for 23 minutes or even at a higher 

temperature of 2500C for 25 minutes in buns.   SDG also increased significantly after 

storage at -200C for 6 months (Table 5-5).   Figure 4-27 shows a significant interaction  

between flax levels and storage in which SDG concentration increased after 6-months of 

storage.  The elevation can be related to the alterations on starch molecules when stored 

longer at freezing temperature which enhanced the extraction potency of SDG from the 

food matrix (Hyvärinen et al., 2006), and from flaxseed.   This method improved SDG 

extraction when flaxseed is added to foods considering it is also not found in free form in 

flax but bound in an ester complex (Muir & Westcott, 2000).   
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Table 5-5 

 

F-value with associated probabilities and mean value (with standard deviation) from SDG analysis of banana and cinnamon muffins 

from three-way ANOVA (FL=Flax Levels(n=3); (F=Flavorings (n=2); (SD=Storage Duration(n=2)). 

 

SDG 

(%, 

w/w)) 

Source of Variation (F-value) 
Mean Value for Flax 

Levels 

Mean Value for 

Flavorings 

Mean Value for 

Storage Duration 

FL F SD FLxSD FxSD FxFL 
FxSDx

FL 
0g 20g 30g Banana Cinnamon 

1 

month 

6 

months 

14116.67

***1 

 

67.92 

*** 

 

117.00

*** 

 

86.76 

*** 

 

4.25   

* 

55.98  

*** 
† 

0.0c 

(0.0) 

0.3b 

(0.0) 

0.4a 

(0.0) 

0.2a 

(0.2) 

0.2a    

(0.2) 

0.2b 

(0.2) 

0.3a   

(0.2) 

 

1Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 
abcMean intensity values for sample with the same letter within the same row within the same variable (Flax Levels, Flavorings, Storage Duration) 

are not significantly different P>0.05. 

† No values indicated since only significant interactions were included in the model 
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Figure 4-27  Flax level by storage duration interaction for SDG concentration in muffins 

with and without milled flaxseed 
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5.4   Comparison of Consumer Acceptability with Clinical Trial Participants 

Acceptability Evaluation 

 Results (Table 5-6) demonstrated that there were significant differences in 

acceptability of sensory attributes including color, aroma, flavor, and texture and overall 

acceptability of cinnamon muffins with and without milled flaxseed, and acceptability in 

all attributes in banana muffins with and without milled flaxseed except on aroma 

acceptability and overall acceptability of banana muffins with milled flaxseed between 

consumers and clinical trial participants.    When milled flaxseed was added, the degree 

of liking was reduced among consumers as indicated by a shift for all attributes from a 

mean scale value range of 7.0-7.4 or ‘like moderately’ in muffins without milled flaxseed 

to 4.5-5.8 or ‘dislike slightly’ and ‘neither like nor dislike’ in muffins with milled 

flaxseed.   Among clinical trial participants the rating given was higher when milled 

flaxseed was added, from a range of 6.1-6.7 or ‘like slightly’ to 6.0-7.3 or ‘like slightly’ 

and ‘like moderately’ except on the acceptability of texture in banana muffins with 30g 

milled flaxseed.  Similar results were shown by Padhi et al (2015), in which acceptability 

of appearance, aroma, flavor, taste, and texture, and overall acceptability of muffins by 

clinical trial participants were significantly elevated when soy was added.   In both 

groups, muffins with 20g were preferred in all four sensory attributes and the rating on 

overall acceptability was higher as compared to muffins with 30g (Table 5-6).   Although 

a significant difference was shown on the acceptability rating, the mean scale values 

between the two groups were moderately apart (Table 5-6).   Overall acceptability of 

muffins with 20g milled flaxseed by consumers ranged from 5.2 to 5.4 or ‘neither like 

nor dislike’ while by clinical trial participants, the rating ranged from 7.0 to 7.1 or ‘like 
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moderately’.   For muffins with 30g milled flaxseed, overall acceptability rating by 

consumers ranged from 4.5 to 4.9 or ‘dislike slightly’ while by clinical trial participants, 

it was 6.5 or ‘like slightly’.    

 General feedback gathered was categorized into positive or negative.  Positive 

comments included ‘all muffins are delicious and tasty; flaxseed-muffins are better than 

soy-muffins; heavy and filling especially the flaxseed-fortified muffins; muffins with flax 

were more preferred than without flax; tasty, and can be consumed plain with coffee 

during breakfast’.   The negative comments for muffins with flaxseed included ‘oily; did 

not enjoy the texture; very chewy or gummy and sticky to the teeth; flavor hard to 

categorize and ordinary; color unattractive; less palatable; and, did not like muffins with 

flax in general’ while for muffins without flaxseed were ‘less-filling, and very dry.  Some 

recommendations were given to improve consumption of muffins with flaxseed, which 

included toasting to prevent gumminess, proper thawing to improve moistness and flavor, 

and to be served with spreads like jam, peanut butter, or cream cheese; while for muffins 

without flaxseed heating was recommended to improve texture, and to top it with icing.      

No studies were conducted prior to this investigation on the comparison of test 

product acceptability between consumers and clinical trial participants making this 

research novel.   Although there was significant difference on the acceptability rating 

scale between the two groups, the mean values per group signified modest deviation from 

each other, which may indicate that the addition of milled flaxseed in muffins can be 

admissible among consumers with varied needs and characteristics.  As mentioned by 
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Padhi et al (2015), consumers nowadays preferred foods that are beneficial to health and 

may be addressed by providing functional foods.    

 

 

Table 5-6 

Results of independent sample t-test on acceptability evaluation of sensory attributes by 

consumers and clinical trial participants of banana and cinnamon muffins with and 

without flaxseed 

Sample Treatments 

Attributes 

 

Consumers 

 

Clinical Trial Participants t 

M SD n M SD n 

Banana muffins with 0g milled flaxseed 

Color1 7.2 1.3 240 6.7 1.6 34 2.17*2 

Aroma1 7.0 1.5 240 6.6 1.3 33 1.65NS2 

Flavor1 7.0 1.4 240 6.4 1.6 33 2.29* 

Texture1 7.2 1.4 240 6.5 1.8 34 2.35* 

Overall Acceptability1 7.1 1.4 240 6.5 1.8 34 1.73NS 

Banana muffins with 20g milled flaxseed 

Color 5.7 1.7 240 6.7 1.5 35 -3.21*** 

Aroma 5.7 2.0 240 6.7 1.3 34 -3.96*** 

Flavor 5.4 1.9 240 7.2 1.2 34 -7.31*** 

Texture 5.5 2.0 239 6.6 1.6 35 -3.44*** 

Overall Acceptability 5.2 1.9 240 7.1 1.3 35 -7.19*** 

Banana muffins with 30g milled flaxseed 

Color 5.2 1.9 240 6.0 1.8 33 -2.30* 

Aroma 5.3 2.2 240 6.6 1.5 32 -4.43*** 

Flavor 4.8 1.9 240 6.7 1.7 32 -5.51*** 

Texture 4.7 2.0 240 5.8 2.4 33 -3.10** 

Overall Acceptability 4.5 1.8 240 6.5 1.9 33 -5.73*** 

Cinnamon muffins with 0g milled flaxseed 

Color 7.4 1.2 236 6.7 1.5 35 2.49* 

Aroma 7.2 1.5 236 6.5 1.4 34 2.52* 

Flavor 7.2 1.4 236 6.4 1.8 34 2.29* 

Texture 7.2 1.5 236 6.1 1.9 35 3.35** 

Overall Acceptability 7.2 1.3 236 6.3 1.9 35 2.88** 

Cinnamon muffins with 20g milled flaxseed 

Color 5.4 1.8 236 6.4 1.5 36 -3.22*** 

Aroma 5.8 1.8 236 6.6 1.3 35 -2.49* 

Flavor 5.5 1.8 236 7.3 1.1 35 -8.53*** 

Texture 5.5 1.8 236 6.6 1.6 36 -3.38*** 

Overall Acceptability 5.4 1.8 236 7.0 1.4 36 -6.29*** 

Cinnamon muffins with 30g milled flaxseed  
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Sample Treatments 

Attributes 

Consumers Clinical Trial Participants 
t 

M SD n M SD n 

Color 4.9 1.9 236 6.1 1.7 34 -3.37*** 

Aroma 5.5 1.9 236 6.6 1.4 33 -3.82*** 

Flavor 5.1 1.8 236 7.0 1.3 33 -7.57*** 

Texture 5.0 1.8 236 6.1 2.2 34 -2.72** 

Overall Acceptability 4.9 1.8 236 6.5 1.8 34 -4.78*** 
 

 

19=like extremely; 8=like very much; 7=like moderately; 6=like slightly; 5=neither like nor 

dislike; 4=dislike slightly; 3=dislike moderately; 2=dislike very much; 1=dislike extremely  
2Not Significant p>0.05, * p<0.05, ** p<0.01, *** p<0.001 

Note.  M = mean; SD = standard deviation; n = total number of population 
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6.  General Discussion 

Correlation between overall acceptability and sensory properties and instrumentation 

results 

 
 

Figure 6-1.   Partial least square (PLS) correlation loadings for X (t1) and Y (t2), where X 

variables ( ) are sensory components comprised of aroma (AR) flavor (FL), taste (TA), texture 

(TE) and color (CO) measured by the trained panel and acceptability measured by the consumer 

panel for six parameters: color, aroma, flavor, texture, overall and FACT (frequency of eating 

the sample) and  Y variables ( ) are chemical and physical measurements.  
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12 muffin samples (Obs) are 0_1_B - 0 g flax, 1 month, banana, 20_1_B - 20 g flax, 1 month, 

banana, 30_1_B - 30 g flax, 1 month, banana, 0_1_C - 0 g flax, 1 month, cinnamon, 20_1_C - 20 

g flax, 1 month, cinnamon, 30_1_C - 30 g flax, 1 month, cinnamon, 0_6_B - 0 g flax, 6 month, 

banana, 20_6_B - 20 g flax, 6 month, banana, 30_6_B - 30 g, 6 month, banana, 0_6_C - 0 g, 6 

month, cinnamon, 20_6_C - 20 g, 6 month, cinnamon, 30_6_C - 30 g, 6 month, cinnamon. 

 

Abbreviations    

BaAR - Banana (Aroma), SwAR - Sweet (Aroma), GrAR- Grain (Aroma), FxAR- Flax (Aroma), 

OiAR - Oil (Aroma), SoAR - Sour (Aroma), CiAR - Cinnamon (Aroma), BaFL - Banana (Flavor), 

SwTA - Sweet (Taste), GrFL - Grain (Flavor), FxFL - Flax (Flavor), OiFL - Oil (Flavor), SoTA - 

Sour (Taste), CiFL - Cinnamon (Flavor), SpTE - Springiness (Texture), FiTE – Firmness 

(Texture), MdTE - Mouth Dryness (Texture), CoTE - Cohesiveness of Mass (Texture), BrCO - 

Brown (Color), Aroma – Aroma acceptability, Color – Color acceptability, Flavor – Flavor 

acceptability, Texture – Texture acceptability, Overall – Overall acceptability, FACT – 

Frequency of eating the sample, Firmness (I) – Firmness by Instrument, SFA - Saturated Fatty 

Acids, OA - Oleic Acid, PUFA - Polyunsaturated Fatty Acids, ALA - Alpha Linolenic Acid, LA - 

Linoleic Acid.    

  

 

The partial least square (PLS) results in Figure 6-1 reveal the correlation between 

the x variables of sensory attributes evaluated in the descriptive analysis and consumer 

acceptability test and the y variables of the instrumentation test.  PLS was used to provide 

a comprehensive graphic illustration of the correlation between overall acceptability of 

muffins and results from consumer evaluation, descriptive analysis, and instrumentation.  

The impact of flaxseed addition and storage condition on these variables was also 

demonstrated.  The 12 samples (2 flavors x 2 storage times x 3 levels of flax) were also 

plotted to illustrate their unique characteristics.   Samples were segregated throughout the 

plot according to the presence of flaxseed and the flavorings added, but were not affected 

by storage duration.  Whether the samples were stored for 1 or 6 months, all banana 

muffins without flaxseed were in the upper right quadrant of the plot, all cinnamon 

muffins without flaxseed were in the lower right quadrant, all banana muffins with 20g 

and 30g flaxseed were on the upper left quadrant, and all cinnamon muffins with 20g and 
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30g were on the lower right quadrant.  The distinction between muffins according to the 

presence of flaxseed was discernible due to the distance between the two groups in the 

plot.  All muffins without milled flaxseed were placed on the right half side of the plot 

while muffins with milled flaxseed are on the left half side.  Although storage duration 

had no significant impact on overall acceptability of muffins, its impact was more 

pronounced on cinnamon muffins with milled flaxseed due to the distance between 

treatments. 

 As illustrated in the plot (Figure 6-1), all muffins without the addition of flaxseeds 

were more acceptable than muffins with 20g and 30g flaxseed in terms of overall 

acceptability and acceptability by preferred consumption frequency.   Acceptability of 

each sensory attribute can be associated with the presence of various sensory intensities 

measured in descriptive analysis, and with the instrumentation results.  Banana and sweet 

aroma improved acceptability of aroma in banana muffins without milled flaxseed while 

flavor acceptability was increased by both banana and sweet flavor.  For cinnamon 

muffins without milled flaxseed, enhancement of aroma acceptability was attributed to 

cinnamon aroma while flavor acceptability was associated with cinnamon flavor.   Color 

acceptability was increased in banana muffins without milled flaxseed due to lightness 

augmentation as indicated by the peak L* mean value while enhanced redness and 

yellowness improved color acceptability in cinnamon muffins without milled flaxseed 

due to high a* and b* mean values.  Improvement on texture acceptability was more 

apparent in cinnamon muffins than in banana muffins without milled flaxseed and can be 

associated with springiness or the ability of muffins to revert back to their original shape 

as well as by the reduction of moistness.   
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Correlation analysis was in congruence with PLS when it revealed that overall 

acceptability was positively and significantly correlated with the same attributes 

intensities.  Springiness (r = 0.413, P < 0.0001) had highest impact on improving overall 

acceptability as compared to the rest of the intensities including mouth dryness (r = 

0.351, P < 0.0001), sweet aroma (r = 0.311, P < 0.0001), banana aroma (r = 0.244, P < 

0.0001), cinnamon flavor (r = 0.236, P < 0.0001), sweet flavor (r = 0.234, P < 0.0001), 

cinnamon aroma (r = 0.194, P < 0.0001), and banana flavor (r = 0.183, P < 0.0001).  L* (r 

= 0.477, P < 0.0001), a* (r = 0.372, P < 0.0001), and b* (r = 0.441, P < 0.0001) were also 

positively correlated with overall acceptability.    

 Overall acceptability of muffins with milled flaxseed was reduced due to the 

presence of various sensory attributes and bioactive compounds including ALA (Figure 

6-1).  The presence of oil aroma and flavor, sour aroma and taste was pronounced in 

banana muffins but not in cinnamon muffins while flax aroma and flavor were 

recognized in both muffins.  Intensity of brown color was also increased in both muffins 

when flaxseed was added.   Hardness was recognizable in cinnamon muffins based on the 

presence of firmness intensity and the results of firmness measurement while increased 

mass cohesion was detected in banana muffins, which can be related to moistness.  These 

sensory properties were associated with milled flaxseed and were detected upon its 

addition.   However, detection of these sensory properties varied according to the 

flavoring used.   Ground cinnamon can mask the presence of sour aroma and taste, and 

oil aroma and flavor while pureed banana can reduce hardness and increase moistness in 

muffins when milled flaxseed was added.  These off-odor and taste can also be attributed 
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to the oxidation of ALA, since its concentration was markedly accelerated when milled 

flaxseed was added.   However, oxidation of ALA was not measured in this study. 

 Based on correlation analysis, brown color (r = -0.526, P < 0.0001) can negatively 

influence overall acceptability compared to other attributes involving cohesiveness of 

mass (r = -0.376, P < 0.0001), flax flavor (r = -0.333, P < 0.0001), flax aroma (r = -0.303, 

P < 0.0001), sour aroma (r = -0.191, P < 0.0001), and sour flavor (r = -0.165, P = 

0.0003).   A negative correlation was also shown with ALA (r = -0.636, P < 0.0001).    

Non-significant negative correlation was seen with oil aroma (r = -0.061, P = 0.1042), 

and firmness (r = -0.106, P = 0.2684).  

Overall acceptability of muffins was markedly governed by attribute intensities 

including springiness, mouth dryness, sweet aroma, banana flavor, sour aroma, and 

brown color; and by instrumentation measurements composed of L*, oleic acid, firmness, 

and ALA as divulged from the stepwise regression analysis.  All factors were grouped 

according to their influences whether positive or negative, and to their category of results 

as either sensory or instrumentation.  Associated beta values for the first group of 

attribute intensities were 0.259, P < 0.0001 (springiness); 0.215, P = 0.0002 (sweet 

aroma); 0.187, P = 0.0005 (mouth dryness); and -0.127, P = 0.0239 (banana flavor), and 

the stepwise model was significant (F4 = 29.47, P < 0.0001).     For the second group 

were -0.508, P < 0.0001 (brown color); and -0.087, P = 0.0390 (sour aroma), and the 

stepwise model was significant (F2 = 83.90, P < 0.0001).   For the third group were 2.192, 

P < 0.0001 (oleic acid); and -1.629, P = 0.0003 (L*), and the stepwise model was 

significant (F2 = 24.39, P < 0.0001).    For the last group were -1.161, P = 0.0025 (ALA); 



 
 
 
 

102 
 

and 0.729, P = 0.0283 (firmness), and the stepwise model was significant (F2 = 8.78, P = 

0.008).    Improvement on the acceptability of muffins with flaxseed can be predicted by 

all the attributes intensities and instrumentation measurements identified since the 

adjusted R2 ranged from 0.209 to 0.586.      

Results showed that the addition of flaxseed contributed to the enhancement of 

flax aroma and flavor, oil aroma and flavor, sour aroma and taste, brown color and 

firmness in muffins, which reduced overall acceptability.  It was also found that muffins 

were preferred to have noticeably sweet aroma and flavor, aroma and flavor distinctive to 

the flavorings used, springy, and lighter in color.  Oleic acid can be associated with 

sunflower oil which was reduced and replaced when flaxseed was added to maintain fat 

levels (Figure 5-1).  ALA and SDG were grouped together with other factors associated 

with flaxseed since both bioactive compounds were found in high amounts in flaxseed.  

Concentrations of these compounds were markedly recognized when milled flaxseed was 

added.  

Results also revealed that acceptability of flaxseed-fortified muffins was higher 

among clinical trial participants as compared to consumers (Table 5-6).  This can be 

associated with the influence of a health claim on cholesterol reduction properties of 

flaxseed.  Acceptability of muffins with flaxseed based on preferred frequency 

consumption increased when health claim was introduced from a range of 5.61-6.0 or ‘I 

would eat this if available but would not go out of my way’ and ‘I like this and would eat 

it now and then’ to a range of 6.4-7.1 or ‘I like this and would eat it now and then’ or ‘I 

would frequently eat this’.   Similar results were shown by Padhi et al when clinical trial 
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participants inclination to soy-muffin consumption was elevated upon the introduction of 

health claim on cholesterol reduction related to soy intake.    
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7.  Conclusions 

 The primary purpose of conducting this study was to determine the impact of 

flaxseed addition on acceptability and functionality of muffins.  Acceptability of 

flaxseed-fortified foods can be influenced by the presence and intensities of sensory 

properties associated with flaxseed while functionality can be attributed to the 

introduction of ALA and SDG, bioactive compounds found in high concentrations in 

flaxseed.  The addition of 20g and 30g milled flaxseed had significantly elevated the 

levels of ALA and SDG in banana and cinnamon muffins but reduce the acceptability of 

sensory attributes including color, aroma, flavor, and texture, overall acceptability, and 

preferred consumption frequency.  Flaxseed augmented the intensities of flax aroma and 

flavor/taste and sour aroma, and decreased the aroma and flavor of banana, sweetness, 

and cinnamon in muffins.  It also made muffins more compact but moist and darker in 

color.  All these attributes markedly reduced the acceptability of banana and cinnamon 

muffins as illustrated in the PLS plot (Figure 6-1).   It was also shown that increasing the 

amount of flaxseed to 30g can markedly reduce overall acceptability and acceptability of 

sensory attributes of muffins which made muffins with 20g flaxseed more preferable.   

Prolonged storage has to be avoided if a softer and moist muffins are preferred.  

However, it did not affect other attributes intensities such as aroma, flavor/taste, and 

appearance except for oil aroma intensity, which had diminished.  ALA concentrations 

remained stable after 6 months of storage even without the application of preservatives 

and it improved extraction efficiency of SDG from the food matrix as well.  Muffins are 

preferred to have sweet aroma, springy, and moist texture and lighter color.  The addition 
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of flaxseeds markedly altered these attributes by decreasing sweet aroma and springiness, 

and darkening the color of muffins.  However, flaxseed can improve the moisture content 

of muffins.  These attributes have to be closely monitored when flaxseed is added to food 

products to promote acceptability.   

When acceptability of muffins with flaxseed was higher among clinical trial 

participants, this suggests that functional food acceptability should be tested in 

individuals with health needs.     Although a significant difference in acceptability of 

muffins with milled flaxseed between consumers and clinical trial participants was 

shown, it also revealed that only a moderate difference exists between the two groups 

‘liking’ mean values.  This indicates that flaxseed-fortified muffins can be acceptable in 

the market considering the changing demands of consumers.   
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8.  Recommendations for Future Research 

 Due to the bioactive components in flaxseed, it has been added to various bakery 

products for functionality enhancement.  The inherent properties of flaxseed may affect 

the sensory properties of foods, which may influence acceptability.  This endeavour will 

be in futility if foods fortified with flaxseed will be unacceptable in the market or by the 

targeted group.   Based on the results outlined in this study, acceptability of muffins by 

consumers fortified with milled flaxseed was significantly reduced due to the elevation of 

sensory intensities associated with flaxseed as assessed by the trained panel.  Flavorings 

used to reduce the negative impact of flaxseed on sensory properties of muffins helped in 

improving acceptability.   A combination of pureed banana and ground cinnamon can be 

utilized in the future as flavorings to muffins with flaxseed since both can mask 

undesirable effect of flaxseed addition.   The efficacy of ground cinnamon in enhancing 

acceptability of flaxseed-fortified muffins can be attributed to the amount used since 

cinnamon muffins contained higher amount of ground cinnamon compared to banana 

muffins.    The amount of flaxseed to be added in foods has to be determined carefully 

since its concentration influenced the intensities of undesirable sensory attributes.   If 20g 

flaxseed produced parallel beneficial effects with 30g, it is recommended to use 20g in 

fortifying muffins with flaxseed since this amount produced lesser objectionable effect on 

sensory properties of muffins. 

 Functional foods were developed to assist in addressing selected chronic diseases, 

and these beneficial effects were measured through clinical trials.   However, studies on 

evaluating the acceptability of functional foods or test products used in clinical trials is 
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scarce.  It is recommended to conduct sensory evaluation of these foods since the purpose 

will not be achieved if consumption is impaired.    Comparing the acceptability of 

flaxseed-fortified muffins between consumers and clinical trial participants done in this 

research is a novelty.  This strategy will provide a better perspective on the utilization of 

food fortification with flaxseed as a tool for enhancing functionality of food products 

since results revealed the comparability of flaxseed-fortified muffins acceptability 

between consumers and clinical trial participants.   If this method will be used in future 

research, the same acceptability assessment procedures have to be implemented in both 

groups to minimize the occurrence of variables, which may affect the final outcome.   
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APPENDIX A 

Proximate composition of banana and cinnamon muffins with and without milled flaxseed 

Components (%) 
Banana Cinnamon 

0g 20g 30g 0g 20g 30g 

Fats  18.73% ± 0.08 
19.01% ± 0.02 19.03% ± 0.05 18.48% ± 0.18 20.35% ± 0.06 

18.57% ± 0.06 

Protein 15.18 ± 0.15 15.86% ± 0.20 16.72% ± 0.18 15.23% ± 0.05 16.42% ± 0.25 16.72% ± 0.16 

Starch  30.97% ± 0.11 
26.16% ± 0.03 22.74% ± 0.06 29.89% ± 0.03 24.93%  ± 0.16 

22.91% ± 0.10 

Insoluble 

Dietary Fibre 
4.35% ± 0.11 

9.83% ± 0.01 9.92% ± 0.02 4.36% ± 0.18 10.40% ± 0.16 
11.69% ± 0.08 

Soluble Dietary 

Fibre 
2.97% ± 0.08 

5.46% ± 0.14 6.09% ± 0.06 3.30% ± 0.13 4.95% ± 0.02 
6.07% ± 0.08 
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APPENDIX B 

Recruitment letter for consumer acceptability evaluation 

 

 

June 27, 2014 

Dear Colleague, 

We are recruiting volunteers to participate in a research study on the acceptability of muffins 

containing ground flaxseed. Flaxseed is a source of soluble fibre and omega-3 fatty acids which 

have been shown to be beneficial in reducing the risk for cardiovascular disease. You would 

have the opportunity to learn a research method for collecting data regarding consumer 

acceptability of a food product.   The only criterion is that participants have no allergies to food 

products. This letter explains what your commitment would be.  If you have any questions 

please call me, Donna Ryland at 204-474-8071 or e-mail donna.ryland@umanitoba.ca. 

Approximately 100 panelists will take part in the study.  There will be two 30 minute sessions 

required to attend during two consecutive weeks - one session for Banana Muffins (week 1) and 

one session for Cinnamon Muffins (week 2).  Select from Option 1 or 2 for signing up for the 

sessions as follows: 

Option 1 

Week 1 - Banana Muffins July 15, 16, 17 (Tuesday, Wednesday, Thursday)  

Week 2 - Cinnamon Muffins July 22, 23, 24 (Tuesday, Wednesday, Thursday) 

Option 2 

Week 1 - Banana Muffins July 29, 30, 31 (Tuesday, Wednesday, Thursday)  

Week 2 - Cinnamon Muffins August 5, 6, 7 (Tuesday, Wednesday, Thursday) 

Times to select from on all of the days are 11:30, 12:00, 12:30 and 1:00. 

Participants will be required to smell and taste samples and respond regarding how much they 

like/dislike the appearance, aroma, flavor, texture, overall acceptability as well as how often 

they would eat them. Other details regarding the commitment are provided in the attached 

consent form.  An amount of $20.00 will be given.  The study will take place on the Fourth Floor 

in the Human Ecology Building. 

Completion of the enclosed questionnaire will confirm that no food allergies exist.  If you are 

interested in helping us with this research notify Donna at 204-474-8071 or e-mail 

    Faculty of Human Ecology 
    Department of Human Nutritional Sciences 

Winnipeg, Manitoba 
Canada R3T 2N2 
Phone: (204) 474-8071 
Fax: (204) 474-7592 



 
 
 
 

129 
 

donna.ryland@umanitoba.ca to schedule times for the two sessions.  Please complete the 

attached consent form and questionnaire and return them by e-mail, fax or mail to confirm 

attendance. 

This research has been approved by the Joint-Faculty Research Board of Ethical Review at the 

University of Manitoba.   If you have any concerns or complaints about this project, you may 

contact the above-named person or the Human Ethics Secretariat at 204-474-7122.   

We hope that you will be able to take part in this research and look forward to hearing from 

you.  Alternatively, if you know of anyone else that might be interested in participating we 

would appreciate it if you could forward this information to them.  Thank you. 

Sincerely, 

Donna Ryland, MSc 

for, 

Dr. Michel Aliani, Associate Professor 

Department of Human Nutritional Sciences 
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APPENDIX C 

Recruitment letter for descriptive analysis 

 

August 26, 2014 

Dear Colleague, 

We are recruiting volunteers to participate in a research study on the color, aroma, flavor, and 

texture of banana and cinnamon muffins containing ground flaxseed. Flaxseed is a source of 

soluble fibre and omega-3 fatty acids which have been shown to be beneficial in reducing the 

risk for cardiovascular disease.  Participants will learn the research methods applied to 

measurement of sensory attribute intensities as well as aspects of their own sensory ability.   

The results will be used in publications and reports.  A potential risk would be allergic reactions 

to food products.  Due to this risk people with food allergies will not be allowed to participate. 

This letter explains what your commitment would be.  If you have any questions please call me, 

Donna Ryland at 204-474-8071 or e-mail donna.ryland@umanitoba.ca. 

Ten to twelve panelists will take part in group sessions (training component) followed by 

sessions where evaluation is done individually.  Training involves group discussion of definitions 

and techniques for measuring color, aroma, flavor and texture attributes and evaluation of their 

intensities in various muffin samples.  Other food products may be used to facilitate these 

discussions and aid in the development of the measuring instrument.  There will be 6 to 8 

training sessions and six individual sessions held three times a week, Tuesdays, Wednesdays and 

Thursdays at 11:30 to 12:15 for a total of 12 to 14 sessions. The first meeting is planned for 

Tuesday September 16 with a projected end date of Thursday, October 16.  An amount of 

$80.00 will be given.  The study will take place on the Fourth Floor in the Human Ecology 

Building. 

Completion of the enclosed questionnaire will confirm that no food allergies exist.  If you are 

interested in helping us with this research notify Donna at 474-8071 or e-mail 

donna.ryland@umanitoba.ca as soon as possible.  Please complete the attached consent form 

and questionnaire and e-mail them back before the first meeting.   

 

This research has been approved by the Joint-Faculty Research Board of Ethical Review at the 

University of Manitoba.   If you have any concerns or complaints about this project, you may 

contact the above-named person or the Human Ethics Secretariat at 204-474-7122.   

 

We hope that you will be able to take part in this research and look forward to hearing from 

Winnipeg, Manitoba 
Canada R3T 2N2 
Tel: (204) 474-8071 
Fax: (204) 474-7592 
donna.ryland@umanitoba.ca 

 

Faculty of Agricultural and Food Sciences                        
Department of Human Nutritional Sciences 
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you.  Alternatively, if you know of anyone else that might be interested in participating we 

would appreciate it if you could forward this information to them.  Thank you. 

 

Sincerely, 

 

Donna Ryland, MSc 

for, 

Dr. Michel Aliani, Associate Professor 

Department of Human Nutritional Sciences 
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APPENDIX D 

Consent form for consumer acceptability 

 

 

 

CONSENT FORM 

Research Project Title: Sensory Evaluation of Banana and Cinnamon Flaxseed Muffins 
Sponsored by:  Agriculture and Agri-Food Canada 
Researchers:  Dr. Michel Aliani (michel.aliani@umanitoba.ca), Amalia Santiago, and Donna 
Ryland, Department of Human Nutritional Sciences  
 
The study is being done to determine the acceptability of muffins containing flaxseed.  A 

potential risk would be allergic reactions to food products.  Due to this risk people with food 

allergies will not be allowed to participate.  Completion by participants of the accompanying 

questionnaire will confirm that no food allergies exist.  As a benefit participants will learn the 

research methods applied to sensory evaluation as well as aspects of their own sensory ability.  

A brief summary of the findings of the research will be e-mailed to those requesting it with the 

invitation to contact the researchers for more information if required. 

Participants will be requested to observe, smell and taste as much as they want of not more 

than six samples each containing about 30 grams.  They will be asked how much they like/dislike 

the appearance, aroma, flavor, texture, acceptability overall, and how often they would eat the 

product.  Responses will be indicated by checking the appropriate descriptor on a category 

scale.  Questions regarding gender, age and frequency of eating muffins will also be asked.  

There will be two 30 minute sessions held at scheduled times during the weeks of July 14, 21, 28 

and August 4 between the hours of 11:30 and 1:00 inclusive as detailed in the cover letter. An 

amount of $20.00 will be given.  The study will take place on the Fourth Floor in the Human 

Ecology Building.   

All data will be recorded anonymously and therefore all participants will remain anonymous.  

Data published will be given as group means with no individual names given.  All data related to 

personal information will be kept in a locked cabinet in Room 400F Human Ecology Building for 

5 years (May 31, 2019) or until data are published whichever comes first. The University of 

Manitoba Research Ethics Board(s) and a representative(s) of the University of Manitoba 

Research Quality Management/Assurance office may also require access to your research 

records for safety and quality assurance purposes.  All data will be shredded after the time has 

expired.   

Your signature on this form indicates that you have understood to your satisfaction the 

Winnipeg, Manitoba 
Canada R3T 2N2 
Phone: (204) 474-8071 
Fax: (204) 474-7592 

  Faculty of Agricultural and Food Sciences 
   Department of Human Nutritional Sciences 
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information regarding participation in the research project and agree to participate as a subject.  

In no way does this waive your legal rights nor release researchers, sponsors, or involved 

institutions from their legal and professional responsibilities.  You are free to withdraw from the 

study at any time, and/or refrain from answering any questions you prefer to omit, without 

prejudice or consequence.  Your continued participation should be as informed as your initial 

consent, so you should feel free to ask for clarification or new information throughout your 

participation.  This study is being conducted by Dr. Michel Aliani, Associate Professor, 

Department of Human Nutritional Sciences, telephone – 204-474-8070, e-mail – 

michel.aliani@umanitoba.ca. 

This research has been approved by the Joint-Faculty Research Board of Ethical Review at the 

University of Manitoba.   If you have any concerns or complaints about this project, you may 

contact the above-named person or the Human Ethics Secretariat at 204-474-7122.   

 

Participant’s Name (Please Print) 

 

 

Participant’s Signature                                                  Date 

Telephone #  _________________  E-mail Address ____________________________________ 

 

 

Researcher and/or Delegate’s Signature                       Date 

Delegate’s contact information: 

Donna Ryland, Sensory Evaluation Specialist 

Room 400 Human Ecology Building 

Telephone – 204-474-8071 

E-mail – donna.ryland@umanitoba.ca  
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APPENDIX E 

Consent form for descriptive analysis 

 

 

CONSENT FORM 

Research Project Title:  Sensory Evaluation of Banana and Cinnamon Flaxseed Muffins - 
Trained Panel 
Sponsored by: Agriculture and Agri-Food Canada                  
Researchers:  Dr. Michel Aliani, Amalia Santiago and Donna Ryland, Department of Human 
Nutritional Sciences 
 
This consent form, a copy of which will be left with you for your records and reference, is only 

part of the process of informed consent.  It should give you the basic idea of what the research 

is about and what your participation will involve.  If you would like more detail about something 

mentioned here, or information not included, you should feel free to ask.  Please take the time 

to read this carefully and to understand any accompanying information. 

The study is being done to evaluate the color, aroma, flavor and texture of food products of 

muffins containing flaxseed.  Six to eight training sessions will be conducted where panelists 

meet as a group to discuss and learn the sensory attributes as well as the scale used to measure 

the intensity of the attributes.  Samples of muffins as well as other products useful in defining 

specific attributes will be tasted to familiarize panelists with procedures.  Six test sessions will be 

held in individual booths.  All sessions will be approximately 45 minutes, three times a week, 

and take place on the Fourth Floor of the Human Ecology Building.  Therefore the total 

maximum time commitment will be approximately 9 to 10.5 hours (12 to 14 sessions at 45 

minutes each) over a 5 week period.  An amount of $80.00 will be given. 

A potential risk would be allergic reactions to food products.  Due to this risk people with food 

allergies will not be allowed to participate.  Completion by participants of the accompanying 

questionnaire will confirm that no food allergies exist.  As a benefit participants will learn the 

research methods applied to sensory evaluation as well as aspects of their own sensory ability.  

A brief summary of the findings of the research will be e-mailed to those requesting it with the 

invitation to contact the researchers for more information if required. 

Panelists will be identified by number and all data related to personal information as well as 

information provided in the training sessions will be kept confidential.  Anonymity will be 

maintained as data published will be given as group means with no individual names given.  All 

personal information and results obtained will be kept in a locked cabinet in Room 400F Human 

Ecology Building for 5 years (May 31, 2019) or until data are published whichever comes first.  

The University of Manitoba Research Ethics Board(s) and a representative(s) of the University of 

Manitoba Research Quality Management/Assurance office may also require access to your 

Faculty of Agricultural and Food Sciences 
Department of Human Nutritional Sciences 

Winnipeg, Manitoba 
Canada R3T 2N2 
Tel: (204) 474-8071 
Fax: (204) 474-7592 
donna.ryland@umanitoba.ca 
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research records for safety and quality assurance purposes. Access to information linking 

panelist to number will be limited strictly to the researchers named above.  All data will be 

shredded after the time has expired.  Results may be used for publications and reports. 

Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject.  

In no way does this waive your legal rights nor release researchers, sponsors, or involved 

institutions from their legal and professional responsibilities.  You are free to withdraw from the 

study at any time, and/or refrain from answering any questions you prefer to omit, without 

prejudice or consequence.  Your continued participation should be as informed as your initial 

consent, so you should feel free to ask for clarification or new information throughout your 

participation.   This study is being conducted by Dr. Michel Aliani, Associate Professor, 

Department of Human Nutritional Sciences, telephone – 204-474-8070, e-mail – 

michel.aliani@umanitoba.ca. 

This research has been approved by the Joint-Faculty Research Board of Ethical Review at the 

University of Manitoba.   If you have any concerns or complaints about this project, you may 

contact the above-named person or the Human Ethics Secretariat at 204-474-7122.   

 

Participant’s Name (Please Print) 

 

 

Participant’s Signature                                                  Date 

Telephone Number _________________  E-mail Address ______________________________ 

 

Researcher and/or Delegate’s Signature                       Date 

Panelist Number ______ 

Delegate’s contact information: 

Donna Ryland, Sensory Evaluation Specialist 

Room 400 Human Ecology Building 

Telephone: 204-474-8071 

E-mail: donna.ryland@umanitoba.ca  
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APPENDIX F 

Questionnaire for consumer acceptability evaluation and descriptive analysis to attest 

non-existence of food allergies 

 

Questionnaire 

Sensory Evaluation of Banana and Cinnamon Flaxseed Muffins 

This information will be kept strictly confidential. 

1. Have you participated on sensory evaluation panels before?   

 Yes____ No ____ If yes, 

 a) What product(s) did you evaluate? 

 _________________________________________________________________ 

 _________________________________________________________________ 

 b) Was training part of the evaluation procedure?  Yes ____ No ____ 

If yes, indicate for which product(s). 

 _________________________________________________________________ 

 _________________________________________________________________ 

2. Are you allergic to any food products?  Yes ____   No ____ 

 If yes, note them below. 

 _________________________________________________________________ 

 _________________________________________________________________ 

3. Are there any foods specifically, or food flavors and textures generally, that you would prefer 

not to evaluate? 

 _________________________________________________________________ 

 _________________________________________________________________ 

Thank you very much for completing this questionnaire. 
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APPENDIX G 

Questionnaire for consumer acceptability evaluation 

Consumer Acceptability Questionnaire 
 
INSTRUCTIONS  
Rinse your mouth with the water provided to cleanse your palate as required. 
 
PART 1 - SAMPLE EVALUATION 
The task is to evaluate your degree of liking of the aroma, color, flavor, texture and the 
overall acceptability of the samples in addition to indicating how often you would eat 
them. 
 

PART 2 - GROUP CHARACTERISTICS 
Respond to the final 3 questions which will enable us to describe our group of tasters. 
 
PROGRAM STEPS 
 
1. CLICK ON START TEST. 
2. CONFIRM 6 different sample codes on tray.  
3. REVIEW instructions. 
4. Select the RIGHT hand direction at the top of the screen to MOVE AHEAD and the 
LEFT direction to GO BACK to previous screens. 
5. FIRST SAMPLE CODE is at the top of the screen.  
6. CLICK ON the appropriate descriptor to record your response.  Responses can be 
changed by selecting the desired descriptor.    
7. COMMENTS can be made at any time. CLICK ON the notebook icon on the top of the 
screen to enter them.  
8. Complete ALL questions for the first sample.   
9. Once completed the NEXT SAMPLE box will appear and the next sample number to 
evaluate will be displayed at the top of the screen.   
10. CONTINUE the same procedure for the remaining five samples.  
11. COMPLETE PART 2 - Group Characteristics. 
12. CLICK ON the RED END BOX to complete your data entry.  
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1.  AROMA 

Remove the cover from the sample, smell it and determine how much you like/dislike the 

AROMA. 

            ○ Like Extremely                                                           

            ○ Like Very Much             

            ○ Like Moderately            

            ○ Like Slightly              

            ○ Neither Like nor Dislike   

            ○ Dislike Slightly           

            ○ Dislike Moderately         

            ○ Dislike Very Much          

            ○ Dislike Extremely 

2.  COLOR 

Look at the sample and determine how much you like/dislike the COLOR. 

            ○ Like Extremely                                                           

            ○ Like Very Much             

            ○ Like Moderately            

            ○ Like Slightly              

            ○ Neither Like nor Dislike   

            ○ Dislike Slightly           

            ○ Dislike Moderately         

            ○ Dislike Very Much          

            ○ Dislike Extremely 

3.  FLAVOR 

Taste the sample and determine how much you like/dislike the FLAVOR. 

            ○ Like Extremely                                                           

            ○ Like Very Much             

            ○ Like Moderately            

            ○ Like Slightly              
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            ○ Neither Like nor Dislike   

            ○ Dislike Slightly           

            ○ Dislike Moderately         

            ○ Dislike Very Much          

            ○ Dislike Extremely 

4.  TEXTURE 

Taste the sample and determine how much you like/dislike the TEXTURE. 

            ○ Like Extremely                                                           

            ○ Like Very Much             

            ○ Like Moderately            

            ○ Like Slightly              

            ○ Neither Like nor Dislike   

            ○ Dislike Slightly           

            ○ Dislike Moderately         

            ○ Dislike Very Much          

            ○ Dislike Extremely 

5.  OVERALL ACCEPTABILITY 

How much do you like/dislike the sample overall? 

            ○ Like Extremely                                                           

            ○ Like Very Much             

            ○ Like Moderately            

            ○ Like Slightly              

            ○ Neither Like nor Dislike   

            ○ Dislike Slightly           

            ○ Dislike Moderately         

            ○ Dislike Very Much          

            ○ Dislike Extremely 

6.  FREQUENCY OF EATING 

Please indicate how often you would eat this sample. 
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           ○ I Would Eat This Every Opportunity I Had                                                           

           ○ I Would Eat This Very Often             

           ○ I Would Frequently Eat This            

           ○ I Like This and Would Eat It Now and Then              

           ○ I Would Eat this If Available But Would Not Go Out of My Way   

           ○ I Don’t Like this but Would Eat It on an Occasion           

           ○ I Would Hardly Ever Eat This         

           ○ I Would Eat This If There Were No Other Food Choices          

           ○ I Would Eat This Only If Forced  

 

GROUP CHARACTERISTICS 

 

Click on the circle next to the descriptor which corresponds to your response.  
ONLY ONE response will be accepted. 
All information will remain strictly confidential. 
 
1.  Gender 

         ○  Female          

         ○  Male 

         ○  Other 

 2.  Age 

           ○ 18 to 24 years                                                         

           ○ 25 to 34 years             

           ○ 35 to 44 years            

           ○ 45 to 54 years              

           ○ 55 to 64 years 

           ○ over 64 years           

3.  Frequency of eating muffins of any type. 

           ○ more than three times a week                                                           

           ○ two to three times a week             

           ○ at least once a week            

           ○ at least once a month              

           ○ occasionally  
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           ○ never 

Thank you very much for taking the time to participate in our study !   

See you at the next session for cinnamon muffins. 
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APPENDIX H 

Questionnaire for clinical trial participants evaluation 

FLAX MUFFIN ACCEPTABILITY QUESTIONNAIRE (Banana & Cinnamon) 

A dose response, randomized, controlled, double-blind, cross-over trial to determine the LDL 
cholesterol lowering effect of ground flaxseed in adults with above optimal plasma LDL 
concentrations. 

 

INSTRUCTIONS 
 
As soon as possible after completing each phase of the study please complete the 
corresponding questionnaires (Phase 1 - pages 2 to 7; Phase 2 - pages 8 to 13; Phase 3 - 
pages 14 to 19) and submit them at the end of the study.  If you have already completed 
the phase please respond based on your memory.  One set of responses is for the 
Banana Muffins and one set of responses is for the Cinnamon Muffins.  
 
 
PART 1 – MUFFIN SAMPLES 
 
The task is to indicate how much you liked or disliked the Banana Muffins and the 
Cinnamon Muffins in terms of the color, aroma, flavor, texture, overall acceptability and 
frequency of eating the muffin. Check the descriptor which corresponds to your 
response. 
Any comments you have about the samples are welcome and can be noted on the 
questionnaire. 
 
 
PART 2 - DEMOGRAPHICS 
 
Responses to the final three questions will enable us to describe our surveyed group. 
Please ensure that all of the required responses are completed.   

 

QUESTIONNAIRE PHASE 1 

PARTICIPANT IDENTIFICATION ________________ 

DATE COMPLETED ________________________  
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Banana Muffins – Phase 1       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely  
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Banana Muffins – Phase 1       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Banana Muffins – Phase 1       ID: 

 

6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced 
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Cinnamon Muffins – Phase 1       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely   
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Cinnamon Muffins – Phase 1       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Cinnamon Muffins – Phase 1       ID: 

 
6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
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Demographics – Phase 1      ID: 
 

All information collected below will remain strictly confidential 

1.  Gender 
             Female          

            Male 

2.  Age 
             18 to 24 years                                                         

             25 to 34 years             

             35 to 44 years            

             45 to 54 years              

             55 to 64 years 

            over 64 years           

3.  Frequency of eating muffins when not involved with the clinical trial. 
             more than three times a week                                                           

             two to three times a week             

             at least once a week            

             at least once a month              

             occasionally  

             never 

Additional Comments:  

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

Thank you very much for completing this questionnaire!   

QUESTIONNAIRE PHASE 2 

PARTICIPANT IDENTIFICATION ________________ 

DATE COMPLETED ________________________  
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Banana Muffins - Phase 2       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely   
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Banana Muffins – Phase 2       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Banana Muffins – Phase 2       ID: 

 
6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced 
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Cinnamon Muffins - Phase 2       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely   
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Cinnamon Muffins – Phase 2       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Cinnamon Muffins – Phase 2       ID: 

 
6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced   
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Demographics – Phase 2       ID: 
 

All information collected below will remain strictly confidential 

1.  Gender 
             Female          

            Male 

2.  Age 
             18 to 24 years                                                         

             25 to 34 years             

             35 to 44 years            

             45 to 54 years              

             55 to 64 years 

            over 64 years           

3.  Frequency of eating muffins when not involved with the clinical trial. 
             more than three times a week                                                           

             two to three times a week             

             at least once a week            

             at least once a month              

             occasionally  

             never 

Additional Comments:  

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

Thank you very much for completing this questionnaire!   

 

QUESTIONNAIRE PHASE 3 

PARTICIPANT IDENTIFICATION ________________ 

DATE COMPLETED ________________________  
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Banana Muffins – Phase 3       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely   
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Banana Muffins – Phase 3       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Banana Muffins – Phase 3       ID: 

 
6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced 
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Cinnamon Muffins – Phase 3       ID: 

1.  COLOR 
How much did you like/dislike the color of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

2.  AROMA 
 How much did you like/dislike the aroma of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

3.  FLAVOR 
How much did you like/dislike the flavor of the muffins? 

             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely   
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Cinnamon Muffins – Phase 3       ID: 

 
4.  TEXTURE  
How much did you like/dislike the texture of the muffins? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 

 
5.  OVERALL ACCEPTABILITY 
How much did you like/dislike the muffins overall? 
             Like Extremely                                                           

             Like Very Much             

             Like Moderately            

             Like Slightly              

             Neither Like nor Dislike   

             Dislike Slightly           

             Dislike Moderately  

             Dislike Very Much  

             Dislike Extremely 
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Cinnamon Muffins – Phase 3       ID: 

 
6.  FREQUENCY OF EATING THE MUFFINS WITHOUT A HEALTH CLAIM 

Please indicate how often you would eat the muffins without a cholesterol lowering claim.  

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced  
 
 
7.  FREQUENCY OF EATING THE MUFFINS WITH A HEALTH CLAIM 

Please indicate how often you would eat the muffins if they had a cholesterol lowering claim. 

             I Would Eat This Every Opportunity I Had                                                           

             I Would Eat This Very Often             

             I Would Frequently Eat This            

             I Like This and Would Eat It Now and Then              

             I Would Eat this If Available But Would Not Go Out of My Way   

             I Don’t Like this but Would Eat It on an Occasion           

             I Would Hardly Ever Eat This         

             I Would Eat This If There Were No Other Food Choices          

            I Would Eat This Only If Forced   
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Demographics – Phase 3      ID: 
 

All information collected below will remain strictly confidential 

1.  Gender 
             Female          

            Male 

2.  Age 
             18 to 24 years                                                         

             25 to 34 years             

             35 to 44 years            

             45 to 54 years              

             55 to 64 years 

            over 64 years           

3.  Frequency of eating muffins when not involved with the clinical trial. 
             more than three times a week                                                           

             two to three times a week             

             at least once a week            

             at least once a month              

             occasionally  

             never 

Additional Comments:  

________________________________________________________________________

_____ 

________________________________________________________________________

_____ 

________________________________________________________________________

_____ 

 

Thank you very much for completing this questionnaire!   
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APPENDIX I 

Aroma, flavor/taste, texture and appearance definitions, method for evaluation, standard 

preparation, manufacturer, and quantity used 

 

Attribute Definition Method for Evaluation Standard 

Preparationa/Manufactur

er/ 

Quantity used 

Banana Aroma and 

flavor/taste 

associated 

with the 

smell and 

taste of 

pureed 

banana 

 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Pureed banana (fresh, Del 

Monte Fresh Produce 

Company, Florida, USA) 

5 g 

Sweet Aroma 

associated 

with the 

smell and 

taste of 

pureed 

banana. 

Flavor/taste 

associated 

with a 5% 
wt/vol 

sucrose 

solution 

 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 
perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Pureed banana (fresh, Del 

Monte Fresh Produce 

Company, Florida, USA) 

5 g 

5% wt/vol sucrose  

(Rogers Fine Granulated 

Sugar, Lantic Inc. 

Montreal , QC) solution 

made with filtered water  

 

Grain Aroma and 

flavor/taste 

associated 

with the 

smell of 

moistened 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

Moistened 5g Whole 

wheat flour (No name, 

Real Canadian Superstore 

Brand, Winnipeg, MB  ) 

with 5g filtered water/10 

g 
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whole 

wheat flour 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Flax Aroma and 

flavor/taste 

associated 

with the 

smell of 

moistened 

ground 

flaxseed 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Moistened 5g milled 

brown flaxseed (Glanbia 

Nutritionals Inc., WI, 

USA) with 5g filtered 

water/10 g 

Oil Aroma and 

flavor/taste 

associated 

with the 

smell of 

moistened 

ground 

flaxseed 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Moistened 5g milled 

brown flaxseed (Glanbia 

Nutritionals Inc., WI, 

USA) with 5g filtered 

water/10 g 

Sour Aroma and 

flavor/taste 

associated 

with the 

smell of 

moistened 

ground 

flaxseed 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

Moistened 5g milled 

brown flaxseed (Glanbia 

Nutritionals Inc., WI, 

USA) with 5g filtered 

water/10 g 
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thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Cinnamon Aroma and 

flavor/taste 

associated 

with the 

smell of 

ground 

cinnamon 

For aroma evaluation, first of, 

place the sample container in 

position for sniffing.  Remove 

the cover.  Take three short 

sniffs and replace the cover. 

For flavor/taste evaluation, first 

of, take a bite of the sample.  

Ensure that the sample 

thoroughly covers all mouth 

surfaces.  Evaluate any flavors 

perceived initially as well as 

those that remain after 

swallowing the sample, i.e., 

aftertastes. 

Ground cinnamon (No 

name, Real Canadian 

Superstore Brand, 

Winnipeg, MB)/0.1 g 

Springiness The time in 

which the 

sample 

returns to 

its original 

size/shape 

(shorter 

time = 

greater 

springiness

) 

Take a bite of the sample.  The 

sample is compressed between 

the molars. 

Brownie, prepared 

according to 

manufacturer's directions 

8 x 8 inch pan for 35 min 

(Duncan Hines chewy 

fudge premium brownie 

mix, Pinnacle Foods 

Canada Corporation, ON, 

CA) 2 x 2cm~2 cm ht    

 

Sponge cake, prepared 

according to 

manufacturer's directions 

in the oven at 400F for 5 

min on cookie sheet  

(Olson's Baking 

Company, Lynnwood 

WA, USA) 2 x 2cm 

about 0.5cm thick 

Firmness  The 

amount of 

force 

required to 

bite 

completely 

Take a bite of the sample.  The 

sample is placed between the 

molars and evaluated when the 

molars meet. 

Sugar cookie, prepared 

according to 

manufacturer directions 

rounded tsp on metal 

cookie pan lined with 

parchment paper; 8 
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through the 

sample 

minute cooktime (Betty 

Crocker Sugar Cookie, 

General Mills Canada 

Corp., ON, CA) 2 x 2cm 

about 0.5 cm thick 

 

White cake, prepared 

according to 

manufacturer directions 

in 9 x 13 in metal pan 

lined with parchment 

paper; 33 minute cook 

time (Betty Crocker  

Super Moist French 

Vanilla, General Mills 

Canada Corp. ON, CA) 2 

x 2 cm~2 cm ht  

Mouth 

Dryness 

The degree 

of change 

(from 

initial 

moist start) 

in mouth 

moistness 

evaluated 

at the 

extreme 

point 

during 

chewing 

Take a bite of the sample.   

Evaluation is made before more 

saliva is produced in the mouth 

to compensate for the dryness. 

Saltine, unsalted top 

(Premium plus, Christie 

B rown & Co., ON, CA) 

¼ of a cracker 

 

Pancake, prepared 

according to 

manufacturer's directions 

1 pancake at a time in 

microwave for 30 on high 

(Eggo Buttermilk Frozen 

Pancakes, Kellogg's, 

Kellogg Canada Inc. 

Mississauga, ON, CA) 2 

x 2cm about 0.5 cm thick 

Cohesivene

ss of Mass 

Degree to 

which the 

mass holds 

together – 

greater 

balling=gre

ater 

cohesivene

ss of mass 

Take a bite of the sample.  The 

sample is evaluated at the 

extreme point of chewing. 

White bread (Wonder 

White Bread, Wonder, 

Weston Bakeries 

Limited, ON, CA) 4 x 4 

cm, cut off crusts 

  

Bagel (Dempster's 

Original bagel, Canada 

Bread Company,  

Limited, ON, CA) 2 x 2 

cm ~2 cm ht   

Brown 

Color 

Color 

associated 

Select the first sample to 

evaluate which is on the far left 

Cooked wafer, 

thoroughly mix the 3 
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with the 

color of 

cooked 

wafer 

side of the screen and place it on 

the circle at the front of the 

table.  Remove the cover. Look 

at the sample and mark at the 

point that corresponds to the 

intensity of the brown color. 

Replace the cover. Continue in 

the same manner for the 

remaining samples working your 

way from left to right as the code 

numbers appear across the 

screen. 

ingredients, roll to 2-3 cm 

thick, cut with 3 cm 

diameter cutter; bake at 

3500F for 7 min 

 

a Placed in 60 ml plastic portion cup and covered with plastic lid within 2 hours before 

the evaluation and served at room temperature. 
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APPENDIX  J 

Questionnaire for descriptive analysis 

Descriptive Analysis Questionnaire 

Sample Order 
________    _________    _______   ________    ________   ________ 
 
Rinse your mouth with water completely before evaluating each sample. 

As noted below evaluate the intensity of the aroma attributes first for all of the samples 

followed by the flavor attributes and finally the texture attributes.  

The order to evaluate the samples is listed from left to right at the top of the screen. Click on the 

line at the point corresponding to the intensity of the attribute. 

Comments are welcome and can be noted by clicking on the notebook icon at the top of the 

screen.  

AROMA EVALUATION 

Place the sample container in position for sniffing. 
Remove the cover. 
Take three short sniffs and replace the cover. 
 

FLAVOR EVALUATION 

Take a bite from the pointed end of the wedge of the sample. 
Chew the sample thoroughly making sure the sample covers all of the surfaces of your mouth. 
  

TEXTURE EVALUATION 

If required cut the point from the top of the muffin to leave about 2 cm of the bottom to be 

evaluated. 

Following aroma, flavor and texture proceed to the station number as directed for the color 

evaluation. 
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Aroma Attribute Intensities 

Banana  

_______________________________________________________________________  

low                   high 

Sweet  

_______________________________________________________________________   

low                   high 

Grain 

_______________________________________________________________________   

low                   high 

Flax 

_______________________________________________________________________   

low                   high 

Oil  

_______________________________________________________________________   

low                   high 

Sour 

_______________________________________________________________________   

low                   high 

Cinnamon  

_______________________________________________________________________   

low                   high 

 

Flavor Attribute Intensities 

Banana 

_______________________________________________________________________  

low                   high 

 



 
 
 
 

171 
 

Sweet 

_______________________________________________________________________   

low                   high 

Grain 

_______________________________________________________________________   

low                   high 

Flax 

_______________________________________________________________________   

low                   high 

Oil 

_______________________________________________________________________   

low                   high 

Sour 

_______________________________________________________________________   

low                   high 

Cinnamon  

_______________________________________________________________________   

low                   high 

 

Texture Attribute Intensities 

Springiness 

Definition: The time in which the sample returns to its original size/shape (shorter time = greater 

springiness). 

Procedure: The sample is compressed slightly between the molars. 

_______________________________________________________________________  

low                   high 

Firmness 

Definition: The amount of force required to bite completely through the sample. 
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Procedure: The sample is placed between the molars and evaluated when the molars meet.  

_______________________________________________________________________   

low                   high 

Mouth Dryness 

Definition: The degree of change (from initial moist start) in mouth moistness evaluated at the 

extreme point during chewing. 

Procedure: Evaluation is made before more saliva is produced in the mouth to compensate for 

the dryness. 

_______________________________________________________________________   

low                   high 

Cohesiveness of Mass 

Definition: Degree to which the mass holds together – greater balling=greater cohesiveness of 

mass. 

Procedure: The sample is evaluated at the extreme point of chewing. 

_______________________________________________________________________   

low                   high 

 

Color Attribute Intensity 

Please place the plate of the coded sample to be evaluated on the circle as indicated. 

Observe the sample and note the brown color.  Place a vertical line across the horizontal line 

corresponding to the intensity. 

Brown Color 

_______________________________________________________________________  

light                   dark 

 

 

 

 

 


