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ABSTRACT 

Product information given to consumers can be used to improve food choices; however, 

consumers may respond differently depending on the given information. Nutritional information 

can serve as an instrument to positively influence healthier food choices and purchase intent. The 

market for gluten-free products reached $5.5 billion in 2015; however, there is a need for 

development of acceptable gluten-free and sugar-free products driven by consumers who are 

nowadays more health conscious. Muffin, a high calorie baked-good product, is very popular 

among consumers and known for its pleasant aroma and sweet taste qualities. There are a 

number of commercial gluten-free muffin products, but only a few gluten-free sugar-free or 

reduced-sugar muffins. Therefore, the purpose of this research was to evaluate effects of 

reducing the sugar level and health benefit statements on the physicochemical properties and 

consumer acceptability, emotion and purchase intent of gluten-free banana muffins using stevia 

as a sucrose replacement at varying levels (0, 50, and 100%). Reducing sucrose by 50% did not 

significantly decrease consumer acceptability (color, odor, taste, sweetness, moistness, softness, 

stickiness and overall liking), positive emotions (calm, good, happy, healthy, pleasant, pleased, 

satisfied and wellness) and purchase intent before health benefit information was displayed. 

However, reducing sucrose by 100% had significantly negative effects on consumer acceptability 

and positive emotions (calm, good, happy, pleasant, pleased and satisfied). Health benefit 

statements had a positive effect on overall liking, purchase intent, and intensities of the emotions 

calm, good, happy, healthy and pleased for both 50 and 100% sucrose reductions. Additionally, 

the emotions happy and wellness became significant predictors of purchase intent after health 

benefit statements were provided. Overall, sugar reduction affected physicochemical and 

consumer perception of gluten-free banana muffins. Adding 100% Stevia tended to decrease 
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liking scores, and this negative effect was more pronounced for sweet and taste-related attributes 

than for texture and color-related attributes. The reduced-sugar formulation containing 50% 

sucrose presented acceptable sensory and physicochemical qualities. 
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CHAPTER 1. INTRODUCTION 

Taste, cost, convenience and nutrition/health are considered the primary food choices that 

motivate consumers when purchasing food items (Glanz and others 1998). The healthfulness of 

food is commonly determined by the nutrition information and claims on the packaging 

(Pohjanheimo 2010), and is increasingly becoming an important factor influencing consumer 

choice of food products (Connors and others 2001). These extrinsic factors are known to affect 

consumer behavior regarding purchase decision, perception of product quality and wellness 

(Pohjanheimo 2010; Deliza and MacFie 1996). Gluten-free and sugar reduced products represent 

clear examples of this present phenomenon among consumers. 

The gluten-free diet has gained substantial popularity in the general population (Pietzak 

2012), with the number of consumers purchasing gluten-free products much higher than the 

number of patients clinically diagnosed with Celiac Disease (Pellegrini and Agostoni 2015). 

Furthermore, when consumers were asked why they purchased such items, the number one 

reason was because they perceived gluten-free foods to be healthier than their gluten containing 

counterparts (Marcson 2011). However, despite these perceived health benefits for the gluten-

free diet, there is no publishable evidence validating a gluten-free diet as beneficial for the 

general population (Gaesser and Angadi 2012). Johansen and others (2009) studied the effects of 

fat and sugar content information on liking and purchase intent of yogurt. The study found 

significant increases in hedonic ratings and positive purchase intent after information about low 

sugar content was given, but not for fat content, for health conscious consumers (Johansen and 

other 2009). Poonnakasem and others (2016) recently studied effects of different oils and health 

benefit statements on liking, emotion and purchase intent of sponge cakes. Following awareness 

of the health benefits of the different oils, product liking, positive purchase intent and emotions 
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scores all increased, while intensity of negative emotions decreased. These studies illustrate how 

perception of food based off the provided product information can influence consumer liking, 

acceptance and purchase intent. 

Diabetes, a disease that affects more than 29.1 million Americans is a common health 

issue in the United States (Centers for Disease Control and Prevention 2014). Diabetes is a 

manageable disease that can be controlled with proper medication and a healthy diet and lifestyle 

(Centers for Disease Control and Prevention 2014). In diabetes management, patient education is 

critical as reducing or eliminating gluten has been shown to greatly reduce symptoms, not only in 

persons with celiac disease but also in individuals suffering from type 1 diabetes mellitus 

(Centers for Disease Control and Prevention 2014). The association between celiac disease and 

type 1 diabetes mellitus suggests that gluten may play a role in the pathogenesis of type 1 

diabetes mellitus (Smyth and others 2008). Current estimates place the prevalence of celiac 

disease in patients with Type 1 diabetes mellitus at approximately 5% although a wide range has 

been reported (Holmes 2002; Leonard and others 2015).  

Celiac disease, an autoimmune disorder generated by the ingestion of gluten in 

genetically susceptible individuals causes damage in the small intestine (World Health 

Organization 2015). According to the World Health Organization (2015), the autoimmune 

disorder affects 1 in 100 people worldwide, with 2.5 million Americans going undiagnosed of 

this disease. As of now, the only known treatment is total elimination of gluten containing food, 

which leads to recovery of the intestinal mucosa (Green and Jabri 2003). In general there has 

been a slight increase in commercialized gluten-free items, although they regularly contain 

excessive amounts of sugar. Products that are gluten-free are not necessarily sugar reduced, as a 

result, there is an increasing need for these products as the numbers of food allergies and/or 
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intolerances have increased comparatively. Furthermore, the World Health Organization (WHO) 

has released new guidelines advising children and adults to reduce their daily intake of free 

sugars to only 10% of their total energy intake. Yet, the only accepted way to reduce sugar and 

energy in food is to use zero calorie sweeteners (Poppitt 1995), as they still give foods their 

desired sweet-like taste. Zero calorie sweeteners, properly referred to as nonnutritive sweeteners, 

can be beneficial when replacing sucrose in baked goods as they are indigestible in the body and 

are 200-600 times sweeter than sucrose, requiring lesser amounts in a formulation (Viscoine 

2005).  

Accordingly, the need for gluten-free and sugar-free items have increased dramatically 

along with consumer consciousness about health-related issues and food-induced illnesses. As 

regards the increase in awareness of diet-related chronic diseases, the food industry has taken 

initiatives to develop reduced-sugar foods with comparable sensory attributes to its high sugar 

counterparts. As more research has been reported on the association between gluten-free and 

sugar-reduced diets, its relationship is one that cannot be ignored. 

Muffins, a high calorie, popular, baked good item are known for their pleasant aroma, 

sweet tasting qualities and high consumer acceptance. Sweeteners are important ingredients in 

muffins, with sucrose being the most common as it is responsible for the sweetness, flavor, 

texture formation, volume increase, crust color, shelf-life and moisture retention of the muffin 

(Cross and others 2006). Because of its range of benefits, baked goods that are sucrose reduced 

commonly result in a reduced batter viscosity, which causes a low volume and poor structural 

formation (Manisha and others 2012). While sucrose is the most common sweetener in baked 

goods, it is not fitting for all food applications. Therefore, alternative sweeteners can be of great 

use as they can be used to provide functionality, reduce caloric intake, control diabetes, minimize 
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occurrence of dental caries and assist in cost reduction (O’Donnell and Kearsley 2012). 

Investigation of sucrose substitution and reduction is therefore necessary for the creation of 

gluten-free baked goods with color, texture and flavor characteristics similar to traditional baked 

goods.  

 

1.1 Objectives 

The primary purpose of this research was to evaluate effects of sugar reduction on the 

quality and consumer perception of gluten-free muffins.  

Specifically, the objectives were: 

i. To determine effects of stevia at varying levels (0, 50, and 100%) on the 

physicochemical quality, consumer acceptability, purchase intent and 

consumer emotions when utilized as a sucrose alternative in gluten-free banana 

muffins formulations. 

ii. To evaluate impact of gluten free and sugar reduced health benefit statements 

on consumer liking, emotion and purchase intent. 

  



5 
 

CHAPTER 2. LITERATURE REVIEW 

2.1 Sucrose Function in Baking 

As consumer interest in health foods has risen, so has the demand for sucrose reduced 

products that yield the same or similar sensory qualities. For this reason, creating highly 

acceptable sugar reduced products that are low in calories and have similar taste, flavor 

perception and mouth feel to its high sugar counterparts, could be beneficial to the food industry. 

Muffins, a high calorie small domed cake, are known for its sweet tasting characteristics. 

These sweet tasting qualities can be attributed to the sucrose in the dough formulation. Sucrose, a 

key ingredient in muffins, plays a significant role in the bulk, structural and textural properties of 

overall muffin dough. Its functions extend beyond its use as a sweetener and flavor enhancer as it 

is imperative for the overall dough quality in baked goods (Tzia and others 2012). 

 

2.1.1 The Maillard reaction and browning 

In baked goods, with the addition of liquid, sucrose undergoes conversion to glucose and 

fructose, converting it into a reducing sugar (Davis 1995). The combination of the two reducing 

sugars, protein, from a molecule containing amine and the addition of heat allows for the onset of 

the Maillard reaction (McWilliams 2008).  The potential end products of the Millard reaction are 

melanoidins, which provides not only the brown crust color of the desired baked good but also 

the wonderful nutty or caramel flavor, depending on the preferred final product (González-Mateo 

and other 2009). Melanoidins range from colors of intense yellow and brown with orange and 

reddish shades (González-Mateo and other 2009). Further compounds created by the Maillard 

reaction include aldehydes, ketones, and pyrazines (Chinachoti 1995). These reactions can be 
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responsible for the overall quality of the final product subsequently determining consumer 

acceptance and preference (McWilliams 2008). The degree to which each compound is created is 

affected by external conditions, which differ depending on the formulation and processing of the 

product (González-Mateo and others 2009). “Favorable conditions for the Maillard reaction 

include (1) temperatures above 50° C; (2) pH of 4-7, (3) an intermediate moisture content, and 

high protein and carbohydrate contents.” (Ramírez and others 2000). An adjustment in the type 

of amount of sugar is known to influence the Malliard reaction rate, affecting some of these 

conditions. A study conducted by Gallagher and others (2003) investigating baked biscuits 

supports this concept, finding that browning drastically decreased when sucrose was reduced or 

removed.  

 

2.1.2 Moisture retention and water activity 

Water activity, is a critical factor in determining the overall food product shelf-life and 

quality. In the food industry sucrose is commonly used as a humectant, providing moisture 

retention of countless baked goods (Figoni 2004). Humectants are known to bind water and 

control water activity (aw), restricting the ability of microorganisms to grow (Cauvin & Young 

2006).  Overall crumb tenderness and texture in wheat containing baked goods is greatly 

dependent on the interactions between sucrose and other ingredients, which provide moisture 

retention of the batter (Figoni 2008). Baked goods made with a higher content of sugar have a 

longer shelf-life, which consumers tend to prefer when purchasing food products. As a result a 

modification in sugar type or content in a food formulation should be investigated for its effects 

on the final product aw and shelf-life (Figoni 2008). 
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2.1.3 Texture  

Additionally, an important role sucrose has in baking is its ability to retard gluten 

formation. In baking, sucrose acts as a tenderizer by retarding and restricting gluten formation in 

flours during mixing, thru limiting the water absorption of the flour components, therefore 

preventing the toughening of gluten (Kim 1994). The addition of the correct amount of sugar is 

imperative as it allows for the gluten protein to maintain its elastic nature, which allows for 

gasses to be held within the batter (Figoni 2008). If too much gluten develops, the dough will 

become tough and undesirable (Kim 1994). Generally speaking, the more sucrose added, the 

more tender the baked goods will be. Although, the addition of too much sucrose produces baked 

goods that do not rise properly, resulting in an inadequate structure after cooling (Figoni 2004).   

 

2.1.4 Physical structure 

Another important requirement for an acceptable muffin is the adequate formation of a 

structural framework of starch granules and protein. Sucrose plays an important role, having the 

ability to reduce starch gelatinization temperature, delaying egg protein denaturation allowing air 

bubbles to properly expand, by the carbon dioxide and water vapor (Rosenthal 1995). This 

improves the microstructure, porosity and allows for volume increase (Rosenthal 1995). Thus, 

the amount of sugar added to the batter can be manipulated to increase or reduce the height of 

baked good. Additionally, reducing starch gelatinization creates a finer texture and crumb color. 

During, the final stages of baking the batter changes from an emulsion, to a porous structure 

when the proteins coagulate and the wheat starch gelatinizes together. This stage provides the 

necessary strength to the baked good to resist the stress resulting from cooling (Equipment M.B 

1979).  
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2.2 Physical and Chemical Properties of Sucrose 

Sucrose, also known as table sugar or saccharose is a non-reducing disaccharide 

(Vardakas and others 2012). Disaccharides are molecules containing 2 monosaccharide units.  

Sucrose is composed of a ∝-D-glucopyranosyl unit and a 𝛽-D- fructofuransoyl unit liked with a 

∝- D- glysoscic bond with a chemical formula C12H22O11 (Vardakas and others 2012). To be 

used as energy for humans, sucrose has to be hydrolyzed into D- gluclose and D-fructose by the 

enzyme sucrase, which is found in the human intestinal tract (Vardakas and others 2012). 

Sucrose is a nutritive sweetener as it provides calories when consumed (Brown and 

Rother 2012). Sucrose a hygroscopic molecule has the ability to hold water and is readily soluble 

in water (Davis 1995). Solubility of sucrose increases as temperature increases and has a melting 

and decomposition temperature of 186° C forming caramel (Davis 1995). Sucrose is also 

effective in lower temperature foods (Vardakas and others 2012). The sufficient production of 

ice creams and other frozen desserts is dependent on the development of fine crystals to aid in 

product smoothness (Vardakas and others 2012). 

 

2.3 Sensory Properties of Sucrose 

Sucrose is universal in food preparations due to its unique sweetening and functional 

properties, hence its high preference and liking among humans. It is said that human are born 

with a natural liking for sweetness (Sullivan and Birch 1990), as humans have readily consumed 

sweet foods since the beginning of time. Sugars and other sweeteners alike are measured by their 

sweetness intensity. Sweetness, perceived by taste, is one of the four fundamental sensations 

(Nabors and Geraldi 1991). In comparison with other sugars, sucrose is rated a 100 on the point 

scale (Vardakas and others 2012). However, it is difficult to measure sweetness as sweetness 
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perception is affected by factors such as sugar concentration, temperature, pH, the viscosity of 

the carrier medium, and the specific ability of the each person to taste depending on their 

detection threshold (Vardakas and others 2012). Additionally the type of evaluation technique 

and panelist demographics, also both affect the results of a sensory evaluation test of sweetness 

(Bower and Boyd 2003). 

 

2.4 Nonnutritive Sweeteners - Stevia 

Nonnutritive sweeteners are sweeteners that contain few or no calories or nutrients. They 

are of high use in the food industry as they are many times sweeter than sugar, allowing for a 

reduced amount when added in foods. Currently, in the United States there are eight nonnutritive 

sweeteners that are approved for use in the United States as food additives by the Food and Drug 

Administration , which include saccharin, aspartame, acesulfame potassium, sucralose, neotame, 

advantame, steviol glycosides, and luo han guo fruit extracts (FDA 2015). 

 The nonnutritive sweetener steviol glycosides come from stevia.  “Stevia,” is a 

name commonly used for the extracts from the leaves of a Stevia plant  (Anton and others 2010). 

Stevia is a genus from the Asteraceae family, containing over 230 different species. It is native to 

the Amambay region of Northeastern Paraguay and has also been known to grow in the 

subtropics of Brazil and Argentina, where its dry leaves have been used for many years, as a 

natural sweeting agent (Soejarto 2002). Out of all the species only two plants, Stevia rebaudiana 

and Stevia phlebophyll have sweet tasting qualities (Kim and Kinghorn 2002). However, over 

the years, the species, stevia rebaudiana has gained substantial interest of food companies as it 

provides sweetness without the additional calories or nutritional drawbacks. However, the 

presence of bitter compounds incorporated during the extraction process has caused low 
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consumer acceptance in some food items (Kim and Kinghorn 2002). Nonetheless, there are 

various benefits of using stevia, particularly for baked items. 

 

2.4.1 Stevia function in baking 

The sale of leaves of Stevia is growing in the natural food market as its functional and 

sensory properties, are superior to those of many other nonnutritive sweeteners (Goyal and others 

2010). Its functional properties are so advantageous, it’s had wide range use for sugar 

substitution in products like soups, gravies, dough’s and frozen desserts (Lemus-Mondaca and 

others 2012). 

Stevia leaf powder has been shown to have a high water holding capacity due to its high 

protein content (Lemus-Mondaca and others 2012). An important function in viscous foods like 

dough’s and baked products are proteins ability to increase water-holding capacity and 

enhancing the swelling ability (Lemus-Mondaca and others 2012). In addition, proteins also are 

known to aid in the formation and stabilization of emulsions in cakes and batters (Lemus-

Mondaca and others 2012).  

In baked products such as muffins, flavor and mouth feel are of great importance 

(Lemus-Mondaca and others 2012). Stevia leaf powder has been shown to possess fat absorbing 

ability, which adds flavor to and increases mouthfeel of products (Lemus-Mondaca and others 

2012). However browning and caramelization are not functions of stevia as it is reasonably 

thermal stable under elevated temperatures (Lemus-Mondaca and others 2012).   
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2.4.2 Physical and chemical properties of Stevia 

The chemical compositions of Stevia rebaudiana’s leaves extracts are greatly dependent 

on the cultivation process of the leaves (Genus 2003). The major use of this plant is from its 

naturally occurring sweetening steviol glycosides, which can easily be extracted with water 

purified, concentrated, and dried (Carakostas and others 2008). Steviol glycosides are diterpenes, 

isolated and identified as stevioside, steviolbioside, rebaudioside A, B, C, D, E, F and dulcoside 

(Genus 2003). Table 1, shows the various steviol glycosides and their receptive R-Groups. 

Steviol glycosides constitute roughly 15% of the plants dry leaf (Giraldo and others 2005) and all 

have the same steviol backbone that differs mainly in the content of carbohydrate residues (R1 

and R2), mono-, di-, and trisaccharides containing glucose and/or rhamnose at positions C13 and 

C19 (Kochikyan and others 2006).   

The stevia plant is also known to be a good source of protein, dietary fiber, minerals and 

essential amino acids (Abou-Arab and others 2010).  Stevia has been identified to contain 

elements such as potassium, calcium, magnesium, sodium, zinc and iron (Kobus and Gramza 

2015). Stevia is of such high consumer acceptance as it not only adds sweetness but is low 

calorie having only 2.7kcal/g (Kobus and Gramza 2015). The reason that is has such a low 

calorie count is because stevia only decomposes slightly in the gastrointestinal tract (Kobus and 

Gramza 2015).  
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Table 1 Steviol Glycosides and their receptive R-Groups 

*Structure of the major glycosides of Stevia rebaudiana leaves. Glc, Xyl, and Rha represent, 

respectively, glucose, xylose, and rhamnose sugar moieties (Genus 2003). 

 

 

Compound Name 

 

R1 

 

R1 

 

Steviol H H 

Steviolbioside H 𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1)* 

Stevioside 𝛽 − 𝐺𝑙𝑐 𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 

Rebaudioside-A 𝛽 − 𝐺𝑙𝑐 

𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 
| 

𝛽 − 𝐺𝑙𝑐(3 → 1) 

Rebaudioside B H 
𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 

| 

𝛽 − 𝐺𝑙𝑐(3 → 1) 

Rebaudioside C 

(Dulcoside B) 
𝛽 − 𝐺𝑙𝑐 

𝛽 − 𝐺𝑙𝑐 − 𝛼 − 𝑅ℎ𝑎(2 → 1) 
| 

𝛽 − 𝐺𝑙𝑐(3 → 1) 

Rebaudioside D 𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 
𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 

| 

𝛽 − 𝐺𝑙𝑐(3 → 1) 

Rebaudioside E 𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝐺𝑙𝑐(2 → 1) 

Rebaudioside F 𝛽 − 𝐺𝑙𝑐 

𝛽 − 𝐺𝑙𝑐 − 𝛽 − 𝑋𝑦𝑙(2 → 1) 
| 

𝛽 − 𝐺𝑙𝑐(3 → 1) 

Dulcoside A 𝛽 − 𝐺𝑙𝑐 𝛽 − 𝐺𝑙𝑐 − 𝛼 − 𝑅ℎ𝑎(2 → 1) 
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2.4.3 Sensory properties of Stevia 

The different steviol glycosides: stevioside 110-270, Rebaudisode A 150-320, 

Rebaudisode C 40-60 and dulcoside 30, not only differ in molecular structure, but also in their 

sweetness properties (Genus 2003), with rebaudiose A and stevioside being the most occurring 

(Genus 2003). Stevioside is found at a higher percentage than Rebaudioside-A, however, 

Rebaudioside-A is sweeter and less bitter than stevioside having one less glucose moiety, thus 

has the greatest potential for replacing sucrose in baked goods (Genus 2003). 

 

 

Figure 1 Comparison of the chemical structures of rebaudioside A (left) and stevioside (right) 

Source: Genus (2003). 

 

However, many alternative sweeteners have been linked to off-flavors in baked goods 

items, with their presence being easily detected through sensory evaluation techniques. A study 

conducted by Cardos and Bolini (2008) evaluated the sensory attributes most elicited by stevia 
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using the Quantitative Descriptive Analysis technique. The analysis showed that the attributes of 

bitterness, residual bitterness and residual sweetness were most elicited by stevia (Cardoso and 

Bolini 2008). Consequently, off-flavors have been associated with lower consumer purchase 

intent and acceptability. The off-flavors can be as a result of the extraction process as many 

processes use ethanol, methanol, or even rubbing alcohol to extract and purify the compounds 

(Puri and others 2012). 

 

2.4.4 Safety of Stevia 

In 2008, purified steviol glycosides received the Generally Recognized As Safe (GRAS) 

status for general-purpose sweetener in foods (FDA 2015). Before this, stevia extracts were only 

legally sold in the United States as “dietary supplements,” not to be advertised or sold as a 

sweetener (Carakoras and others 2008).  Presently, stevia is considered a natural sweetener since 

it is derived from a plant (Jamieson 2008), with many plant glycosides showing uses as an anti-

diabetic, anti-obesity, antibacterial and also used in cancer prevention (Bernal and others 2011).  

In general, stevia is non-cariogenic and show no allergic reactions or adverse effects 

when used in food items (Abou-Arab and others 2010), and is a safe non-calorie sweetener for 

diabetics, as it does not affect blood sugar levels (Lemus-Mondaca and others 2012).  Moreover, 

stevia is not only safe but could have beneficial effects on human health (Abou-Arab and others 

2010), as it exhibits medicinal properties being used as an anti-inflammatory, anti-hypertensive, 

anti-hyperglycaemic, anti-diarrhoeal and also has been used to treat cancer (Lemus-Mondaca and 

others 2012). For this reason, variations of steviol glycosides are used in an abundance of 

industrial foods including soft drinks, fruit juices, desserts, frozen items, candy, sauces, sweet 

corn, breads, biscuits and Table-top sweetener (Lemus-Mondaca and others 2012). 



15 
 

2.5 Health Effects of Gluten 

Genetic predisposition, environmental factors and immunologically-based inflammation 

are known to be the three factors that contribute to the onset of celiac disease (Murray 1999).   

The gliadin fraction in gluten-containing grains is the instigator leading to an immunogenic 

response in individuals with Celiac Disease. The immune response to gliadan produces toxins 

that destroy the villi in the small intestine. Villi are, small finger shaped objects that line the wall 

of the intestine to help the body absorb nutrients in food such as iron, folate, vitamin B12, 

calcium, proteins, fats, and fat-soluble vitamins (Mcgill 2005). If damage is not detected early it 

can led to malnutrition, permanent damage to the small intestine and other serious health 

conditions (Fasano 2009) and even when no symptoms are present damage can still occur 

(Mugema 2009). 

 

2.5.1 Celiac disease 

Celiac disease is an autoimmune disorder is caused by the ingestion of gluten containing 

grains (wheat, rye, barely) in genetically susceptible individuals. The occurrence of celiac 

disease is increasing due to improved medical diagnoses and awareness of the disease, with more 

than two million Americans going undiagnosed (World Health Organization 2015). Gluten, 

typically an “essential” constituent in muffins, is known for its elastic properties, structural 

formation qualities, and for its contribution to the overall appearance and crumb structure of 

many baked products. For this reason, removal of gluten in baked goods often results in a lower 

quality, decreased mouth feel and lower overall flavor of the final product (Gallagher and others 

2003). However, gluten must be removed from the diets of individuals with celiac disease as it 

causes intestinal damage (Sciarini and others 2008). 
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2.5.2 Population that needs to avoid gluten 

Not long ago, the geographic distribution of celiac disease was mostly in developed 

western countries (Catassi and Fasano 2008). However, new epidemiological studies have 

proven that the disease is more geographically dispersed, with as many as 1 in 100 people 

worldwide being affected with this disease (World Health Organization 2015). Celiac disease, 

affects both adults and children, being more predominant in the female population at a ratio of  

(3:1) (Green and Cellier 2007). Digestive issues are more commonly seen in infants and children, 

common symptoms include: abdominal bloating, chronic diarrhea, votming, constipation, weight 

loss, fatigue, failure to thrive, Attention Deficit Hyperactivity Disorder (ADHD), irritability and 

behavior issues (World Health Organization 2015). However, adults are less prone to having 

digestive issues, with common symptoms for adults include: anemia, arthritis, bone loss, bone or 

joint pain, depression or anxiety, seizures, infertility and missed menstrual periods (World 

Health Organization 2015). 

 

2.5.3 Treatment of Celiac disease 

While there are an excess amount of symptoms, diagnosis of celiac disease is commonly 

misdiagnosed as symptoms closely relate to other common bowl disorders, like irriTable bowl 

syndrome (Fasano and Catassi 2005). Moreover, currently the only treatment for celiac disease 

known is a lifetime adherence to a gluten-free diet. Which is easier said than done, as gluten is a 

common ingredient in baked goods. For this reason, before adhering to gluten-free diet 

individuals should verify that they do in fact have Celiac Disease.  An endoscopic biopsy of the 

small intestine is commonly used to confirm diagnosis of celiac disease after a patient has been 

screened for the celiac disease antibody using a tTG-IgA test (Fasano and Catassi 2005). 
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However, in the last few years, drug therapy research has been studied with expectations of the 

market to reach $8 billion by 2019 as there has been encouraging development in natural food 

based drugs like thymus extract, quercetin and enzymes (Fasano and Catassi 2005). 

 

2.6 Gluten-Free Flours 

The structure of baked goods is mainly dependent on the flour being used as different 

flours have different functional properties. Baked goods are typically created with wheat flour 

that is usually enriched with vitamins, minerals and fiber. Wheat dough helps with its foam 

structure as wheat dough is a colloidal system with hydrated biopolymers consisting the 

continuous phase and the dispersed phase consisting of carbon dioxide (Gan and others 1995). 

Thus, gluten-free baked goods cannot be counted on to provide that same nutrients or structure as 

gluten-free batters are more gel like as they are colloidal systems with starch particulates making 

up the continuous phase and water constituting the dispersed phase (Dobraszyk and others 2001). 

In addition, the lack of gluten regularly produces batters that are less viscous, resulting in 

a have an inadequate texture, color and other post baking quality defects.  However, recently, 

there has been a significant increase in the development of gluten-free flours, using various 

approaches, which include use of starches, dairy products, gums, hydrocolloids and other non-

gluten containing proteins to mimic and improve the quality of gluten containing products 

(Torbica and others 2010). Two popular flours used in gluten-free baking are rice and buckwheat 

flour. 
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2.6.1 Rice flour 

Rice flour is known to be one of the most popular flour substitutions for gluten-free 

baked goods, as it is known for its easily digestible carbohydrates, colorless appearance and 

hypoallergenic properties (Gujral and Rosell 2004). The type of rice flour used is determinate of 

the end product wanted, as each flour has properties that influence the quality of the end product. 

Currently there are three different rice products used in gluten-free baking which include: rice 

paddy, brown rice and white rice. The dissimilarities of flours made with rice are as a result of 

the differences in milling methods of the starch components of the rice (Bean 1986). 

But, rice flour requires an excess amount of liquid compared to wheat flour, as it dries out 

easily. However, with the addition of large amounts of liquid the dough shows a higher stability 

(Torbica and others 2010). 

 

2.6.2 Buckwheat flour  

Buckwheat is plant cultivated for its seeds that are nutrient dense and gluten-free 

(Caballero and others 2003).  In spite of its misleading name, buckwheat is safe for people 

suffering from celiac disease, as it contains no gluten (Skerritt 1986).   

Buckwheat flour is a highly acceptable flour as it is known for its health benefit qualities 

like reducing high blood pressure, controlling blood sugar, lowering cholesterol and lowering the 

risk of cancer (Skerritt 1986).  Its health comes from its high lysine, iron, copper and magnesium 

content (Caballero and others 2003), as well as its high amounts of rutin, polyphenols and 

antioxidant benefits (Caballero and others 2003). 

However, a downfall of these two flours, as well as most gluten-free flours, is their 

inability to ferment, which helps develop a viscoelastic network (Torbica and others 2012). This 



19 
 

network is responsible for retaining CO2 (Torbica and others 2012). For this reason, structuring 

agents such as carboxymethylcellulose, hydroxypropylmethylcellulose, pectin, agar, xanthan 

gum, and different starches are commonly used to improve the viscoelastic network (Torbica and 

others 2010).  

In general, the removal of gluten in baked goods is a knowing problem for cereal 

technologists and bakers alike, but has initiated intense research and development of acceptable 

gluten-free products. Currently gluten-free products on the market are of lower quality in terms 

of texture, nutrients, flavor and mouthfeel than their gluten containing counterparts (Gallagher 

and others 2003). 

 

2.7 Physical and Chemical Properties of Gluten 

Gluten is known for its vital function in baking as its complex chemistry is responsible 

for water absorption capacity, cohesivity, viscosity, and dough elasticity of baked goods (Wieser 

2007). Without gluten baked goods loose most of these vital properties, for this reason the 

majority of gluten-free baked goods have a relativity short shelf-life and are of poorer quality to 

their gluten containing counterparts (Torbica and others 2010). 

Gluten is the major protein in wheat flour, as it is the determinate in the leavening and 

processing in different baked goods (Wieser 2007). Rich in protein, gluten is known for its 

ability to retain gas bubbles in dough allowing for its cohesive and viscoelastic properties. 

“Gluten can be defined as the rubbery mass that remains when wheat dough is washed to remove 

starch granules and water-soluble constituents (Wieser 2007).” After washing, the dough 

contains mostly protein (75-85%) and lipids (5-10%), with the remainder being mostly starch 

(Wieser 2007). Gluten contains hundreds of protein components, which either are present as 
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monomers or, linked by inter-chain disulphide bonds, as oligo- and polymers (Wrigley and Bietz 

1988).  Gluten has a unique amino acid composition, which is high in glutamine and proline 

(Wrigley and Bietz 1988). The two main proteins found in gluten are glutenins and gliadins 

(Wrigley and Bietz 1988), as they compose of 80% of the wheat flour protein (Uthayakumaran 

and others 1999).  Gliadins contribute to dough viscosity as when they are hydrated they become 

sticky, while glutenins help with the dough elasticity as it is pretty tough (Uthayakumaran and 

others 1999). 

 

2.8 Nutritional Issues of Gluten-Free Products 

On August 5 2013, the United States Food and Drug Administration issued requirements 

for the gluten-free labeling of food. These requirements state that if foods are to be displayed as 

“gluten-free” or use synonyms such as: “no gluten”, “free of gluten” or “without gluten”, that the 

product must be naturally gluten-free before processing and not contain a gluten containing grain 

or an ingredient derived from a gluten containing grain that has not been processed to remove the 

gluten, with 20 parts per million begin the highest amount of gluten that can be in a food item 

(Food and Drug Administration 2013). 

However, many studies have shown that a gluten-free diet may not guarantee an adequate 

nutritional intake. The gluten-free diet, is the healthiest when foods are consumed that were 

gluten-free before processing (Saturni and others 2010). Conversely, most processed gluten-free 

foods are higher amounts of fat, sugar, and sodium then their gluten containing counter parts. 

(Saturni and others 2010). It is common that individuals often feel restricted having to adhere to 

a strict gluten-free diet and tend to compensate for the restrictions by eating foods higher in fats, 

sugars, and calories (Saturni and others 2010). Inadquete fiber intake has also been shown in 
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persons following a gluten-free diet as many gluten-free foods are made with starches and/or 

refined flours with low contents of fiber (Saturni and others 2010). However, the use of pseudo-

cereals like buckwheat in replacement of wheat have shown to improve intake of protein, iron, 

calcium and fiber content of individuals with Celiac Disease (Saturni and others 2010). 

 

2.9 Consumer Perception, Purchase Intent and Health Benefit Statements 

The gluten-free diet has gained a lot of acceptance and popularity over the years. Before 

only individuals with celiac disease would consume gluten-free foods, however consumers are 

purchasing gluten-free products with others goals in mind. These goals include weight loss, a 

healthier lifestyle and also to manage conditions like irritable bowel syndrome or autism (Pietzak 

2012). Moreover, in 2014 the gluten-free diet reached sales of over $973 million and had a 

compound annual growth rate of over 34% over a 5 year period. In addition, the projected sales 

of gluten-free foods are expected to exceed $2 billion in 2019 (Packaged Foods 2015). In 

conclusion, the gluten-free market is not anticipated to slow down anytime soon. 

The Nutritional Labeling and Education Act of 1990 was developed to help consumers 

make more health-educated choices when purchasing food items (Kozup and others 2003), as the 

information shown on the packaging of food is known to have a significant effect on consumers 

perception of the food (Schifferstein and others 2013). While health claims have been on the 

labels of food packages since 1984 they were often criticized on being vague and misleading 

(Silverglade 1996). The claim displayed on the front of packaging displays information on the 

relationship between the product and reducing risk of a health related condition, while the 

Nutrition Facts label displays standard nutrition information on calories, fat, cholesterol, sodium, 

carbohydrates and protein (FDA 1994). In general, food companies use the packaging 
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information to highlight important information that they are required to share, and some 

information that could highlight certain benefits associated with the product (Carrillo and others 

2012).  This information regularly affects how consumers perceive the products expectations.  

Nutritional claims statements suggest that the food has a specific benefit due to the 

product containing or not containing a certain amount of something (ex. ‘gluten-free’, or ‘sugar 

reduced’) (Dean 2011). Therefore, health claims can offer benefits as they show a clear message 

to the consumer about the ingredients of the product (Dean 2011). The change in perception 

could be related to hedonics, sensory attributes, quality, etc. (Miraballes and others 2014). This 

means that food descriptions can affect both taste and the healthiness of food, even if a products 

formulation is not necessarily healthy (Chandon and Wansink 2012). However, it is still to be 

determined whether sensory acceptability alone is a predictor of sale prediction (Koster and 

others 2003), as overall acceptability has limited predictive value, since emotions influence 

consumer preferences and choices (Koster and others 2003). In addition it has been shown that 

emotions produced by products positively impact subsequent purchase intention (Koster and 

others 2003).  

 

2.10 Conclusions from Literature Review 

Investigation of sucrose reduction and substitution is necessary for the creation of gluten-

free baked goods that yield similar color, texture and flavor of components of traditional baked 

goods. For this reason and considering the current trend of consumer behavior toward healthier 

more natural food products, there is the need to study effects of alternative sweeteners such as 

Stevia on the physicochemical quality and consumer perception of foods such as gluten-free 

muffins, as well as impact of health benefit statements attributed to these “healthy” ingredients.  
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CHAPTER 3. MATERIALS AND METHODS 

3.1 Materials and Preparation of Gluten-Free Banana Muffins  

All ingredients used in this research were food grade and are listed in Table 2. Stevia was 

used as a sucrose replacement in gluten-free banana muffin treatments made with different 

amounts of sugar (0%, 50%, 100%) as detailed in Table 3. For simplification, treatments will be 

referred to as sugar (100% sucrose), reduced-sugar (50% sucrose) and Stevia (0% sucrose) 

formulations throughout the text. 

 

Table 2 Ingredients used for gluten-free banana muffins fixed 

Ingredient Amount Percent of Formulation  

Rice flour 320g 16.60 

Buckwheat flour 80g 4.15 

Corn starch 100g 5.19 

Xanthan gum 10g 0.52 

Milk 450mL 23.34 

Oil 350mL 18.15 

Eggs 300g 15.56 

Baking soda 10g 0.52 

Salt 6g 0.31 

Banana 300g 15.56 

Cinnamon 2g 0.10 

 

Table 3 Treatment formulations with ingredients (sugar/stevia) varied 

Treatment Sugar (g) Stevia (g) 

100% Sucrose 250 0 

Reduced-sucrose 125 16 

100% Stevia/Sucrose-free 0 32 
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The 3 formulations of gluten-free banana muffins were prepared according to the recipe 

described by Iovana and others (2015) with modification. For each treatment, the dry ingredients 

were first combined excluding the baking soda to delay the onset of the reaction. Measured 

amounts of rice flour, buckwheat flour (Arrowhead Mills, NY, USA), corn starch (Argo Inc., 

TN, USA), xanthan gum (Bob’s Red Mill® Natural Foods, OR, USA), sugar and/or stevia, salt 

and cinnamon (Great Value®, Wal-Mart, AR, USA) were mixed together. Next, the wet 

ingredients including milk, oil, eggs, peeled banana and vanilla (Great Value®, Wal-Mart, AR, 

USA) were added. Eggs and peeled bananas were beaten separately for 30 seconds using a 

KitchenAid® stand mixer (KitchenAid®, MI, USA). Finally, baking soda (Arm and Hammer, NJ, 

USA) was added. After all the ingredients were combined, they were kneaded using the Globe 

Mixer (Globe, SP5-MIXER5QT, OH, USA) on level 2 for 15 minutes. Following kneading, a 

portion of the batter (55g) was placed into a paper baking cup (5.5 cm diameter and 3cm height), 

and placed in an electric oven (Jenn-air, Pro-style, MI, USA).  

Muffins were baked using the convection setting for 20 minutes at 180°C. The finished 

muffins were left to cool at room temperature for 1 hour, and put into paper bags (Great Value®, 

Wal-Mart, AR, USA) for storage, prior to the consumer study the following day. All muffins 

were therefore prepared 1 day before the consumer test. The same process was used to make the 

muffins analyzed for physicochemical properties.  

 

3.2 Measurement of Physicochemical Properties  

All physicochemical measurements were performed in duplicate replications. Moisture 

content of unground muffin samples was evaluated using the AOAC air oven method 945.14 

(AOAC 1990).  Samples were weighed (15g) and dried in a convection oven (VWR Scientific 
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Product, OR, USA) for 24 hours at 60 C. The moisture content (MC) was expressed on a dry 

basis as the water mass in grams per 100 grams of dry matter, and calculated as: MC = {[initial 

weight ─ oven dry weight]/oven dry weight} x 100%.  

Water activity (aw) of gluten-free banana muffin crumbs was determined using a aw meter 

(Hygrolab, Rotronic, NY, USA). The muffins were cut with a knife and placed into 14 mm 

disposable PS-14 aw cups up to 75% of the total cup volume. The samples were measured using 

the standard function of the device, which automatically measures the aw value of the food item.  

Crumb color of the muffins was measured using a portable Konica Minolta colorimeter 

(Model BC-10, Minolta Camera Co. Ltd., Osaka, Japan). Before the samples were analyzed, the 

equipment was calibrated with a white standard and blank calibration. Measurements were made 

at the top of each sample and at its center after it was cut in half. Color values were stated as L* 

(lightness), a* (+ for redness and - for greenness) and b* (+ for yellowness and - for blueness), 

H° (hue, H° = 0 for red, H° = 90 for yellow) and C* (chroma).  

The texture profile analysis (TPA) method was performed using a compression test 

according to the AACC standard 74-09 method (AACC International 2000), and reported as 

hardness (N), cohesiveness and springiness (%). TA-XT Plus texture analyzer (Texture 

Technologies, MA, USA) was equipped with a cylinder probe with a diameter of 2 inches, and 

the test speed was 2 mm/s and the strain was 40%. Two replicates (six whole muffins/replicate) 

for each treatment (twelve muffins total/treatment) were analyzed, with probe insertion through 

the top of the muffin.  
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3.3 Consumer Studies of Gluten-Free Muffins 

The research protocol for consumer testing was approved by the Louisiana State 

University Agricultural Center Institutional Review Board. The criteria for recruitment of study 

subjects were: (1) at least 18 years of age, (2) willingness to consume muffins, (3) availability of 

10 minutes for completion of the test. Participants (n=128) were randomly recruited from a pool 

of faculty, staff and students at Louisiana State University, Baton Rouge, LA, USA. 

Panelists were presented with 55g-samples of 3 muffin formulations (100% sucrose; 

reduced-sucrose, and 100% stevia), each labeled with a 3-digit code (Figure 2). Sample 

presentation followed a randomized complete block design in a counter-balanced order to 

minimize psychological biases (Cochran and Cox 1957). The amount of each muffin served was 

about 55g to reflect the normal serving size of muffins. Non-salted plain crackers and water at 

room temperature were also provided for palate cleansing in between samples. Panelists were 

seated in fluorescent-lit partitioned sensory booths (Figure 2) and provided informed consent 

based on the purpose of the research, procedures, and the ingredients, which could cause an 

allergic reaction. Consumers then completed a demographic questionnaire specifying their age, 

gender, and indicating their use of gluten-free or sugar-reduced products (yes/no). Consumer 

acceptance, emotional responses, and purchase intent of the samples were then assessed.  

Regarding consumer acceptance testing, each panelist evaluated the 3 samples for 8 

sensory attributes (color, odor, taste, sweetness, moistness, softness, stickiness and overall 

liking) on a 9-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like 

extremely (Peryam and Pilgrim 1957). Additionally, the Just-About-Right (JAR) scale (1 = too 

weak, 2 = just about right, 3 = too strong) was used to evaluate perceived sweetness intensity, 

moistness, softness, and stickiness of the samples.  
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Figure 2 Sample presentation of treatments (left) and panelists in partitioned sensory booths 

evaluating the products (right) 

 

Consumer emotional responses to the samples were evaluated using 8 positive [calm, 

good, happy, healthy, pleased, pleasant, satisfied, wellness (healthy lifestyle)] and 3 negative 

[guilty, unsafe (regarding nutritional facts), worried] emotion terms. Emotion terms were 

arranged in alphabetical order and their intensities rated on a 5-point scale (1 = not at all, 2 = 

slightly, 3 = moderately, 4 = very, and 5 = extremely). Selection of emotion terms was based on 

preliminary studies (n = 114; 76% females, ≥ 18 years) conducted to determine which of 50 

positive and negative emotion terms were most experienced by consumers (≥ 20% frequency) 

when consuming muffins (Figure 3). Emotions with a frequency ≥ 20% (King and Meiselman 

2010; Wardy and others 2015) were selected for the consumer study.  
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Figure 3 Emotion terms elicited by muffins from consumer responses (N = 114). Terms with 

>20% frequency count are shown. 

 

Finally, purchase intent of the samples was evaluated using a binomial (yes/no) scale. 

Following evaluation of initial acceptance, emotional responses and purchase intent, consumers 

were informed about the sugar reduction level and gluten content corresponding to each sample. 

For example, “This product is gluten-free (wheat-free) and had a 50% sugar reduction.”  Overall 

liking, emotional response and purchase intent of the samples were then re-evaluated. The 

Compusense® five (version 5.6, Compusense Inc., Guelph, Canada) computerized data collection 

system was used for questionnaire development and data collection. 
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3.4 Statistical Analysis 

Frequency counts of demographic data, questions about consumption of gluten-free or 

sugar-reduced products and purchase intent before and after information about the sugar level 

and gluten content of the samples had been given, were performed. To analyze physicochemical, 

sensory and emotion data, the statistical analysis software (SAS, 2003, version 9.3) was used. 

Data was analyzed using a predetermined confidence level of 95% (α = 0.05). A one-way 

analysis of variance (ANOVA) was performed to determine if significant differences existed 

between the 3 muffin treatments in terms of physicochemical properties, sensory acceptability 

and emotional responses. Tukey’s posthoc test was used to locate differences among the 

sample means. A dependent t-test was used to determine significant differences in consumer 

responses before and after health benefit statements. The McNemar’s test was used to determine 

significant differences in the purchase intent of the each treatment before and after health benefit 

statements were provided. A penalty analysis was performed on the JAR data to assess the mean 

drop in overall liking for each attribute. Multivariate analysis of variance (MANOVA) and 

descriptive discriminant analysis (DDA), were conducted to identify overall significant 

differences among the 3 treatments, and the most discriminating attributes, considering all 

attributes simultaneously. Lastly, logistic regression analysis was used to determine sensory and 

emotion variables influencing purchase intent. 



30 
 

CHAPTER 4. RESULTS AND DISCUSSION 

4.1 Effects of Sugar Reduction on Sensory Liking 

The mean consumer acceptability scores and their respective standard deviations for 

color, odor, taste, sweetness, moistness, softness, stickiness and overall liking of gluten-free 

muffin formulations are presented in Table 4. Perception of color, odor, taste, sweetness, 

moistness, softness, stickiness, and overall liking were only asked before the panelists received 

information about sugar reduction level or gluten content.  

 

Table 4 Mean sensory acceptability scoresA of gluten-free banana muffins made at different 

sugar reduction levels 

Attribute Sugar* Reduced-Sugar Stevia 

Color 6.59 ± 1.45a 6.45 ± 1.33ab 6.11 ± 1.65b 

Odor 6.42 ± 1.57a 6.27 ± 1.44ab 5.88 ± 1.66b 

Taste 6.31 ± 1.64a 6.12 ± 1.60a 5.13 ± 1.99b 

Sweetness 6.23 ± 1.74a 6.04 ± 1.62a 4.79 ± 2.01b 

Moistness 6.61 ± 1.62a 6.47 ± 1.57a 5.54 ± 1.94b 

Softness 6.74 ± 1.57a 6.40± 1.55a 5.52 ± 1.83b 

Stickiness 6.28 ± 1.64a 6.27 ± 1.38a 5.63 ± 1.74b 
AMean ± standard deviations based on a 9-point hedonic scale. Mean values in the same row 

followed by different letters are significantly different (P < 0.05). 

Based on 128 consumer responses.  

*Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 

  

Generally, consumer acceptability of Stevia was lower (P < 0.05) than that of sugar and 

reduced-sugar muffins for all sensory attributes besides color and odor, which were similar 

between Stevia and reduced-sugar (Table 4). Interestingly, consumer liking for sugar and 

reduced-sugar treatments were not significantly different (P > 0.05) between samples for all 

sensory attributes with liking scores of 6.23–6.74 and 6.04–6.47 respectively (Table 4), 



31 
 

indicating that, consumers found the sensory properties of sugar muffins and the reduced-sugar 

muffins to be equally acceptable. 

In terms of sweetness, liking for Stevia (4.79) was rated 1.30x lower (P > 0.05) than 

sugar (6.23) (Table 4). Consumers therefore noticed the biggest difference in sweetness between 

sugar and stevia treatments. A similar trend was observed for the moistness, softness and 

stickiness of the muffins, with the sugar and reduced-sugar muffins being “slightly liked” 

compared to “neither like nor dislike” for Stevia samples. 

Analysis of Just-About-Right (JAR) intensity ratings revealed that, the distribution 

consumer responses in the JAR group ranged from 32.81–67.18% (sweetness), 57.03–82.81% 

(softness), 64.84–83.59% (stickiness), and 58.59–78.12% (moistness). At least 70% responses in 

the JAR group for sugar and reduced-sugar formulations were observed for softness, stickiness 

and moistness indicating optimal levels for these, but not for sweetness (Figure 4; Appendix 4). 

Based on the penalty analysis (Figure 4) using JAR scale ratings and mean acceptability scores, a 

large number of consumers (up to 65%) perceived that the muffin treatments were not sweet 

enough, resulting in a mean drop of 2.03–2.82 on a 9-point overall liking scale for sugar, 

reduced-sugar and Stevia formulations. For moistness, up to 29% of consumers perceived the 

muffins as not being moist enough, resulting in a mean drop in liking of 2.74–3.16. Similarly, up 

to 38% of consumers perceived a lack of softness in the muffins, resulting in a mean drop of 

2.35–2.72. However, impact of stickiness of muffin samples on overall liking was not as 

concerning, with penalties < |0.6|, especially for the reduced-sugar formulation (Appendix 4). In 

brief, overall liking scores of the muffins were negatively affected by the lack of moistness 

and/or softness of both the reduced-sugar and Stevia formulations, and also by the sweetness 

intensity of all 3 formulations.  
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Figure 4 Penalty plots showing mean drops in overall liking as affected by “not enough” JAR attributes (sweetness, moistness, 

softness and stickiness) of gluten-free banana muffins. *Sugar = 0% reduced treatment; Reduced-Sugar = 50% reduced treatment; 

Stevia = 100% reduced treatment.
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4.2 Overall Product Differences and Discriminating Sensory Attributes  

For the purpose of determining if an overall difference existed among all 3 muffin 

formulations considering all sensory attributes simultaneously, a MANOVA was conducted 

which produced a significant result (P < 0.001). According to Koeferli and others (1998), 

MANOVA yields further information from sensory data as it can be used to reveal patterns, 

correlate parameters and classify data. 

Posthoc descriptive discriminant analysis (DDA) following a significant MANOVA 

determined which attributes were responsible for the overall difference among the three 

treatments. According to the first dimension of the pooled-within canonical structure (Can 1) 

which explained 96% of the variance, sweetness, overall liking, softness, taste and moistness 

were critical discriminating attributes with canonical correlations (r) ≥ 0.5 (Table 5). Among 

these discriminating attributes, sweetness perception and overall liking of the muffin treatments 

were evidently very important to the differences among treatments perceived by the consumers 

(r ≥ 0.8). 

 

Table 5 Canonical structure r’s describing group differences among gluten-free banana muffins 

made at different sugar reduction levels 

Attribute Can 1a Can 2a 

Color 0.3351 -0.2151 

Odor 0.3627 -0.1934 

Taste 0.7290* 0.0451 

Sweetness 0.8774* 0.1983 

Moistness 0.6838 0.1515 

Softness 0.7666* -0.3872 

Stickiness 0.4687 0.3276 

Overall Liking 0.8246* 0.0845 

   

Cumulative variance explained (%) 95.7 100 
aBased on the pooled within group variances. Can 1 and 2 refer to the 1st and 2nd canonical 

discriminant functions respectively. *Critical discriminating attributes (r ≥ ±0.5).        
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4.3 Effects of Sugar Reduction and Health Benefit Statements on Consumer Emotional 

Responses 

 

Table 6 shows the effects of sugar reduction level and gluten-free health benefit 

statements on consumer emotional responses. Before health benefit statements were provided, no 

significant differences (P > 0.05) in emotion intensities were found between all 3 muffin samples 

for all negative emotions (guilty, unsafe, and worried),and also for the positive emotions healthy 

and wellness. However, the intensities of the positive emotions calm, good, happy, pleasant, 

pleased and satisfied were significantly lower (P < 0.05) for muffins made with Stevia than for 

the other formulations (Table 6). This may be due to the significantly lower sweetness, taste and 

odor ratings observed for Stevia compared to the other formulations. Hence, sensory properties 

may have had a direct impact on the product emotions expressed by consumers. 

Following awareness of the sugar reduction level and gluten content of the products, 

differences in evoked emotions emerged. Particularly for the positive emotions good, happy, 

healthy, pleasant and pleased, consumers reported similar intensities for both sugar and Stevia 

which were lower (P < 0.05) than for the reduced-sugar formulation (Table 6).  Consumers felt 

guiltier and less wellness due to sugar, while Stevia made them feel less satisfied. The only 

emotions that were not significantly affected by health benefit statements were calm, unsafe and 

worried between all muffin treatments (Table 6).  

Comparing emotional terms before and after revealed a positive significant effect (P < 

0.05) of health benefit statements on the intensities of the positive emotions calm, good, happy, 

healthy and pleased for both reduced-sugar and Stevia, pleased for sugar only, and worried for 

Stevia only formulations. Overall, health benefit statements had more impact on positive 

emotions elicited by reduced-sugar and Stevia, compared to sugar.  
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Table 6 Mean consumer emotion scoresA of gluten free banana muffins made at different sugar 

reduction levels**. 

Emotion  Sugar* Reduced-Sugar Stevia 

Calm  BeforeB 2.48  ± 0.98a 2.48  ± 0.88a* 2.27  ± 0.93b* 

 AfterB 2.54  ± 0.97a 2.68  ± 0.90a* 2.52  ± 2.16a* 

Good  Before 2.72  ± 0.96a 2.72  ± 0.86a* 2.22  ± 0.97b* 

 After 2.70  ± 0.94ab 2.94  ± 0.88a* 2.52  ± 1.05b* 

Guilty  Before 1.69  ± 0.98a 1.55  ± 0.89a 1.58  ± 0.95a 

 After 1.69  ± 0.89a 1.44  ± 0.76b 1.40  ± 0.90b 

Happy  Before 2.63  ± 0.96a 2.66  ± 0.94a* 2.23  ± 1.05b* 

 After 2.57  ± 0.97ab 2.81  ± 1.02a* 2.45  ± 1.05b* 

Healthy  Before 2.33  ± 1.04a 2.38  ± 1.00a* 2.27  ± 1.07a* 

 After 2.37  ± 1.10b 2.91  ± 1.01a* 3.06  ± 1.20a* 

Pleasant  Before 2.70  ± 0.94a 2.68  ± 0.97a 2.27  ± 1.00b* 

 After 2.67  ± 0.96ab 2.80  ± 0.97a 2.48  ± 1.08b* 

Pleased  Before 2.82  ± 0.95a* 2.72  ± 1.01a* 2.16  ± 0.99b* 

 After 2.65  ± 0.97ba* 2.88  ± 0.94a* 2.39  ± 1.13b* 

Satisfied  Before 2.80  ± 0.97a 2.66  ± 0.97a 2.23  ± 1.00b 

 After 2.76  ± 1.02a 2.88  ± 0.99a 2.38  ± 1.09b 

Unsafe  Before 1.53  ± 0.85a 1.41  ± 0.83a 1.51  ± 0.90a 

 After 1.45  ± 0.74a 1.35  ± 0.76a 1.40  ± 0.90a 

Wellness  Before 2.41  ± 0.98a 2.33  ± 0.96a 2.34  ± 1.04a 

 After 2.34  ± 1.04b 2.92  ± 1.12a 3.02  ± 1.26a 

Worried  Before 1.30  ± 0.64a 1.30  ± 0.70a 1.39  ± 0.78a* 

 After 1.34  ± 0.71a 1.24  ± 0.62a 1.26  ± 0.70a* 
AMean ± standard deviation from 128 consumer responses based on a 5-point scale. Mean values 

in the same row followed by different letters are significantly different (P < 0.05). 
BEmotion scores were obtained both before and after consumers had been given information 

about sugar reduction level and gluten content. *Indicates significant differences based on the 

dependent sample t-test (P < 0.05) to evaluate effect of health benefit statements. 

**Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 

 

4.4 Effects of Sugar Reduction and Health Benefit Statements on Overall Liking and 

Purchase Intent. 

 

The sugar reduction level and gluten-free statement given to the panelists significantly affected 

overall liking of the muffins. As shown in Figure 5 after health benefit statements were 

introduced, overall liking for sugar muffins decreased (6.38 to 6.20), while that of reduced-sugar 

(6.16 to 6.33) and Stevia (5.03 to 5.13) increased (Figure 5). Consequently, reduced-sugar 
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became the most accepted treatment followed by sugar. However, noted increments for any of 

the treatments were not significantly different. Stevia had the lowest product acceptability both 

before and after health benefit statements (Figure 5).  

 

 

Figure 5 Overall liking (Mean ± SD bars) of gluten-free, sugar reduced banana muffins before 

and after providing health benefit statements to consumers (N=128).  

*Mean values followed by different uppercase (ANOVA) and lowercase (t-test) letters are 

significantly different (P < 0.05).  

Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 

 

The purchase intent for reduced-sugar and Stevia significantly increased (based on the 

McNemar’s test; P < 0.05) from 44.5% to 53.1%, and 22.7% to 32.8%, respectively, after the 

panelists were informed of the sugar reduction level and gluten-free content (Figure 6). The 

biggest change in purchase intent was seen with Stevia where the purchase intent increased from 
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23 to 33%. Although the purchase intent of the Stevia formulation increased significantly, Stevia 

was still the least likely treatment to be purchased. The second biggest change was seen for 

reduced-sugar with an 8.6% reduction; even though it still maintained the highest positive 

purchase intent of 53% while that of the sugar formulation decreased by 2.3% from 48.4 to 46.1 

(Figure 6).  

 

 
Figure 6 Purchase intent of gluten-free, sugar reduced banana muffins before and after providing 

health benefit statements to consumers (N=128). 

*Different lowercase letters are significantly different (P < 0.05; McNemar’s test) before and 

after providing health benefit statements. 

Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 
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4.5 Predicting Purchase Intent Using Logistic Regression Analysis (LRA) 

In this study, the probability of the muffin products to be purchased was modeled using 

LRA. Only the attributes that were evaluated before and after the health benefit statements were 

included in the LRA model (Table 7). 

Before the health statements were provided, color, sweetness, overall liking, and satisfied 

were significant in the LRA models (Table 7).  Color and sweetness were not evaluated after, 

and overall liking was the only variable that remained a significant predictor once the health 

benefit statements were presented, while satisfied became an insignificant predictor. 

Furthermore, the emotions happy, and wellness became significant predictors, with odds ratio 

values of 1.867 and 1.457, respectively, after the benefit statements. This means that for every 

one-point increase  in the intensity of happy and wellness emotions on a 5-point scale, the odds 

of the products being purchased would be 1.87 and 1.46 times higher than not being purchased, 

respectively, after informing consumers of the health benefits (Table 7). As a result, these 

emotions must be targeted in product design to increase positive purchase intent of reduced-

sugar gluten-free muffins.  

All the demographic variables were not significant predictors of purchase intent before 

health benefit statements were provided (Table 7); however, the variable normally purchase 

gluten free products became a significant predictor when health benefits were stated with an 

odds ratio of 0.321. Hence for a change in the consumer response from a no to a yes for normally 

purchase gluten free products, the odds of the muffins being purchased would be 3.12 times or 

67.9% lower than not being purchased. Optimization studies based on preferences of different 

consumer segments need to be addressed in future research. 
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Table 7 Combined odds ratio estimatesA for predicting purchase intent of gluten free banana muffins before and after providing health 

benefit statements 

 Variables 
Purchase Intent Before  Purchase Intent After 

Pr > χ2 Odds ratio  Pr > χ2 Odds ratio 

Demographics 

Gender (Male: 45.31%) 0.749 1.121  0. 512 1.212 

Normally Purchase Sugar Free Products (35.94%) 0.804 1.095  0.839 0.940 

Normally Purchase Gluten Free Products (10.16%) .436 1.569  0.030* 0.321* 

Sensory 

attributes 

Color 0.005* 0.625*   -** - 

Odor 0.975 0.995  - - 

Taste 0.507 1.175  - - 

Sweetness 0.015* 1.458*  - - 

Moistness 0.480 0.895  - - 

Softness 0.623 1.087  - - 

Stickiness 0.518 0.905  - - 

Overall liking <.0001* 3.323*  <.0001* 1.895* 

Emotions 

Calm 0.321 0.756  0.445 0.824 

Good 0.632 1.177  0.750 0.914 

Guilty 0.997 0.999  0.684 1.107 

Happy 0.393 1.284  0.037* 1.867* 

Healthy 0.273 1.299  0.795 0.948 

Pleasant 0.387 0.754  0.707 1.123 

Pleased 0.257 1.484  0.312 1.379 

Satisfied 0.027* 2.023*  0.375 1.273 

Unsafe 0.088 0.635  0.820 1.064 

Wellness 0.681 0.908  0.048* 1.457* 

Worried 0.490  0.774  0.640 0.850 
ABased on logistic regression analysis, using a full model of gender, normal purchasing statements, liking, and 11 emotions. Analysis 

of maximum likelihood estimates was used to obtain parameters estimates. *Significance of parameter estimates was based on the 

Wald χ2 value at P < 0.05. **Not measured



40 
 

4.6 Effects of Sugar Reduction on Physicochemical Properties 

 Table 8 shows physicochemical quality indices for the 3 muffin formulations. 

Formulations with a lower sugar content produced muffins with a lower specific volume than for 

those with 100% sugar. According to Tzia and others (2012), sucrose plays a significant role in 

the bulk, structural and textural properties of overall muffin dough and critical to the overall 

dough quality in baked goods. In this study, the specific volume of sugar and stevia muffins were 

similar (P > 0.05) but higher than that of the reduced-sugar formulation. 

 

Table 8 Physicochemical properties of gluten-free muffins made at different sugar reduction 

levelsA 

 Sugar* Reduced-Sugar Stevia 

Specific volume (cm3/g) 3.09 ± 0.14a 2.70 ± 0.17b 2.95 ± 0.09a 

Moisture (%) 35.00 ± 3.15b 38.30 ± 1.03a 41.10 ± 1.68a 

Water Activity 0.93 ± 0.00b 0.94 ± 0.00b 0.96 ± 0.00a 

Crumb Color Top    

L* 47.30 ± 1.49b 53.40 ± 2.56a 48.8 ± 2.81b 

a* 10.60 ± 2.41a 7.28 ± 2.04a 8.25 ± 3.16a 

b* 14.90 ± 1.43a 16.10 ± 3.53a 14.60 ± 3.58a 

Crumb Color Inside    

L* 55.70 ± 0.99a 55.50 ± 2.06a 54.30 ± 3.73a 

a* 5.57 ± 1.73a 5.45 ± 1.25a 3.92 ± 1.00a 

b* 12.30 ±  0.60a 11.90 ± 2.05ab 9.87 ± 1.55b 

Texture Profiles    

Hardness (N) 19.70 ±1.06a 22.60 ± 0.12a 22.50 ± 2.97a 

Cohesiveness 0.69 ± 0.02a  0.67 ± 0.01b 0.66 ± 0.01b 

Springiness (%) 88.80  ± 0.77a 89.20 ± 1.13a 88.70 ± 0.90a 
AMean  ± standard deviation values from 2 independent replications. Mean values in the same 

row followed by different letters are significantly different (P < 0.05).  

*Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 
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Water activity (aw) is a measure of the partial vapor pressure of water in a product divided 

by the partial vapor pressure of pure water at the same temperature, and is an important index of 

the chemical and microbial stability of the product during storage (Labuza and others 1985). As 

shown in Table 8, aw of gluten-free banana muffins ranged from 0.936 (sugar) to 0.956 (Stevia), 

and a 100% reduction in sugar content result in a significantly higher aw value (P < 0.05). A 

beneficial role of sugar in batters is that, they not only provide sweetness but also, lower the aw 

of the batter (Hahn 2001). An advantage of lowering the aw is that, it provides microbial stability 

for long periods of time, with the preferable aw being between 0.82 and 0.88 (Hahn 2001). If the 

water activity is above those numbers, the dough may not stable in terms of microbial stability 

unless the batter is frozen (Hahn 2001), or humectants could be added to the formulations to 

reduce the aw.  

Crumb color (top) for sugar and Stevia muffins was darker (P < 0.05) than for reduced-

sugar muffins based on L* values (Table 8). Color of the inside crumb was however similar 

across treatments, except for less yellowness (b*) of Stevia compared to sugar muffins. These 

observations could be attributed to the lower sugar content resulting in the reduced yellowness of 

the inside of the muffin. The relevance of product appearance on consumer liking may vary, and 

not be a critical driver of liking (Moskowitz and Krieger 1995; Li and others 2015). In the 

present study, color liking scores for Stevia were similar to reduced-sugar, but significantly 

lower for sugar muffins (P < 0.05), even though they were all acceptable (all scores > 6.1; Table 

4). This may likely be due to the reduced yellowness of the Stevia formulation compared to the 

sugar formulation. 

Texture hardness, cohesiveness and springiness were determined for the treatments 

(Table 8). Hardness is the force necessary to obtain a given deformity while cohesiveness is the 
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strength of the internal bonds making up the body of the product. Springiness refers to the 

distance recovered by the sample during the time between the end of the first bite and the start of 

the second bite. The hardness values from the TPA test were higher for reduced-sugar (22.56 N) 

and Stevia (22.48 N) formulations compared with sugar muffins (19.71 N). However, sugar 

muffins were more cohesive than reduced-sugar and Stevia muffins, while springiness was 

comparable across all 3 formulations (Table 8). In this study, 100% sugar reduction in gluten-

free muffins affected liking scores of moistness, softness, and stickiness, but did not make these 

attributes unacceptable (all scores > 5.5; Table 4). Despite some statistically significant 

differences, physical texture measurement values were generally similar, and this could explain 

the observed acceptability of reduced-sugar gluten-free muffins.  

Overall, it was observed that sugar reduction affected physicochemical and sensory 

properties of gluten-free banana muffins. 100% Stevia tended to decrease liking scores, and this 

negative effect was more pronounced for sweet and taste-related attributes than for texture and 

color-related attributes (Tables 4 and 8).  
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CHAPTER 5. SUMMARY AND CONCLUSIONS 

This study investigated effects of reducing the sugar level and health benefit statements 

on the physicochemical properties and consumer perception of gluten-free banana muffins. Three 

different gluten-free muffin formulations made with different amounts of sugar (0%, 50%, 

100%), with Stevia used as a sucrose replacement, were examined. Consumer acceptability of 

sensory attributes (color, odor, taste, sweetness, moistness, softness and stickiness), ratings of 

attribute intensities, emotional responses, and health benefit statements were evaluated along 

with physicochemical quality indices including specific volume, water activity, color and texture 

attributes.  

Consumer acceptability of muffin formulations with 100% and 50% sucrose were not 

significantly different for all sensory attributes: however, consumer acceptability of 100% sugar 

replacement with Stevia was lower than that of sugar and reduced-sugar muffins for all sensory 

attributes besides color and odor. Sweetness, overall liking, softness, taste and moistness were 

critical sensory discriminating attributes among muffin treatments. Overall liking scores of the 

muffins were negatively affected by the lack of moistness and/or softness of both the reduced-

sugar and Stevia formulations, and also by the sweetness intensity of all formulations. 

Sweetness, overall liking, softness, taste and moistness were critical sensory discriminating 

attributes among muffin treatments. Health benefit statements had a positive effect on overall 

liking, purchase intent, and intensities of the emotions calm, good, happy, healthy and pleased 

for both reduced-sugar and Stevia treatments, but a rather negative impact on the sugar 

formulation. Additionally, the emotions happy and wellness became significant predictors of 

purchase intent after health benefit statements had been provided, reflecting consumer 

consciousness towards healthier food products.   
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Overall, sugar reduction affected physicochemical and consumer perception of gluten-

free banana muffins. 100% Stevia tended to decrease liking scores, and this negative effect was 

more pronounced for sweet and taste-related attributes than for texture and color-related 

attributes. The reduced-sugar formulation containing 50% sucrose presented an acceptable 

alternative for consumers seeking healthier options based on their sensory and physicochemical 

quality. Future studies aimed at optimizing the formulation and cost of reduced-sugar gluten-free 

muffins are therefore needed. 
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APPENDIX 2. RESEARCH CONSENT FORM 

I, _____________________, agree to participate in the research entitled “Sensory Characteristics 

of Gluten-Free Banana Muffins” which is being conducted by Witoon Prinyawiwatkul of the 

School of Nutrition and Food Science at Louisiana State University Agricultural Center, (225) 

578-5188. 

I understand that participation is entirely voluntary and whether or not I participate will not 

affect how I am treated on my job. I can withdraw my consent at any time without penalty or loss 

of benefits to which I am otherwise entitled and have the results of the participation returned to 

me, removed from the experimental records, or destroyed. Two hundred consumers will 

participate in this research. For this particular research, about 5-10 minute participation will be 

required for each consumer. 

The following points have been explained to me: 

1. In any case, it is my responsibility to report prior participation to the investigator any food 

allergies I may have. 

2. The reason for the research is to gather information on factors influencing consumer 

perception and acceptability of gluten-free foods containing sugar and alternative sweeteners. 

The benefit that I may expect from it is a satisfaction that I have contributed to solution and 

evaluation of problems related to such examination. 

3. The procedures are as follows: three coded samples will be placed in front of me, and I will 

evaluate them by normal standard methods and indicate my evaluation on score sheets. All 

procedures are standard methods as published by the American Society for Testing and Materials 

and the Sensory Evaluation Division of the Institute of Food Technologists. 

4. Participation entails minimal risk: The only risk may be an allergic reaction to rice flour, 

buckwheat flour, corn starch, xanthan gum, milk, oil, eggs, baking soda, salt, banana, cinnamon, 

vanilla, sugar, stevia, and unsalted crackers. However, because it is known to me beforehand that 

all those foods and ingredients are to be tested, the situation can normally be avoided. 

5. The results of this study will not be released in any individual identifiable form without my 

prior consent unless required by law. 

6. The investigator will answer any further questions about the research, either now or during the 

course of the project. 

The study has been discussed with me, and all of my questions have been answered. I understand 

that additional questions regarding the study should be directed to the investigator listed above. 

In addition, I understand the research at Louisiana State University AgCenter that involves 

human participation is carried out under the oversight of the Institutional Review Board. 

Questions or problems regarding these activities should be addressed to Dr. Michael Keenan of 

LSU AgCenter at 578-1708. I agree with the terms above. 

Signature of Investigator: _________________   Signature of Participant: _________________    

Date: _________________________________   Witness: ______________________________                              
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APPENDIX 3. CONSUMER RESEARCH QUESTIONNAIRE 

SCREENER: 

 

(1) Consume muffins or similar products,  

(2) Not allergic to muffin ingredients  

(3) Over 18 years old 

 

PART 1: DEMOGRAPHICS 

Gender:  ( ) Female ( ) Male 

Age (years): ( ) 18-30 ( ) 31-40 ( ) 41-50 ( ) 51-60 ( ) >60 

Race: ( ) African American   ( ) Caucasian American   ( ) Asian   ( ) Hispanic   ( ) Other 

Do you normally purchase or consume Gluten Free Products? 

Yes (   )                        No (   )    

Do you normally purchase or consume Sugar Reduced/Free Products?  

Yes (   )                        No (   )    

 

PART 2: SAMPLE TESTING 

Instructions: 

 Please have unsalted crackers and water to cleanse your palate between each sample. 

 Please taste at least half of Sample XXX. 

 

1. How would you rate the following attributes of this product?  

 

a. Color 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 
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b. Odor 

 
Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

c. Taste 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

 

 

2. How would you rate the SWEETNESS of this product? 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

 

Please rate how you perceive the SWEETNESS intensity of this product. 

[  ] Not sweet enough             [  ] Just about right      [  ] Too sweet much 

 

 

3. How would you rate the MOISTNESS of this product? 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

 

Please rate how you perceive the MOISTNESS of this product. 

[  ] Not moist enough             [  ] Just about right      [  ] Too moist 
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4. How would you rate the SOFTNESS of this product? 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

 

Please rate how you perceive the SOFTNESS of this product? 

[  ] Not soft enough             [  ] Just about right      [  ] Too soft 

 

 

5. How would you rate the STICKINESS of this product? 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 

 

 

Please rate how you perceive the STICKINESS of this product? 

[  ] Not sticky enough             [  ] Just about right      [  ] Too sticky 

 

 

6. How would you rate your OVERALL LIKING of this product? 

 

Dislike 

Extremely 

 

Dislike 

Very 

Much 

 

Dislike 

Moderately 

 

Dislike 

Slightly 

 

Neither 

Like Nor 

Dislike  

Like 

Slightly 

 

Like 

Moderately 

 

Like 

Very 

Much 

 

Like 

Extremely 

 

 [1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  [9] 
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7. How does this product make you FEEL? 

 

 

 

8. Would you PURCHASE this product? ( ) YES ( ) NO 

 

PART 3: HEALTH BENEFIT STATEMENTS 

 

Sample XXX= This product is gluten free (wheat free) and made with regular sugar. 

Sample XXX= This product is gluten free (wheat free) and has a 50% sugar reduction. 

Sample XXX= This product is gluten free (wheat free) and sugar free. 

     

Then REPEAT Overall Liking, Emotions, and Purchase Intent for each sample AFTER the 

health benefit statement. 

Feeling 
Not at all 

[1] 

Slightly 

[2] 

Moderately 

[3] 

Very much 

[4] 

Extremely 

[5] 

      

Calm      

Good      

Guilty      

Happy      

Healthy      

Pleasant      

Pleased      

Satisfied      

Unsafe 

(regarding 

nutrition facts) 

     

Wellness 

(healthy 

lifestyle) 

     

Worried      
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APPENDIX 4. RELEVANT EXTRA MATERIAL 

Table 9 Just-About-Right (JAR) distributionA of sensory intensities 

Attribute Treatment* Not Enough (%) JAR (%) Too Much (%) 

Sweetness Sugar 29.70 67.18 3.12 

Reduced-Sugar 35.93 57.82 6.25 

Stevia 64.85 32.81 2.34 

Softness Sugar 17.19 82.81 0.00 

Reduced-Sugar 25.78 72.66 1.56 

Stevia 37.50 57.03 5.47 

Stickiness Sugar 10.16 83.59 6.25 

Reduced-Sugar 9.38 81.25 9.37 

Stevia 20.31 64.84 14.85 

Moistness Sugar 17.19 78.12 4.69 

Reduced-Sugar 21.09 73.44 5.47 

Stevia 28.91 58.59 12.50 
ABased on the responses’ total. 

*Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 

 

Table 10 Mean dropA and total penaltyB in overall liking due to “not enough” JAR sensory 

intensities 

Attribute Treatment* Not Enough JAR (%) Mean Drop Total Penalty 

Sweetness Sugar 29.70 -2.82 -0.84 

Reduced-Sugar 35.93 -2.03 -0.73 

Stevia 64.85 -2.47 -1.60 

Softness Sugar 17.19 -2.54 -0.44 

 Reduced-Sugar 25.78 -2.35 -0.61 

 Stevia 37.50 -2.72 -1.02 

Stickiness Sugar 10.16 -2.21 -0.22 

Reduced-Sugar 9.38 -1.33 -0.12 

Stevia 20.31 -2.65 -0.54 

Moistness Sugar 17.19 -2.86 -0.49 

Reduced-Sugar 21.09 -2.74 -0.58 

Stevia 28.91 -3.16 -0.91 
AMean drop = [mean overall liking of the “not enough” JAR group – mean overall liking of JAR 

group]. BTotal penalty = [mean drop × % “not enough” JAR response] 

 *Sugar = 0% reduced treatment formulation; Reduced-Sugar = 50% reduced treatment 

formulation; Stevia = 100% reduced treatment formulation. 
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