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Proso Millet: A functional food for North American consumers 
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Millet is a small grain that is drought resistant, gluten free and has been found to elicit a 

lower glycemic response than other grains. However, millet is considerably under-

utilized in the Western world. The purpose of this study was: (i) to investigate proso 

millet based products that are common to North American consumers (biscuits, 

extruded snacks, couscous and porridge), and (ii) to examine the effect of decortication 

on the health benefits of these products, glycemic index and sensory properties.  A 

human glycemic index study was conducted to ascertain that a variety of millet based 

products were in fact low GI foods, as other studies have suggested. Once products 

were manufactured, refined proso millet resulted in higher protein, lipid, dietary fibre and 

polyphenol content in comparison to refined corn products. The expected glycemic 

index of the proso millet based products (50.2- 64.7) was much lower than those of the 

corn based products (78.5-86.3) (p<0.05). The refined proso millet couscous and 

porridge were found to have a low eGI. In the human glycemic study, incorporation of 

proso millet into food items did not result in a significantly different GI as compared to 



food items produced from refined corn (p=0.05). However, the importance of the 

interaction between product matrix, and how it can affect the GI was illustrated. 

Although the nutritional profiles were enhanced, the sensory characteristics of the millet 

products were not well liked by the consumers. As the amount of refined proso millet 

was increased, the liking scores decreased. There were many negative attributes (gritty, 

bitter, bitter aftertaste) associated with the refined proso millet products. However, the 

use of flavouring agents and other additions should lead to millet products that have 

acceptable sensory characteristics. Overall, decorticated proso millet needs to be 

investigated further to examine how it can be optimally used in the North American diet. 
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Chapter 1: General Introduction 

 

Millet has traditionally been grown in Africa and Asia, and is an important crop in these 

regions due to its short growing season and resistance to pests and diseases. 

Furthermore, millet is able to grow under drought conditions. The feasibility of millet 

production is currently being investigated in North America, due to changes in the 

climate requiring grain producers to move away from traditional grain production (Ko et 

al 2012). Millet production is increasing in Ontario and a breeding station has been 

opened in Delhi, Ontario. However, this cereal grain is still under-utilized in the western 

world.  

Nutritionally, millet does not contain gluten and has been shown to have beneficial 

effects on blood glucose (Gupta and Nagar 2010), cholesterol regulation (Shobana et al 

2009) and wound healing (Chandrasekara and Shahidi 2011). Millet can be used to 

produce functional foods that do not contain gluten, and may be helpful in the 

management of type 2 diabetes mellitus as well as reducing the risk of cardiovascular 

disease (CVD).  

Type 2 diabetes mellitus (T2DM) is a significant public health problem in Canada, where 

it is estimated that about 2 million persons are affected, and one-third of those affected 

are unaware they have the disease. Furthermore, the cost of diabetes and its 

complications accounts for 15% (9 billion CAD) of the total health care expenditure in 

Canada and this is expected to increase as the prevalence of T2DM increases 

(Statistics Canada 2009). Therefore, it is important to explore new strategies to reduce 

the risk of diabetes. T2DM has a significantly negative impact on the cardiovascular 
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system and about 75% of all deaths attributed to diabetes occur as a result of CVD (Li 

et al 2006). Improving glycemic control in T2DM reduces the risk of CVD (Diabetes 

Control 1993; Kreisberg 1998). There is good evidence to suggest that plant based 

foods, such as millet, may be useful in the prevention and management of T2DM and 

CVD (Bazzano et al 2003; Castro et al 2005; Kurup and Krishnamurthy 2011; Lakshmi 

et al 2002; Mani et al 1993; McKeown et al 2004; Shobana et al 2007; Shukla and 

Srivastava 2011; Urooj et al 2006).  

 

Millet was first investigated for use in the management of T2DM in 1957 (Rammanthan 

and Gopalan). Since then, many studies have investigated the postprandial blood 

glucose response after consuming millet. These studies have examined millet 

substitutions into wheat based products at different levels: 25% (Pathak et al 2000), 

30% (Shukla and Srivastava 2011), 45% (Anju and Sarita 2010), 56% (Shobana et al 

2007). However, similar studies have been not been conducted using North American 

consumers and with products familiar to North Americans. There is a need for a large-

scale study using well-characterized 100% millet products to be conducted. The 

proposed study will systematically formulate and characterize various millet products 

that will undergo sensory evaluation. The food products will then be tested for their 

expected glycemic index and glycemic index in healthy volunteers. The study will 

provide credible evidence for the health benefits associated with millet and will help in 

the production of functional foods incorporating 100% millet grain or flour. 
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Chapter 2: Literature Review 

2.1 Situation 

2.1.1 Diabetes 

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease characterized by 

hyperglycemia resulting from insufficient or inefficient insulin secretion. It occurs in the 

middle to late stages of people’s lives and is usually associated with obesity (Green et 

al 2003). Hyperglycemia can induce non-enzymatic glycosylation of various proteins, 

resulting in the development of long-term complications (Shobana et al 2009). T2DM 

develops gradually over a long period of time and therefore its onset is difficult to predict 

(Green et al 2003). It is a disease that can lead to complications such as nephropathy, 

CVD, retinopathy, peripheral vascular disease and stroke (Shaw et al 2010).  

Diabetes is one of the most common chronic diseases in nearly all countries worldwide. 

It has been recognized as a worldwide epidemic and is mainly attributed to the ageing 

population and urbanization of developing countries (Farag and Gaballa 2010; Shaw et 

al 2010). The worldwide prevalence of T2DM for the year 2010 was 6.4% with a 

projected increase in future years. The World Health Organization (WHO) has predicted 

that the prevalence of diabetes will increase by 39% globally over the period 2000 to 

2030 (Lipscombe and Hux 2007). The increase will be especially large in developing 

countries, where it has been predicted to increase by 73% as compared to a 20% 

increase in developed countries (Shobana et al 2009). Data has shown that during the 

last 25 years, the incidence of diabetes has doubled in United States of America, and 

multiplied by 3 to 5 times in China, Korea, Indonesia, India and Thailand (Yoon et al 

2006). Asia now accounts for 60% of the world’s diabetic population (Hu 2011). Using 
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China as an example, in 1980 only 1% of Chinese adults had T2DM and by 2008, the 

prevalence had reached 10% of adults (Yang et al 2010). It was once described as a 

“disease of affluence”, however now it is increasingly common among the poorer 

populations of the world, as is evident in the numbers above (Hu 2011).  

Globally, it is estimated that diabetes accounted for 12% of health expenditures 

worldwide in 2010 ($376 billion) and is expected to account for $490 billion by 2030 (Hu 

2011). It is important to note that the complications of diabetes, like CVD, must also be 

considered when calculating the cost of treating diabetes worldwide.  In 1997, in the 

United States of America alone, the cost of diabetes and its complications was $98 

billion, and this increased to $132 billion by 2002 (ADA 1998; Peterson 2003).  The 

costs of care for people with diabetes will only increase as more people with diabetes 

enter nursing homes (Peterson 2003). Furthermore, diabetes leads to lost work time 

and disability, which leads to greater numbers of individuals requiring government 

assistance. It is important to seek new food-based solutions and treatments to combat 

and better manage the occurrence of T2DM. Food based strategies are used to prevent 

complications with T2DM, as well as to help reduce the risk of increasing prevalence 

(Brand et al 1991; Brand-Miller et al 2003; Jenkins et al 1983). It has been suggested by 

the Diabetes Prevention Program that food based strategies be used as part of their 

lifestyle intervention program (Diabetes Prevention Program 2002). 

Looking specifically at Canada, the prevalence of diabetes is increasing. The population 

in the country is aging and along with increasing rates of obesity, the number of people 

with or at risk of, T2DM is increasing. People who are obese are 2 to 4 times as likely to 

have T2DM, and in 2009 23.9% of adults in Canada aged 18 or older were considered 
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obese. Additionally, nearly 2.4 million Canadians or 6.8% of the population were living 

with diagnosed diabetes in 2009 (Pelletier et al 2012); an increase of 70% since 

1998/1999. Furthermore, T2DM has increased in every age group and doubled in the 

35-39 year and 40-44 year age groups. In Ontario, Canada’s largest province by 

population, the prevalence increased by 27% in a 10 year span (Lipscombe and Hux 

2007). Furthermore, it has been found that immigrants to Ontario from South Asia, 

Africa, Caribbean and South America are at an elevated risk of T2DM in comparison to 

long-term residents of Ontario or North America (Creatore et al 2010). This risk is 

especially true for female immigrants (Creatore et al 2010). With the population in 

Canada drastically changing, new solutions to prevent T2DM need to be explored to 

prevent an epidemic and to help reduce the health costs, especially of the elderly. 

2.1.2 Crops in North America Today 

Climate change is a gradual process that threatens to lead to elevated sea levels and 

changes in rainfall patterns, eventually resulting in famine and crop failure. All of these 

can impact our food supply and what farmers are able to grow in the changing climate 

(Khasnis and Nettleman 2005). Global warming is based on the greenhouse effect in 

which solar radiation passes through the atmosphere and is absorbed by the Earth’s 

surface. The heat is then lost from the Earth’s surface as infra-red radiation and can be 

trapped by gases in the atmosphere. These are called greenhouses gases and include, 

among many other compounds, carbon dioxide, methane and hydrocarbons. Global 

population growth has led to an increase in the production of greenhouse gases. The 

direct effects of global warming on food production will be changes in temperature, 
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precipitation, length of growing season and changes in carbon dioxide concentration in 

the atmosphere (Khasnis and Nettleman 2005).  

Current environmental changes are affecting many major crops grown in North America, 

accounting for large crop losses. For example, the drought in the United States of 

America in 2012 specifically damaged corn and soybean production in the Midwest. 

This led to an increase in crop prices (USDA 2012). Combined with wheat, these crops 

account for approximately 85% of the world cereal exports (Parry et al 2004). Therefore, 

adaptations must be made to ensure the world’s population continues to be supplied 

with food. This includes changes in crops and crop varieties, changes in planting 

schedules, and improved water and irrigation schedules.  New crops and products must 

also be grown and created, respectively. Millet could be one of these new crops as it is 

able to grow under drought conditions, resistant to most pests and has a very short 

growing season.  

2.2 Glycemic Index 

In the mid-1970s, it was theorized that foods containing identical amounts of 

carbohydrates could induce different post ingestion glycemic responses (Crapo et al 

1977, Spaethe et al 1972). Based on this theory, research began to look at the rate of 

glucose absorption from carbohydrate rich foods and the results were documented 

systemically (Bornet et al 1989, Jenkins et al 1981). From this, the glycemic index (GI) 

concept was developed and initially proposed in 1981 by Dr. Thomas Wolever and Dr. 

David Jenkins at the University of Toronto.  The GI is a value that describes the rise in 

blood glucose following intake of carbohydrate rich foods, compared to the 

hyperglycaemic response induced by the intake of an equivalent load of a standard 
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carbohydrate food (Jenkins et al 1981, Rizkalla et al 2002. GI is technically defined as 

the incremental area under the blood glucose response curve of a specific portion of a 

test food expressed as a percent of the response to the same amount of carbohydrate 

from a standard food taken by the same subject (Brouns et al 2005). Foods are 

assigned a GI value based on the relative increases in blood glucose levels produced 

after the test food is ingested, compared to a standard food (white bread or glucose 

solution).  Foster-Powell and Brand-Miller published the first International Table of 

Glycaemic Index in 1995 and Foster-Powell updated it in 2002. It was recently updated 

again in 2008 (Atkinson et al 2008). 

Many studies have shown beneficial health benefits from eating foods with a low 

glycemic index (Bell and Sears 2003, Brand-Miller et al 2003, Giacco et al 2000, Hu 

2003, Jenkins et al 2002, Rizkalla et al 2002). Low GI foods have been demonstrated to 

be beneficial to individuals suffering from or at risk of a variety of different diseases. In 

persons with Type 1 diabetes, a low GI diet was found to induce a small but significant 

decrease in glucose profile, along with decreases in insulin requirements (Fontvielle et 

al 1988, Lafrance et al 1998). Furthermore, in persons with T2DM, low GI foods have 

allowed for efficient control of postprandial insulin and glucose excursions (Rizkalla et al 

2002). These low GI foods are able to induce only moderate or low glucose elevations 

after intake, leading to positive effects on satiety, mood and cognitive performance in 

both diabetic patients and healthy controls (Holt et al 1992). There is clinical evidence 

that dietary changes involving replacing foods with a higher GI by those with a lower GI 

result in improved glycemic control (Jarvi et al 1999, Jenkins et al 1988, Rizkalla et al 

2002). 
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In determining the GI of a food, a test food is compared to glucose, which has been 

arbitrarily assigned a GI value of 100. High GI foods increase blood sugar concentration 

quickly and provide energy to the body for a short amount of time. A high value GI is 

considered to be 70 or higher. A food with a low GI value causes a slower and more 

gradual rise in blood sugar and provides energy for a longer period of time. A low GI 

value is considered to be 55 or lower and moderate GI value would be from 56-69 

(Jenkins et al 1984). 

Low GI foods and diets have also been found to be beneficial in diabetes-related 

diseases, like obesity and cardiovascular disease (CVD). These diets have been found 

to increase HDL cholesterol and decrease total cholesterol (Rizkalla et al 2002). 

Furthermore, these diets have helped with weight control and the prevention of 

metabolic diseases (Larsen et al, 2010). Low GI foods have been advocated by the 

Food and Agriculture Organization and the World Health Organization (1998) for people 

without diseases as well. Based on all of these health benefits, it is important to 

investigate new foods that may have a low glycemic response. It is possible that millet 

may have a beneficial role in improving glycemic control is persons with T2DM and the 

glycemic index of millet must be determined using rigorous study.  

GI assesses the blood lowering ability of foods. There are two different methods utilized 

for the determination of glycemic index. The first method, referred to as in vivo glycemic 

index, is performed in a clinical environment and utilizes human volunteers. However, 

since clinical determination is impractical for routine use, the second method or in vitro 

glycemic index is sometimes used as an alternative (Mairal et al 2012). In vitro models 



 
 

9 

mimic the physiochemical processes involved in human carbohydrate digestion.  Both 

methods are discussed in detail in the following sections.  

2.2.1 In Vivo Glycemic Index 

In vivo glycemic index is determined using human volunteers. The volunteers are 

usually healthy, and have a regular glycemic response and a healthy body weight 

(Hatonen et al 2006). The participants are asked to fast for a 12 hour period before the 

ingestion of the test food. They are fed a reference food of either pure glucose or white 

bread. If white bread is used, then glucose is considered to have a GI of 140 (Hatonen 

et al 2006).  The participant’s blood is then taken at baseline (before consuming the 

food) and then again at 15, 30, 45, 60, 90, 120 minutes after consuming the food. These 

values are then used to measure the incremental area under the blood glucose 

response curve (AUC). At another study visit the same participant is fed a test food and 

then the same procedure is followed. GI is derived as the AUC of the test food divided 

by the mean AUC of the reference (which is repeated on three separate occasions), 

multiplied by 100 (Wolever et al 1991). An example of this can be seen in Figure 2.1. 
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Figure 2.1 An example of a blood glucose response curve for a test food and a 
reference food (glucose). 

Low GI foods (less than 55) have been shown to have many health benefits for 

diabetics, those at risk of diabetes, and healthy human beings. Low GI diets have been 

shown to reduce fasting, postprandial glucose, triacylglycerol and non-esterified fatty 

acid concentrations. Furthermore, these diets have been shown to increase the amount 

of HDL-cholesterol and decrease total cholesterol, while improving insulin-mediated 

glucose uptake. Low GI carbohydrates specifically have been shown to improve insulin 

sensitivity in persons with diabetes, obesity and cardiovascular disease (Rizkalla et al 

2002). A joint report of the Food and Agriculture Organization and World Health 

Organization recommended the use of glycemic index as a useful indicator of the blood 

glucose response to food (WHO, 1998).  
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2.2.2 In Vitro Glycemic Index 

In vivo glycemic index studies can be costly and time consuming so an expected 

glycemic index (eGI) or in vitro glycemic index procedure was created. The procedure is 

based on the method set forth by Englyst et al (1996). This method simulates the 

digestion that would take place in the human body and allows for the glycemic index to 

be estimated. It tries to estimate the biological response because the carbohydrate 

sensitivity to the digestive enzymes action is an essential factor in both the in vitro and 

in vivo action responses (Araya 2002).  

During in vitro GI studies, the food is ground and heated to 37°C, to simulate the 

temperature of the human body. The enzymes pancreatin, invertase, and 

amyloglucosidase (AMG) are added. The pancreatin contains amylase, lipases and 

proteases. The invertase breaks down the sucrose and fructose in the food to produce 

glucose. The AMG also produces glucose by breaking down any glucosidase bonds in 

the starches or dextrins. After two hours the enzymatic digestion is stopped by ethanol. 

Glucose Determination Reagent containing glucose oxidase and peroxidase (GOPOD) 

is added and the amount of free glucose is measured using a spectrophometer. 

Samples may be taken every 20 minutes during the two-hour digestion or just at time 

zero and then again once digestion is stopped (120 minutes).  

From the information gathered, many different values can be calculated, including 

Rapidly Digestible Starch (RDS), Slowly Digestible Starch (SDS), Resistant Starch 

(RS), Hydrolysis Index and Expected Glycemic Index (eGI). RDS is the starch that was 

released in the first 20 minutes of incubation and the SDS is the all the starch released 

during incubation minus the RDS. The resistant starch is the amount of the starch 
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remaining after incubation and is calculated by subtracting the sum of slowly digestible 

starch and rapidly digestible starch from the total starch. Hydrolysis index (HI) refers to 

the area under the starch hydrolysis curve of the test sample, compared to the area 

under the curve of a reference food. The eGI is then calculated based on the HI and a 

formula created by Granfeldt et al (1992). The eGI is the glycemic index you expect to 

obtain if a human is fed the test food, and is referred to as the in vitro glycemic index. 

2.2.3 Comparison of In Vivo and In Vitro Glycemic Index  

Although the purpose of the in vitro procedure is to simulate the in vivo procedure there 

are some discrepancies. For bakery products in particular, it is hard to find a strong 

correlation between the in vitro and in vivo GI (Brighenti et al 1995, Holm and Bjorck 

1992, Liljeberg et al 1992). Bakery products typically contain a complex matrix that 

influences the starch hydrolysis index (Behall and Scholfield 2005).  This matrix causes 

physical entrapment of starch molecules as well as interactions with fat, protein, dietary 

fiber and anti-nutrient content (Cavallero et al 2002; Marques et al 2007; Singh et al 

2010). As the starch molecules become entrapped within the matrix, it is harder for 

digestive enzymes to attack them and this decreases the glycemic response of the food 

(Brennan 2005). Consequently, if the starch matrix is disturbed, the glycemic response 

of the product will increase (Brennan and Cleary 2007; Singh et al 2010; Tudorica et al 

2002). During the in vitro method, these interactions could be lost due to the grinding of 

the product before the digestion and lead to an overestimated eGI being calculated. 

Sample preparation is very important during the in vitro method and must be consistent 

each time the method is used and for all test products involved in the study. Particle 

size is different between the two methods because grinding of food during in vitro 
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testing does not always result in the same particle size as that produced during chewing 

of the food during in vivo testing.  Due to this, the in vitro method can have a smaller or 

larger glycemic index than the in vivo method based on the amount of grinding that 

takes place (Ferrer-Mairal et al 2012). Furthermore, the in vitro method utilizes 

proteolytic enzymes that can also result in variations. The in vitro method also utilizes 

empirical equations and they must be applied properly (Ferrer-Mairal et al 2012). 

However, it is still very practical to determine eGI estimates for product screening 

because it is a more economical test from both a time and financial perspective. 

2.2.4 Factors Affecting Glycemic Index 

There are many factors in cereal grains and cereal grain products that affect the 

glycemic index.  Characteristics of the grain itself, processing conditions and nutritional 

components are all factors. Starch found in the grain is very important to its glycemic 

index. When the starch is physically available, hydrolytic enzymes are able to digest the 

starch at a faster rate (Crapo et al 1980). If the starch interacts with lipids, proteins, fibre 

or polyphenols, a decrease in the GI of the product can occur (Parada and Aguilera 

2011).  Furthermore, the starch’s amylose/amylopectin ratio affects the glycemic index, 

and as the amount of amylose present increases a lower GI is observed (Kabir et al 

1998).  

Processing can also alter the GI of the starch present in a grain. If the starch is allowed 

to gelatinize by heating the grain in the presence of water, and the granules swell, the 

GI increases as well. Once the starch has gelatinized it becomes more sensitive to 

enzymatic digestion and therefore increases the glycemic index of the food (Parada and 

Aguilera 2011).  Degree of gelatinization is dependent on moisture, time, temperature 
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and pressure during processing (Altan et al 2009). If the starch is allowed to retrograde 

after cooking then the GI decreases. Retrogradation occurs after the starch has been 

cooked and then cooled. The amylose and amylopectin are able to reorganize and 

create a more crystalline structure. This produces increased structural rigidity and a 

different starch matrix, which decreases GI of the grain (Chung et al 2006; Kendall et al 

2004). During the process of retrogradation, complexes could also be formed with other 

carbohydrates or lipids and protein. This leads to a slowing in gastric emptying and 

allows for a lower rise in blood glucose (Liljeber et al 1999). Grains can be ground or 

refined and this leads to an increase in surface area of the grain, allowing for more 

enzymatic digestion of starch and an increase in GI of the product (Parada and Aguilera 

2009). Coarse flours consisting of larger starch particles produce foods with lower GI 

(Anguila et al 2005). Furthermore, all particle sizes do not gelatinize simultaneously; 

larger granules increase in size first and have the effect of increasing the GI (Parada 

and Aguilera 2009). 

Nutritional components also play a role in the GI of a grain. Protein is able to decrease 

the GI of a grain through natural interactions with starch in the grain (Singh et al 2010). 

Removing gluten from wheat flour results in an increased rate of digestion and 

increases the GI. Adding the gluten back into the gluten free flour does not restore the 

initial glycemic response of the bread (Jenkins et al 1987). This demonstrates the 

importance of the interactions between starch and proteins and their combined effect on 

GI (Jenkins et al 1987). Protein influences GI via two other mechanisms: it can impede 

starch gelatinization and can stimulate insulin secretion. Both of these mechanisms are 

able to lower the GI of a grain (Chen et al 2012; Wolever et al 1991). Lipids and fibre 
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also can impede gelatinization and lower the GI of the grain (Englyst et al 2003; Ross et 

al 1987).  Henry et al (2008) proposed that monounsaturated fatty acids are able to 

lower glucose response through activation of incretin hormones, gastric inhibitory 

polypeptide and glucagon-like-peptide 1. The latter induces glucose dependent insulin 

secretion, inhibits glucagon release and reduces the absorption rate of nutrients. 

Furthermore, lipids and fibre can slow the gastric emptying and lower the GI (Frost et al 

2003; Wolever et al 1991). Fibre increases the viscosity of the gastric contents, which 

restricts access to the starch by digestive enzymes and therefore lowers the GI. Fibre 

has also been shown to alter the activity of pancreatic amylase due to many different 

factors including pH change, ion exchange properties and enzyme inhibitors (Riccardi 

and Rivellese 1991; Rizkalla et al 2002).  Polyphenols inhibit carbohydrate hydrolyzing 

enzymes and can prevent their digestion and absorption (Bravo, 1998). Both of these 

mechanisms involve interactions with digestive enzymes and lead to a lower glycemic 

response. There are many different factors that can affect glycemic index, and millet 

possesses many of these GI lowering components. 

2.3 Millet 

2.3.1 What is millet? 

Millet is a generic term applied to various small seeded cereals, minor cereals or forage 

grasses and is considered a poor man’s cereal. Examples of millet include Italian millet 

(Setaria Italica), finger millet  (Eleusine coracana), pearl millet (Pennisetum glaucum), 

barnyard millet (Echinochloa), proso millet (Panicum mitiaceum), kodo millet (Paspalum 

scrobiculatum) and little millet (Panicum sumatrense). Millet is an ancient crop and has 

been cultivated for thousands of years. There is evidence that millet was grown in 
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Northern China around 5800 BC, as well as in India (2000 BC) and West Africa (2400 

BC) (De Wet et al 1982; Lin et al 2012; Manning et al 2011; Yang et al 2012).  

Millet is traditionally grown in semi-arid conditions and over a short time period, which 

allows it to be grown anywhere around the globe (Kasaoka et al 1999).  Today, millet is 

mainly produced in Asian and African countries, with India being the largest producer 

(FAO 2012). They are considered to be drought resistant and can handle low soil 

fertility, moisture stress, and diseases (Ashraf et al 2002). Millet is produced with 

substantial yields in a wide range of soils and climates (Malleshi et al 1986). In some of 

the poorer economic regions where it is grown, millet is a staple food and a principal 

source of energy, proteins, vitamins, and minerals (Matuschek et al 2001). But in North 

America millet is usually used as bird feed or exported to other countries.   

The small size of millet makes the cereal grain difficult to decorticate (removal of the 

outer layer of the seeds). Millet can vary in size and shape, however most are spherical 

in shape. Like other cereal grains, millet consists of a pericarp, germ and endosperm.  

There tends to be two types of pericarp in millet, termed thick and thin; and the millet 

with the thicker pericarp has an increased amount of bran (Abdelrahman et al 1984). 

The pericarp contains a high amount of phenolics, specifically flavanols, and they form 

most of the bran fraction (Akingbala 1991; Chandrasekara and Shadidi 2010).  The 

phenolics most common in the bran are ferulic acid and their oxidatively coupled 

products, diferulic acids. Millet that is dark pigmented (kodo and finger millet) has been 

shown to have a higher amount of phenolics in the bran than millet with a white pericarp 

(pearl, proso, foxtail and little millet) (Chandrasekara and Shadidi 2010). The germ in 

millet is about twice the size of that in corn and sorghum, and contributes to higher 
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protein content in the grain (Mustafa et al 2008). The germ also contains a high amount 

of oil or triglycerides, which are usually unsaturated fatty acids (Akingbala et al 2002; 

Nantanga et al 2008). Millet has a lipid content of 1.5% to 9.3% with the main fatty acids 

being palmitic, oleic and linoleic acid (Ravindran 1991). Millet endosperm has a very 

soft and fragile texture that does not withstand impact well (Akingbala et al 2002).  It is a 

largely floury portion and crumbles to fine grits when the seed coat or pericarp is 

removed.  The endosperm consists of loosely packed starch granules, non-starchy 

polysaccharides, cell walls, proteins and a small amount of lipid globules (Nantanga et 

al 2008; Shobana and Malleshi 2007). Millet generally contains about 60% starch, with 

25% to 30% being amylose (Malleshi et al 1986). The general chemical composition 

includes 16% protein, 4.5% fat and 2.5% ash (Burton et al 1972). It contains many 

different micronutrients as well; sodium (150-315 mg/kg), potassium (2300-4000mg/kg), 

magnesium (600-1000 mg/kg), calcium (0.5-1.70 mg/kg), iron (28-88 mg/kg), zinc (30-

50 mg/kg), manganese (4-8 mg/kg and copper (5-8 mg/kg) on a dry weight basis (Shar 

et al 2012).  Millet has a very unique composition and this contributes to many of its 

nutritional attributes. 

2.3.2 Nutritional Benefits of Millet 

Millet is gluten free and nutritionally comparable or superior to major cereals. Table 2.1 

compares proso millet to hard wheat typically grown in Canada. Millet has a high fibre 

content, particularly kodo and foxtail millet (Pathak et al 2000). Along with the high fibre 

content, millet contains a high amount of resistant starch (Ragaee et al 2006), high 

levels of calcium, iron, potassium, phosphorous, and zinc (Mustafa et al 2008; 

Lestienne et al 2007; Oshodi et al 1999). Furthermore, in comparison to other grains 
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such as rice, millet has been shown to have a higher amount of protein (Agie et al 1995; 

Akingbala et al 2002).  Like other grains, millet is most limited in the amino acid lysine, 

followed by threonine and valine (Al-Kanhal et al 1999). However, it is richer in the 

essential amino acids such as leucine, isoleucine and methionine compared to other 

cereal grains (Kalinova and Moundry 2006). Millet has a higher fat content than other 

cereal grains and has a high amount of triacylglycerols along with sterols, esters, free 

fatty acids and hydrocarbons (Ragaee et al 2006). The most abundant fatty acid is 

linolenic acid followed by oleic acid and palmitic acid (Mustafa et al 2008). Millet 

contains glucose, fructose, sucrose and raffinose, with sucrose being the predominant 

sugar (Hadimani et al 2001). The main classes of phenolic compounds in millet are 

hydrobenzoic acids, hydroxycinnamic acids and flavonoids (Chandrasekara and Shahidi 

2011). All of these phenolics exhibit antioxidant activity and are able to scavenge 

radicals (Ragaee et al 2006). 
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Table 2.1 Proso Millet Compared to Canadian Hard Wheat 

Characteristic
1
 Proso Millet Canadian Hard Wheat 

Starch 70.4 77.4 

Protein
2
 12.5 13.5 

Fat 3.2 0.98 

Fibre 14.95 4.59 

Iron (mg/kg) 199.8 13.2 

Potassium (mg/kg) 2879 3498 

Calcium (mg/kg) 508.6 159.5 

1 All values are in the % dry basis, unless noted 
2 Nitrogen to protein conversion factors are 5.7 for wheat flour and 6.25 for millet flour  
(Annor 2013) 

Although millet has exceptional nutritional properties, it also contains a number of 

compounds that are anti-nutritients including phenolics, phytate and tannins (Lestienne 

et al 2005). In addition to being antioxidants, phenolics can bind nutrients and make 

them unavailable for human absorption. For example, there is a negative correlation 

between human absorption of iron and the phenolic content of cereal grains (Matuschek 

et al 2001). Phytate is a chelating agent that reduces the bioavailability of divalent 

cations (iron, calcium, magnesium) in millet (Lestienne et al 2005). Tannins are 

polyphenolic compounds that bind to proteins, carbohydrates and minerals (Kannan 

2010). The phytate and tannin content decreases after soaking, germinating, milling or 

heating/cooking the millet (Lestienne et al 2007; Hemalatha et al 2007).  
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Even though phytates and tannins are seen as anti-nutritients, they are still potentially 

beneficial to humans. These compounds reduce starch digestibility and inhibit digestive 

enzymes, which in turn produce a lower peak level in blood glucose (Mbithi-Mwikya et al 

2000).  Furthermore, tannins and phytate have been shown to contribute to antioxidant 

activity.  

Other health benefits of millet have been reported in literature, including antimicrobial 

properties, anti-ulcerative, cholesterol lowering and wound healing (Antony et al 1998; 

Hegde and Chandra 2005; Pore and Magar 1976; Rajasekaran et al 2004; Tovey et al 

1975). Millet has been reported to have a hypoglycemic response (Lakshmi and 

Sumathi 2002; Shobana et al 2009; Vijayakumar et al 2010). Based on this information, 

millet appears to convey a myriad of health benefits to humans. 

2.3.3 Past Glycemic Index Studies on Millet 

The importance of millet’s hypoglycemic response has been highlighted as far back as 

1957 (Ramananthan and Gopalan 1957). Millet contains many compounds that can 

contribute to a low glycemic response. Phenolics found in the seed coat of millet are 

able to inhibit amylase and glucosidase (Shobana et al 2009). Through this action, 

phenolics are able to influence glucose uptake and suppress postprandial blood glucose 

surges (Chandrasekara and Shahidi 2011; Kunyanga 2012).  Resistant starch, fibre, 

protein and fat are all in present in the grain and lead to a slow gastric emptying, which 

in turn lowers the rise in blood glucose (Dixit et al 2011; Kumari and Sumathi 2002). 

Additionally, these compounds are able to form complexes with carbohydrates, making 

it more difficult for the enzymes to digest the carbohydrates (Chandrasekara and 

Shahidi 2011) The anti-nutrients present in millet play a role in lowering glycemic index 
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by interacting with the amylase protein and binding with minerals such as calcium. 

These minerals are known to potentiate amylase activity (Deshpande and Cheryan 

1984). This binding has led to a negative correlation between phytic acid concentration 

and GI (Mbithi-Mwikya et al 2000, Thompson and Yoon 1984, Yoon et al 1983).  

The reason for millet’s lower glycemic response is not clearly understood, however 

recent research does suggest some reasons. The characteristics of native and 

enzymatically hydrolyzed finger millet starches were studied and it was concluded that 

the finger millet starch was much more resistant to hydrolysis than rice starch (Annor 

2013). These researchers suggested this could be due to the rigid starch granule 

architecture seen in the finger millet starch compared to the rice (Mohan et al 2005).  

The fibre content in millet has also been suggested as the reason for its hypoglycemic 

property. Millet contains soluble and insoluble fiber contents of 2.5% and 19.5%, 

respectively (Shobana and Malleshi 2007). Fibre is able to decrease the GI of the food 

by slowing the gastric emptying and increasing the viscosity of the gastric contents 

(Frost et al, 2003). Fibre can also influence the activity of amylase due to pH change, 

ion exchange properties and enzyme inhibitors in the gut (Riccardi and Rivellese 1991). 

Overall, fibre works to decrease the glycemic response of food.  

A number of studies have indicated that millet is a low GI food and would be beneficial 

to those suffering from T2DM. However, these studies have many limitations, which are 

outlined in Table 2.2. The main limitation in these studies is the small number of 

volunteer participants (6); it is standard for glycemic index studies to utilize 10-12 

volunteers (Brouns et al 2005).  Many studies used products that were a mixture of 

millet and other grain flours, or a mixture of millet with other low GI ingredients (legumes 
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and fenugreek). None of the studies below took into account the effect of product matrix 

and how it may differ among products.  
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Table 2.2 Human Glycemic Index Studies Investigating Millet 

Study Type of Study Type of Millet Study Outline 

2000, Pathak et 
al. 

Human GI 
Study 

Foxtail Millet 

Barnyard 
Millet 

- Products contained legumes and 
fenugreek (low GI foods) 

- Not 100% millet products 

- Compared 5 healthy females to 5 
males with T2DM 

2002, Lakshmi- 
Kumari and 

Sumathi 

Human GI 
Study/Interventi

on 

Finger Millet - 6 participants in study 

- Did not compare product 
characteristics (flatbread vs. 

pancake) 

- Contained differing amount of 
millet flour in products 

2004, 
Abdelgadir et al. 

Human GI 
Study 

Millet 
purchased in 

Sudan 

- Use of fermented flour 

- Some volunteers were on 
medication, others were not (4/6) 

- Did not compare product 
characteristics (porridge vs. 

flatbread) 

2007, Shobana 
et al. 

Human GI 
Study 

Finger Millet - 56% of millet used in products 

- Product included legumes (a low 
GI food) 

2010, Anju and 
Sarita 

Human GI 
Study 

Foxtail Millet 

Barnyard 
Millet 

- Formulation contained 45% millet 
flour 

2010, Thathola 
et al. 

Human GI 
Study/ 

Intervention 

Foxtail Millet - Formulation contained 45% 
(biscuit) and 57% (burfi) millet flour 

2011, Ugare et 
al. 

Human GI 
Study/ 

Intervention 

Barnyard 
Millet 

- 6 participants in GI study 

- Intervention study was conducted 
on only 9 participants with T2DM 

2011, Shukla 
and Srivastava 

Human GI 
Study 

Finger Millet - Products consisted of 30%, 40%, 
50% millet flour 



 
 

24 

All of the studies listed in Table 2.2 have demonstrated that products containing 

different types of millet and differing amounts of millet resulted in a lower glycemic 

response. Specifically, the intervention studies demonstrated that products, ranging 

from biscuits made with a proportion of millet to heat treated millet, were able to reduce 

the blood glucose, cholesterol, LDL cholesterol levels while increasing the HDL values 

from baseline values (Thathola et al 2010; Ugare et al, 2011). However, based on the 

limitations listed in the table above, more studies must be done before millet can be 

considered a low GI product. Furthermore, this is a wide variety of millets and each 

variety of millet should be identified for its’ own glycemic response. It is not adequate to 

generalize millet as a low GI product as each variety of millet has its own specific 

characteristics. 

Overall, there are many gaps in the research done on the glycemic effect of millet that 

need to be addressed. Primarily, the glycemic effect of products manufactured from the 

100% millet needs to be investigated, and the utilization of only millet flour may lead to 

additional health benefits or a lower glycemic response. Also of importance is how 

processing or decortication (refining) changes the glycemic response to millet. Finally, 

none of the studies outlined in Table 2.2 address the glycemic response of proso millet 

or millet grown in North America in general. The studies look at the glycemic response 

of traditional products made from millet, but do not discuss new products and how they 

may benefit from the addition of millet.  This work being undertaken in the present 

project will seek to fill the research gaps about millet and allow for millet to be used as a 

functional ingredient in many different products. 
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2.3.4 Sensory Attributes of Millet 

Sensory evaluation of millet products that are developed must be performed to ensure 

the food produced with millet is not only functional, but its looks and taste are also 

appealing to consumers. Few studies exist examining sensory attributes of millet, but 

those done will be summarized here.  The studies that have been conducted are mostly 

international and on traditional foods that are not common to North American 

consumers. There is a need for studies to be conducted in North America to determine 

whether millet can be incorporated into products that are acceptable and appealing to 

people living in this area. In addition, many studies have examined incorporating millet 

flour with wheat flour, not looking specifically at millet flour on its own.  

Many of the previously conducted sensory studies concentrated on the use of pearl 

millet incorporated with soybeans (Obatolu 2002), sesame seeds (Alobo 2001) and 

pigeon pea flour (Eneche 1999) to add more nutritional benefits to the products. The 

products tested in these studies were respectively malted millet/ soybean extrudates, 

millet/sesame seeds biscuits and millet/pigeon pea biscuits.  All the products were 

found to be acceptable to consumers. However Obatolu (2002) found that millet, 

specifically malted millet, created brown extrudates, which were given low acceptability 

scores for colour. Reducing the amount of millet flour and increasing the amount of 

white sesame seed flour resulted in higher flavour liking, crispness liking and overall 

acceptability (Alobo 2001). Other studies conducted in Africa evaluated traditional 

products (fura, kunu and porridge) and showed that millet based foods were acceptable 

to consumers (Adebayo et al 2010; Jideani 2002; Jideani and Danladi 2005; Nantanga 

et al 2008).  
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Studies conducted in India investigated the replacement of wheat flour with millet flour. 

However, all of the studies found that as the level of incorporation of millet increased, 

the acceptability of the product decreased.  Finger millet (germinated and 

ungerminated) replaced wheat flour in biscuits at levels of 30%, 40% and 50% (Shimray 

et al 2012). Researchers found that both native and germinated finger millet reduced 

acceptability scores; specifically above 40% incorporation and the biscuits had a dark 

crust and crumb colour. Another study replacing wheat flour with barnyard, proso and 

finger millet in bread showed similar results, but concluded that millet can replace wheat 

in bread to some extent (Singh et al 2012). Krishnan and Prabhasankar (2010) replaced 

semolina flour in pasta with finger millet flour, and a mixture of finger millet and green 

banana flour. They found that as the amount of finger millet flour increased the sensory 

scores decreased, and became much lower than that of the control made from semolina 

flour. 

The studies outlined above all involve participants who were familiar with millet and its 

characteristics. Most people in North America are not familiar with millet and millet 

products, however the health benefits of millet are likely to be attractive and could be 

beneficial to the North American population. There has been only one sensory 

evaluation study completed in North America in the last 20 years. Millet flakes were 

created from three varieties of white proso and foxtail millet to make a breakfast cereal 

(Ferriola and Stone 1998). It was found that as the colour darkened, the aftertaste 

increased in intensity. Bitter and burnt were the two prevalent aftertastes. Ferriola and 

Stone (1998) concluded, even with these negative attributes, that it seemed feasible to 

use millet to formulate a healthier breakfast cereal. This is only one study pertaining to 
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two varieties of millet processed using one method, and there is still a large gap in 

knowledge about North American consumer’s reactions to the sensory properties of 

millet and millet products designed for their diet. 

2.4 Conclusion 

Millet could be used in the management of postprandial blood glucose control for those 

suffering or at risk of T2DM, along with other nutritional or health reasons due to its low 

glycemic property. Other than it’s hypoglycemic property, millet contains many other 

healthy benefits including being a good source of fibre and protein. Millet is also a 

drought resistant grain, making it a very important grain to investigate as climate change 

continues to occur. However, whether or not millet can be produced into food items that 

are enjoyed by North Americans has not yet been investigated. Furthermore, the effects 

of different processing methods on millet’s low glycemic response still needs to be 

determined. Millet has been incorporated into traditional foods of South Eastern Asia 

and Africa, however it has never been used to produce foods common to North 

Americans. Millet is usually incorporated into foods with the addition of other flours, but 

the question that remains unanswered is what functionality does food contain that is 

produced from only millet flour. Understanding how the matrices of North American food 

affect the glycemic response of millet would be helpful in evaluating its use in the 

western world. Furthermore, studies need to evaluate North Americans’ response to the 

sensory attributes of the new formulated millet products. The 100% millet product will 

also need to be evaluated to ensure that it meets the needs and expectations of North 

American consumers. Overall, the use of millet in North American diets needs to be 

explored thoroughly before millet can be considered a potential grain of importance. 
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Therefore, the overall aim of this research is to study the nutritional effects and sensory 

properties of millet based products designed for a North American diet. 

In this study proso millet will be investigated exclusively. Proso millet is currently grown 

in North America and has been evaluated by Anderson (2014) on its milling capabilities 

and extrusion properties. Building on the work done by Anderson (2014) decorticated 

proso millet will manufactured into four different products. Furthermore proso millet will 

be examined in this study because the glycemic index of proso millet has not been 

investigated.  

Specific objectives include; 

1. To develop food products from 100% millet flour and placebo foods produced with 

corn flour. 

2. To analyze and characterize these products (millet and control) and investigate their 

expected glycemic index (eGI) through in vitro digestibility.  

3. To validate that the millet products are in fact low GI through an assessment of their 

in vivo glycemic response after consumption in a human GI study.  

4. To differentiate the millet products from the control and define the like and dislikes of 

the millet products through sensory analysis.  
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Chapter 3: Characterization of proso millet based products 
Abstract 

Refined proso millet and refined corn were used to produce four different product types 

(biscuit, couscous, extruded snack, porridge). The products used four different grain 

combinations (100% proso millet, 75% proso millet 25% corn, 25% proso millet 75% 

corn and 100% corn). All of the products were evaluated for their nutritional composition 

and their expected glycemic index. Refined proso millet was found to increase the 

protein (7.6-11.3%), lipid (1.2-6.1%), fibre (7.0-8.8%) and phenolic content (323.5-425 

ug/g) of the products compared to those incorporating corn flour (2.5-9.0%, 0.8-4.0%, 

2.1-4.1%, 213-315 ug/g, respectively). It was also found that as the proso millet content 

increased, the eGI decreased (p<0.05). Products made from refined proso millet appear 

to be a good candidate to produce low GI gluten free foods. However, a human GI study 

and sensory properties must be evaluated before proso millet can be considered by the 

food industry. 

Keywords: proso millet, expected glycemic index, gluten free  
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3.1 Introduction  

Millet is a small seeded crop that exists in a range of varieties, from the major millets 

such as pearl millet (Pennisetum glaucum) and proso millet (Panicum miliaceum), to 

minor millets like kodo millet (Paspalium scrobiculatum) and barnyard millet 

(Echinochloa colana). Millet is able to grow in drought conditions and has been shown 

to grow in a very short time period (Ashraf et al 2002; Kasaoka et al 1999). Millet 

varieties are able to tolerate low soil fertility, moisture stress and diseases (Ashraf et al 

2002). Millet is of importance in the diets of populations living in Central and Eastern 

Asia, China, India and some parts of Africa (Fujita et al 1996).  In these countries millet 

is traditionally consumed as porridge or flatbread. However, in North America it is 

mainly used as bird or poultry feed (Mangay 1957). 

Millet contains about 65-75% carbohydrates, 5-10% protein and 15-20% dietary fibre 

(Chethan and Malleshi 2007). It is a good source of minerals, 2.5-3.5%, especially 

calcium, iron and phosphorous (Subb Rao and Muralikrishna 2001). Millet is considered 

to have the highest calcium content of cereal grains, at about 344 mg/100g (Devi et al 

2011).  There are many polyphenols found in millet, and in combination with the dietary 

fibre, millet is known to have several health benefits such as antioxidant, antimicrobial 

and hypocholesterolaemic properties (Devi al 2011). Furthermore, millet is gluten free 

and has been reported to be beneficial in the management of type 2 diabetes (T2DM) 

(Chandrasekara and Shahidi 2011; Pagano 2006; Tovey 1994).  

These nutritional properties could be beneficial to consumers living in North America. 

However, there are very few scientific reports of millet being used in the manufacturing 

of food products that are common to North Americans. With T2DM on the rise and the 
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effect of global warming on traditional crops, it is important to investigate new crops, like 

millet, due to its low glycemic and drought resistant properties. Currently, millet is not 

commonly consumed in North American diets. It is used in animal feed and in birdseed.  

For millet to be incorporated into the North American diet, it must be incorporated into 

new food products that are acceptable to the consumers. Additionally, the physical and 

chemical compositions of millet need to be investigated. Also, the functionality of that 

product should not change due to the addition and replacement of flour with millet flour.  

Furthermore, during the addition of millet to new foods, it must be investigated if some, 

if not all of the health benefits are maintained or they changed due to the processing of 

the food. Additionally, millet has been found to have a bitter taste that is not well liked by 

consumers, which has led to decortication of millet (Ferriola and Stone 1998). The effect 

of decortication on millet’s health benefits and functionality must be investigated. In this 

study four different product types will be tested; a biscuit (a high moisture food), an 

extruded snack (a low moisture food), a couscous-like product (a grain intact food) and 

porridge, the traditional product made from millet. These product types were chosen to 

evaluate a wide range of processing conditions and the effect of different product 

matrices have on the functionality and health benefits associated with millet. Corn was 

chosen as the control for this study, as it is common to North American consumers 

(Ranum et al 2014). The objective of this study is to evaluate the physical and chemical 

characteristics of decorticated proso millet based foods produced for consumption in 

North America. 
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3.2 Materials 

Four product types were investigated (porridge, biscuits, extruded snacks and 

couscous) with four different grain blends used in all of the products; 100% Refined 

Proso, 75% Refined Proso Flour/25% Refined Corn, 25% Refined Proso Flour/75% 

Refined Corn and 100% Refined Corn. 

3.2.1 Flour Production 

All products used during testing were manufactured from Colorado white proso millet 

(Erker Grain, Fort Morgan, CO, U.S.A) and corn meal (Bunge, St.Louis, MO, U.S.A). 

Refined forms of the grains were used to produce the couscous while porridge and 

biscuits were produced using milled flours. For flour production the proso millet was 

refined and milled by Satake-USA (Stafford, Texas) using the procedure outlined in 

Anderson et al (2014). Corn meal was milled to produce flour by Bunge (St. Louis, MO, 

U.S.A). The flour and the grains were shipped to the University of Guelph (Guelph, ON, 

Canada) for storage in a -18°C freezer, until product testing.   

 

3.2.2 Biscuit Preparation 

Biscuits were prepared using the four different corn and millet blends as shown in Table 

3.1.  For each biscuit, 248 g of flour was mixed with baking powder, egg, unsalted 

butter, salt and milk. The complete formulation can be seen in Appendix A.1. Forty-

seven grams of thoroughly mixed batter was placed in a 7.6 cm diameter muffin mold 

and baked at 425°F for 15 minutes.  All ingredients except the corn flour and proso 

millet flour were purchased from the local grocery store in Guelph, Ontario, Canada. 

After manufacture the biscuits were stored in a -18°C freezer for up to 2 months. 
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Table 3.1 List of Proso Millet/Corn Biscuits 

Name Flours 

B100 100% refined proso millet flour/0% refined corn flour 

B75 75% refined proso millet flour/ 25% refined corn flour 

B25 25% refined proso millet flour/75% refined corn flour 

B0 0% refined proso millet flour/ 100% refined corn flour 

 

3.2.3 Porridge Preparation 

Porridge was prepared from refined millet flour and cereal flour in proportions shown in 

Table 3.2. For preparation, 50 g of flour was added to 490 ml of boiling filtered water.  

The flour and water mixture was allowed to simmer for 25 minutes with the pot lid on 

and then was removed from the heat. The porridge was then freeze-dried before 

testing. 

 

Table 3.2 List of Proso Millet/Corn Porridge 

Name Flour 

P100 100% refined proso millet flour /0% refined corn flour 

P75 75% refined proso millet flour / 25% refined corn flour 

P25 25% refined proso millet flour /75% refined corn flour  

P0 0% refined proso millet flour / 100% refined corn flour 

 

3.2.4 Extruded Snack Preparation 

The extruded snacks (Table 3.3) were produced at the Bunge Innovation Centre 

(Bradley, IL, U.S.A.) using refined corn meal and refined millet grains using proportions 
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of grains shown in Table 3.3. Both the corn meal and refined millet were moisture 

adjusted to 14.0% moisture. Following mixing in a ribbon blender the corn meal and 

millet were transferred to a weight in loss hopper/feeder (American Extrusion 

International, South Beloit, USA) The extrudates were produced from these cereals 

using an Advantage 50 Single Screw extrusion system (American Extrusion 

International, South Beloit, IL, U.S.A.). Extrusion conditions were optimized to produce 

extrudates with maximum expansion properties. A 30.5 cm screw with a single flow 

plate was used with an eight-hole die. The die openings were 3.5mm in diameter. 

Extruder conditions were as follows: feedstock feed rate 90kg/hour, screw speed 325 

rpm, motor amperage 35 amp, die temperature of 150°C and knife speed 300 rpm. The 

extruder conditions were held constant throughout the experiment. The extrudates 

ranged in length from 18 mm to 34 mm in length, and 8.5 mm to 13.8 mm in width.  

After transport to the University of Guelph, the extrudates were stored in a -18°C 

freezer. 

 

Table 3.3 List of Proso Millet/Corn Extruded Snacks 

Name Grains 

E100 100% refined proso millet/0% refined corn  

E75 75% refined proso millet/ 25% refined corn  

E25 25% refined proso millet /75% refined corn  

E0 0% refined proso millet / 100% refined corn  
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3.2.5 Couscous Preparation 

The couscous was produced using refined proso millet grains and corn meal in the 

proportions shown in Table 3.4. After receipt of the grains, the refined proso millet and 

corn meal were manually blended together at the University of Guelph. Additionally, a 

whole grain proso millet grain was included for testing in order to investigate how the 

decortication process affected the composition of the grain. All couscous products were 

manufactured at the University of Guelph. For preparation of couscous, 90 g of grain 

was added to 250 ml of boiling filtered water. The grains were allowed to simmer on the 

stove for 15 minutes with the pot lid on and then the pot was removed from the heat. 

The pot was then left covered for 15 minutes before testing. After production, the 

couscous was freeze-dried before testing. 

 

Table 3.4 List of Proso Millet/Corn Couscous 

Name Grains 

CC100 100% refined proso millet/0% refined corn  

CC75 75% refined proso millet/ 25% refined corn  

CC25 25% refined proso millet /75% refined corn  

CC0 

WCC100 

0% refined proso millet / 100% refined corn 

100% whole grain proso millet  

 

 

3.3 Methods 

All tests were performed on all food items, except for the water absorption index (WAI) 

and water solubility index (WSI), which was only performed on the extrudates. Prior to 
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all tests, samples and products (frozen extrudates and biscuits and freeze dried 

couscous and porridge) were milled for 2 minutes with a Smart Grind Stainless Steel 

Coffee Bean Grinder, model CBG100S (Black and Decker, USA). A ten-piece count 

was completed on the extrudates (Altan et al 2009).  

3.3.1 Water Absorption Index and Water Solubility Index 

 The WAI and WSI were measured for all extruded snacks using methods adapted by 

Altan et al (2009). For each treatment, 25g of extrudate was ground and suspended in 

25 mL of distilled water at room temperature. After gently stirring for 10 minutes, the 

sample was centrifuged for 15 minutes at 1000x g (Sorval RT1 Centrifuge, Thermo 

Fisher Scientific Inc, Ottawa, ON).  The supernatant was decanted into an aluminum 

pan. The WAI was calculated as the weight of the sediment obtained after the removal 

of supernatant per unit weight of original solids, on a dry basis. The WSI is the 

percentage of dry matter recovered after the supernatant is evaporated. To calculate 

this, the supernatant was dried in a vacuum oven at 85°C for 24 hours and then 

weighed. The WSI was the weight of dry solids in the supernatant expressed as a 

percentage of the original weight of sample on a dry basis (Jin et al 1995). The WAI and 

WSI were completed in duplicate on three different samples from each treatment; E100, 

E75, E25, E0.  

3.3.2 Colour Determination 

The colour of all products was measured using the L*, a* and b* colour scale Testing 

was completed using a Hunter Colorimeter (Hunter Associates Laboratory, Inc., Reston, 

Virginia, United States of America). Each sample (25g) was placed in a petri dish and 

evaluated in duplicate on three different samples after standardizing the instrument.  
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3.3.3 Product Composition  

The nutritional composition of all products was conducted in duplicate. Ash 

determination was performed according to AOAC 923.03 (AOAC 2000). Moisture 

content determination followed AOAC air oven method 945.14 (AOAC 1990). The 

nitrogen content was determined by AOAC method 990.03 using a FP-528 Leco 

Instrument (Mississauaga, ON, Canada). The nitrogen to protein conversion factor used 

was 5.7 (AOAC 1997).  The lipid content of the products was determined following 

AOAC method 991.36 (AOAC 1995). The lipids were extracted in a Soxhlet apparatus 

for 6 hours with petroleum ether as the solvent, and then the flask was dried overnight 

at 50°C in a dry air oven. The total dietary fibre was measured using the gravimetric 

procedure by AACC method 32-07 (AACC 2008).  

3.3.4 Total Starch Analysis 

A Megazyme assay kit (K-TSTA, Megazyme International Ireland Ltd, Ireland) was used 

to measure total starch content. The amount of glucose produced by the hydrolysis of 

starch was estimated by measuring the absorbance at 510 um (Cary 1-Bio UV visible 

spectrophotometer, Ontario, Canada). 

3.3.5 Phenolic Content and Antioxidant Activity 

The procedure outlined by Ragaee et al. (2012) was used to extract the free and bound 

phenolics from each sample. The free and bound phenolics were then quantified using 

Folin Ciocalteu reagent (Fisher Scientific, Ottawa, Ontario, Canada) and absorbance 

was measured at 725 nm (Cary 1-Bio UV visible spectrophotometer, Ontario, Canada) 

(Ragaee et al 2012).  Ferulic acid concentration in the range of 50 to 350 µg/mL was 

used as the standard and formed the basis for the regression equation for 
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quantification. Scavenging Capacity Radical 2 (2-diphenyl-1-picrylhydrazyl radical, 

DPPH) was used to estimate scavenging capacity of the extract of free and bound 

phenolics (Ragaee et al 2012). The absorbance was read in duplicate at 517 nm (Cary 

1-Bio UV visible spectrophotometer, Ontario, Canada) for two different samples of each 

product. 

3.3.6 In Vitro Digestibility and eGI 

In vitro digestibility on both the raw and cooked samples was conducted following the 

method established by Englyst et al 1992. An enzyme mixture of pancreatin from 

porcine pancreas (Sigma-Aldrich P-1625, activity 3x USP/g), invertase from baker’s 

yeast (Saccharomyces sereviciae) (1450, Sigma-Aldrich) and amyloglucosidase 

(200U/ml p-nitrophenyl !-maltoside) (Megazyme International, Bray, Ireland) was 

prepared according to Englyst et al (1992). The product samples were then weighed 

such that they contained 800 mg of starch on a dry weight basis. Then 5 mL of the 

enzyme mixture and 10 mL of 0.1 M sodium acetate buffer (pH-5.2) were added to the 

samples. The samples were incubated for 2 hours and 0.1 mL aliquots taken every 20 

minutes. These aliquots were put into 80% ethanol to stop hydrolysis. A glucose 

oxidase/peroxidase assay (Megazyme) was then used to determine the amount of 

glucose released. The amount of glucose released was converted to starch by 

multiplying by 0.9 (Annor et al 2013). The hydrolyzed starch was classified into rapidly 

digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (RS) 

according to Englyst et al (1992). The calculations were as follows:  

RDS= glucose released at 20 min x 0.9 

          [equation 1] 
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SDS= ((glucose released at 120 min- glucose released at 20 min) x 0.9)  

[equation 2] 

  

RS= total starch- (RDS+SDS)         

[equation 3] 

 

Goni et al developed a non-linear equation, to describe the kinetics of hydrolysis of the 

products (1997): 

 

C-C! (1-e-kt)            

[equation 4] 

 

C is the starch hydrolyzed at a time (t), C! is the equilibrium concentration at the final 

time (120 minutes), k is the kinetic constant and t is the chosen time. The hydrolysis 

index (HI) was calculated by dividing the area under the hydrolysis curve (AUC) of the 

sample by that of white bread (the reference sample) as reported by Goni et al (1997). 

The AUC was calculated by the equation, where tf is the final time and to is the initial 

time. 

 AUC= C!(tf-to)-(C!/k)[1-e-k(tf-to)]       

[equation 5]  

The hydrolysis index: 

AUC of Sample/AUC of White Bread       

[equation 6] 
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The eGI was calculated as described by Granfeldt et al (1992) 

eGI=8.198+0.862(HI)         

[equation 7] 

 

3.3.7 Statistical Analysis 

All collected data was subjected to an Analysis of Variance (ANOVA) and a Tukey’s 

Honest Significant Difference (HSD) Test (IBM SPSS STATISTICS Version 2, IBM, New 

York, NY, U.S.A) to establish significant differences in the flour/grain formulations of the 

products. 

3.4 Results and Discussion 

3.4.1 Product Characteristics 

Refined proso millet was used to produce four different product types. The refined proso 

millet was used to manufacture extruded snacks (a low moisture product), as well as a 

couscous-like product (a moderate moisture food). It was also used to manufacture a 

biscuit product, which is common to North American consumers, and porridge, the 

traditional product made from millet (Muller 1970). These four products were chosen to 

investigate how different processing conditions affected physical and chemical 

composition and health benefits associated with millet.  
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Table 3.5 Height, Width and Weight of Proso Millet Based Biscuits 

Biscuit B100 B75 B25 B0 

Height (mm) 

Mean 

St Dev 

 

38.1a1,2 

2.30 

 

35.2ab 

1.63 

 

30.7c 

1.19 

 

32bc 

2.11 

Width (mm) 

Mean 

St Dev 

 

35.7a 

2.25 

 

36.1a 

0.36 

 

34.9a 

0.30 

 

35.9a 

0.35 

Weight (g) 

Mean  

St Dev 

 

27.8a 

1.08 

 

27.6a 

1.29 

 

25.1a 

0.83 

 

25a 

2.05 

1 Means in a row with the same letter are not significantly different p>0.05 
2 n=5 
 

As can be seen in Table 3.5, the use of refined proso millet did not impact width or 

weight of biscuits as compared to those composed of refined corn flour.  This is contrary 

to many gluten free flours, which usually result in an increase in the weight of the food. 

This has been observed in bread where crumb hardness and loaf weight increases with 

the use of gluten free flour (Hager et al 2012). The use of the proso millet, however, did 

lead to an increase of the height of the biscuit. The biscuit produced with 100% refined 

proso millet was significantly taller (38.1 mm) than the one produced using only refined 

corn flour (32mm). This was unexpected, as replacement of wheat flour with proso millet 

has been reported to result in a decrease in bread height (Lorenz and Dilsaver 1980). 

The proso millet flour also had an impact on the extruded snacks produced, and the 

results of the incorporation can be seen in Table 3.6. The extruded snacks, E100 and 
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E75, had higher weights than the extrusions containing corn, as indicated by the ten 

piece count. This was expected as the proso millet has a higher protein and lipid 

content than the corn. Protein and lipid content have been shown to increase the weight 

of the extrudates (Dokic et al 2009).  The WAI or water absorption index is the weight of 

gel obtained per gram of dry ground extrudate (Altan et al. 2009).  The WAI of all 

extrudates, including those made from proso millet, were not significantly different. This 

can be attributed to the refining process. Refining increases availability of starch 

granules during the extrusion process (Onyango et al 2004). Since both the millet and 

corn were refined, the availability of the starch granules was similar. The WSI, however, 

of the E100 was much lower than that of the E0, indicating that the proso millet had a 

lower content of insoluble native starch than the refined corn. Insoluble native starch is 

readily hydrated and solubilized after extrusion (El- Majzoobi et al 2007, Onyango et al 

2004). Starch that is more readily hydrated is more susceptible to enzymatic digestion 

and breaks down faster during digestion (Onyango et al 2004).  
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Table 3.6 Characteristics of Extruded Snacks 

Extruded Snacks E100 E75 E25 E0 

Ten Piece Count (g) 

Mean 

St Dev 

 

3.6a1,2 

0.20 

 

3.4b 

0.30 

 

3.0c 

0.09 

 

2.9d 

0.15 

WAI 

Mean 

St Dev 

 

5.9a3 

0.23 

 

6.5a 

0.03 

 

5.9a 

0.36 

 

6.6a 

0.41 

WSI 

Mean 

St Dev 

 

55.2a 

3.35 

 

72.7b 

1.57 

 

79.8c 

6.59 

 

81.2b 

1.64 

1 Means in a row with the same letter are not significantly different p>0.05 
2n=5 
3n=2 
 
 

The use of refined proso millet did significantly impact the colour values of the products. 

The lightness (L*) of most products changed significantly, except for the extruded 

snacks, as can be seen in Table 3.7. The a* and b* values also shifted when more 

refined proso millet was incorporated into the product. An example of the effect proso 

millet had on extruded snacks can be seen in Figure 3.1. Overall, refined proso millet 

produced a denser, whiter extrusion than those produced from the refined corn. The 

addition of refined proso millet altered the size, shape and colour of all the products.  
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Table 3.7 Colourimetry of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

L*    Mean 

         StDev 

a*    Mean 

        StDev 

b*   Mean 

        StDev 

 

74.4a1,2 

0.04 

2.0a 

0.02 

28.6a 

0.02 

 

77.2b 

0.02 

2.9b 

0.01 

26.6a 

0.02 

 

78.0c 

0.03 

2.5b 

0.00 

28.4a 

0.01 

 

83.9d 

0.02 

2.8b 

0.01 

28.2a 

0.02 

Extruded Snacks 

L*    Mean 

         StDev 

a*    Mean 

        StDev 

b*   Mean 

        StDev 

 

83.8a 

0.02 

0.2a 

0.01 

14.9a 

0.02 

 

83.6a 

0.01 

0.3b 

0.01 

21.1b 

0.01 

 

83.6a 

0.02 

1.7c 

0.00 

32.9c 

0.01 

 

83.2a 

0.02 

2.3d 

0.01 

33.4d 

0.01 

Porridge 

L*    Mean 

         StDev 

a*    Mean 

        StDev 

b*   Mean 

        StDev 

 

83.8a 

0.03 

1.1a 

0.03 

16.7a 

0.11 

 

84.9b 

0.37 

1.0a 

0.12 

14.3b 

0.24 

 

79.02c 

0.33 

1.0a 

0.03 

10.7c 

0.26 

 

84.3ab 

0.41 

1.4b 

0.12 

26.9d 

0.88 

Couscous 

L*    Mean 

         StDev 

a*    Mean 

        StDev 

 

88.3a 

0.18 

0.4a 

0.01 

 

87.0b 

0.06 

1.4b 

0.02 

 

85.9c 

0.28 

3.4c 

0.05 

 

86.0c 

0.16 

3.9d 

0.06 



 
 

45 

b*   Mean 

        StDev 

15.0a 

0.08 

18.3b 

0.32 

25.4c 

0.22 

27.7d 

0.44 

1 Means in a row with the same letter are not significantly different p>0.05 
2n=3 

 

  

  

Figure 3.1 Photographs of the proso millet based extruded snacks. (a)E100, 100% 
millet extruded snacks; (b)E75, 75% millet/25% corn extruded snacks; (c)E25, 25% 
millet/75% corn extruded snacks; (d)E0, 100% corn extruded snacks 

 

3.4.2 Product Composition 

Addition of refined proso millet to all products significantly affected macronutrient 

content as measured by proximate analysis (Tables 3.8-3.11). A higher amount of proso 

millet in the formulation led to an increased protein content (Table 3.8). The product with 

ba
n 

a 

c d 
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the highest protein content was E100 at 11.3% protein. The refined proso millet based 

products were expected to have higher protein content given that proso millet is higher 

in protein (12.5%) than refined corn (7.1%) (Gwirtz et al 2013; Mustafa et al 2008). Due 

to the structural unfolding that takes place as a result of exposure to heat and shearing 

during extruding, the extruded snacks had the highest protein content of all the products 

tested. This is an expected result as during the extrusion process, the protein is 

denatured but increases in digestibility (Cheftel 1986). Because of this, some ground 

extrudates have been used for the protein enrichment of bread and pasta (Cheftel 

1986).  

The lipid content of the products was also higher for products manufactured using proso 

millet than those made from the corn (Table 3.9). This is due to the amount of fat 

present in the proso millet (3.2%) in comparison to that found in the corn (1.8%) 

(Akingbala et al 2002; Gwirtz et al 2013; Nantanga et al 2008; Ravindran 1991). From a 

product perspective, the lipid content of the biscuits was higher than the other products 

due to the addition of butter and eggs during the manufacturing process (Heussen et al 

2007; Wheeler et al 1959). The fat content of the whole grain couscous was higher than 

the refined couscous, possibly due to the fact that some of the lipids were located in the 

seed coat of the millet and were lost during decortication (Devittori et al 2000). 
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Table 3.8 Protein Content of Proso Millet Based Products  

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

7.6a1,2 

0.31 

 

6.8b 

0.01 

 

3.6c 

0.05 

 

2.5d 

0.00 

Extruded Snacks 

Mean(%) 

St Dev 

 

11.3a 

0.14 

 

10.4b 

0.02 

 

9.1c 

0.01 

 

9.0c 

0.05 

Porridge 

Mean(%) 

St Dev 

 

10.1a 

0.02 

 

7.7b 

0.30 

 

3.2c 

0.07 

 

4.0c 

0.18 

Couscous 

Mean(%) 

St Dev 

 

10.4a 

0.21 

 

9.2b 

0.21 

 

7.7c 

0.13 

 

7.1c 

0.04 

Whole Grain Couscous=11.6% ±0.3 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=2 
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Table 3.9 Lipid Content of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

6.1a1,2 

0.31 

 

5.6a 

0.24 

 

4.2b 

0.23 

 

4.0b 

0.16 

Extruded Snacks 

Mean(%) 

St Dev 

 

3.1a 

0.09 

 

2.3a 

0.21 

 

1.4b 

0.17 

 

0.6c 

0.09 

Porridge 

Mean(%) 

St Dev 

 

1.2a 

0.05 

 

1.0b 

0.01 

 

0.7c 

0.01 

 

0.9b 

0.04 

Couscous 

Mean(%) 

St Dev 

 

3.7a 

1.36 

 

1.5b 

0.04 

 

1.3b 

0.18 

 

0.6c 

0.29 

Whole Grain Couscous=4.6% ±0.2 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=2 
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Table 3.10 Total Dietary Fibre (TDF) Content of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

7.0a1,2 

0.41 

 

6.4a 

0.53 

 

3.5b 

0.37 

 

2.1b 

0.51 

Extruded Snacks 

Mean(%) 

St Dev 

 

8.8a 

0.34 

 

7.1b 

0.26 

 

4.2c 

0.45 

 

4.1c 

0.61 

Porridge 

Mean(%) 

St Dev 

 

7.5a 

0.43 

 

6.9b 

0.56 

 

4.1bc 

0.70 

 

2.7c 

0.44 

Couscous 

Mean(%) 

St Dev 

 

7.7a 

0.52 

 

6.5a 

0.88 

 

3.0c 

0.91 

 

2.8c 

0.74 

Whole Grain Couscous=15.1% ±1.2 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=2 

 

Since the refined proso millet contained more dietary fibre than the refined corn, 

it was expected that those products made from the refined proso millet would 

have a significantly higher TDF content. This can be observed in the results 

shown in Table 3.10. For each grain combination, the extruded snacks contained 

the highest amount of TDF, ranging from E100 at 8.7% to E0 at 3.9%. This is due 

to the extrusion process that leads to the formation of resistant starch during 
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extruding, which in turn increases the fibre content of the product (Alam et al 

2013; Cheftel 1986). It is also well documented that extrusion of refined wheat 

flour causes a redistribution of insoluble fibre to soluble fibre (Cheftel 1986). It 

has been shown to increase the soluble fibre component from 10-35% (Bjorck et 

al 1984). The total dietary fibre contents for the other products (biscuit, porridge 

and couscous) were relatively similar across the various grain combinations. All 

products manufactured with 100% refined proso millet had around 7% total 

dietary fibre, while those produced with refined corn ranged from 2.1 to 2.8%. 

The total starch content (Table 3.11) of the biscuits and the extrudates did not 

differ based on grain combination. The total starch content of the biscuits ranged 

from 62.4% to 67.6%, while the starch content of the extrudates ranged from 

78.3 to 82.0%. The starch content of the porridge increased significantly when 

corn and millet grains were both present in the formulation. P75 and P25 had 

total starch contents of 85.4% and 90.9% respectively, and this was much larger 

than when only one flour type was present in the porridge  (P100=70.3%, 

P0=65%). The starch content of the whole grain millet couscous and refined 

millet couscous was much lower than that of the refined corn couscous. This was 

expected, as the millet couscous, refined or not, was prepared from an intact 

grain and therefore not milled. This allowed for natural interactions between the 

starch and protein, and lipids and fibre to be present, reducing the starch content 

of the grain. The refined corn couscous was produced from coarse corn meal. 

Corn meal is ground and prevents those starch complexes with the protein, lipids 
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or fibre from occurring (Shevkani et al 2014). 

Table 3.11 Total Starch Content of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean (%) 

St Dev 

 

62.4a1,2 

1.61 

 

67.6a 

1.29 

 

65.2a 

1.60 

 

64.3a 

0.42 

Extruded Snacks 

Mean (%) 

St Dev 

 

78.9a 

0.21 

 

81a 

0.63 

 

78.3a 

2.07 

 

82a 

0.48 

Porridge 

Mean(%) 

St Dev 

 

70.3ab 

0.84 

 

85.4bc 

2.18 

 

90.9c 

2.71 

 

65a 

2.23 

Couscous 

Mean(%) 

St Dev 

 

60.6a3 

1.45 

 

 

 

77.3b 

3.68 

 

90.7c 

2.41 

 

89.4bc 

0.94 

Whole Grain Couscous=78.5% ±4.5 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=2 
3n=3 

 

The use of refined proso millet in product manufacture led to a product that has a 

nutrient profile that is superior to products that are usually produced from corn. 

The protein content increased significantly in all foods produced with the proso 

millet. Fibre and lipid content of the products also increased. Although plant 
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proteins have a reduced content of essential amino acids, they are still a great 

source of protein and over 65% of the world’s protein supply is produced from 

plant proteins (Young and Pellett 1994). Plant proteins provide a preventative 

effect against CVD, and the increased levels of amino acids found in plant 

proteins can prevent against cancer development and atherosclerosis (Carroll et 

al 1978; Krahcovicova-Kudlackova et al 2005; Rose et al 1999). The high fibre 

content in the millet based products promotes several health benefits including; 

lowering serum cholesterol, lowering risk of coronary heart disease, reduced 

blood pressure, reduced risk of certain forms of cancer, and improved 

gastrointestinal function (Anderson et al 1994; Brown et al 1999; Howe et al 

1992; Whelton et al 2005; Wolk et al 1999). Furthermore, protein, fibre, and lipids 

have all been determined to lower glycemic response (Jenkins et al 1983, 

Jenkins et al 2002, Wolever et al 1991). 

3.4.3 Phenolic Content 

The phenolic content of the proso millet decreased significantly after being 

decorticated, from 5150 ug/g to 345 ug/g on a dry weight basis (p<0.05). This 

sharp decrease in phenolics was due to the removal of the bran during the 

decortication process. Although the bran contains many phenolics, fibre and 

lipids, there are many benefits to removing the bran (Lestienne et al 2005; 

Shobana and Malleshi 2007). One of the main benefits is an improvement in the 

sensory properties; bran removal reduces the bitterness of the product. 

Phenolics are perceived as bitter by consumers and removal of the majority of 

the bran results in the reduction of the bitterness of the product (Challacombe et 
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al 2011). Furthermore, phenolics form complexes with minerals like iron, and 

make products darker in colour ultimately detracting from the physical 

appearance of foods (Singh et al 2007). The nutrients become unavailable for 

absorption by humans once they have formed a complex with the phenolics, 

decreasing the nutritional benefits of the product (Singh et al 2007). 

Although the millet had been decorticated, the proso millet based products still 

contained a higher concentration of phenolics in comparison to the corn based 

products, as can be seen in Table 3.12. The extruded snack made from proso 

millet (E100) contained the highest phenolic content of all the products made with 

100% millet. All products underwent a heat treatment, but the extrusion process 

due to the additional pressure and shear, produced the highest phenolic content. 

Studies on the effect of extrusion are contradictory. The results of the current 

study agrees with the studies of Zielinski et al (2006), Shih et al (2009) and 

Stojceska et al (2008); that extrusion increases the phenolic content of a product. 

Others, however, have found the opposite (Brennan et al 2008; Korus et al 2007; 

Dlamini et al 2007). Nevertheless, all studies agree that the phenolic content 

after extrusion is driven by three critical parameters; moisture content, screw 

speed, and temperature (Brennan et al 2008). There are benefits to the presence 

of phenolics being in the food, namely their antioxidant properties (Dykes and 

Rooney 2007). These antioxidant properties protect against degenerative 

diseases such as cancer and heart disease in which reactive oxygen species are 

involved (Arts et al 2001; Dykes and Rooney 2007; Galati and O’Brien 2004). 

Phenolics are also known to lower the GI of a food by slowing gastric emptying 
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and inhibiting enzymes (Jung et al 2007; Slavin 2003).  

Table 3.12 Total Phenolic Content (ug/g) of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(ug/g)  

St Dev 

 

390a1,2 

20.88 

 

303ab 

12.31 

 

276b 

18.64 

 

264b 

27.61 

Extruded Snacks 

Mean  

St Dev 

 

425ab 

23.61 

 

444a 

26.47 

 

323b 

17.11 

 

315c 

14.42 

Porridge 

Mean  

St Dev 

 

323.5a 

7.82 

 

301.6a 

14.25 

 

276.3ab 

15.30 

 

213b 

14.31 

Couscous 

Mean  

St Dev 

 

345a 

12.32 

 

315ab 

16.74 

 

246b 

13.46 

 

243b 

22.01 

1 Means in a row with the same letter are not significantly different p<0.05 
2n=2 

 

3.4.4 In Vitro Digestibility and eGI 

Rapidly digestible starch (RDS) content of all products is shown in Table 3.14. 

The whole grain proso millet contained 22.1% RDS. This value increased after 

decortication (25.6%). When comparing 100% millet to 100% corn, the proso 

millet based products had RDS contents ranging from 25.6 to 35.4%, while the 

corn based products had a higher concentration, ranging from 42.1 to 49.0%. 
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The products containing 25% proso millet had RDS content that were not 

significantly different from those containing 100% corn. However, all products 

containing 75% proso millet had RDS contents that were significantly different 

than those produced with corn.   

RDS is the gelatinized or amorphous starch that is usually created when the 

starch is heated (Englyst et al 1996). The higher RDS values for the corn based 

products may be because the corn based products experienced more 

gelatinization during processing (Roopa and Premavalli 2008, Semasaka et al 

2010). The proso millet based products did not gelatinize as extensively as the 

corn, possibly due to higher contents of lipids, proteins, fibre and phenolics. 

These components all work to inhibit the swelling of starch granules 

(Chandrashekar and Kirleis 1988; Symons and Brennan 2004; Tester and 

Morrison 1990). Furthermore, the amylose and amylopectin ratio play a role in 

controlling the degree of gelatinization. The more amylose present in the grain, 

the lower the degree of gelatinization, as amylose is known to inhibit swelling of 

the starch granules (Kabir et al 1998; Tester and Morrison 1990). The proso 

millet contained 34% amylose compared to the refined corn, which usually 

contains between 25-35% amylose (Annor et al 2013). Therefore, the amylose 

content was probably not responsible for the decreased RDS in the proso millet 

based products. CC100 had the lowest RDS of all refined products. This can be 

attributed to intact grain and the natural starch-fibre, starch-protein, and starch-

lipid complexes within the product (Thorne et al 1983).  The complexes prevent 

gelatinization of the grain and would lead to a smaller portion of the grain being 



 
 

56 

rapidly digested (Thorne et al 1983).  

Table 3.13 Rapidly Digestible Starch of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

29.5a1,2 

1.00 

 

33.1b 

0.12 

 

42.6c 

0.71 

 

42.6c 

0.01 

Extruded Snacks 

Mean(%) 

St Dev 

 

35.4a 

0.89 

 

35.6a 

0.55 

 

43.4b 

0.80 

 

42.1b 

0.08 

Porridge 

Mean(%) 

St Dev 

 

30.8a 

0.54 

 

36.2b 

0.44 

 

46.0c 

0.67 

 

49c 

0.42 

Couscous 

Mean(%) 

St Dev 

 

25.6a 

0.27 

 

30.7b 

0.35 

 

39.0c 

1.70 

 

42.7c 

1.56 

Whole Grain Couscous=22.1% ±0.4 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=3 
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Table 3.14 Slowly Digestible Starch of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

32.3ab1,2 

2.81 

 

30.0a 

0.89 

 

32.8ab 

1.02 

 

34.4b 

1.03 

Extruded Snacks 

Mean(%) 

St Dev 

 

37.7ab 

2.81 

 

37.5a 

0.38 

 

44.0b 

1.23 

 

40.6ab 

0.31 

Porridge 

Mean(%) 

St Dev 

 

23.8a 

0.45 

 

25.2a 

0.90 

 

38.3b 

1.72 

 

37.3b 

1.53 

Couscous 

Mean(%) 

St Dev 

 

25.6a 

0.23 

 

25.4a 

0.19 

 

30.9b 

4.16 

 

36.4b 

2.47 

Whole Grain Couscous=31.6% ±1.2 
1 Means in a row with the same letter are not significantly different p>0.05 
2n=3 

 
The slowly digestible starch (SDS) content of the biscuit was similar for all flour 

combinations, ranging from 30.0 to 34.4% SDS, except in the instance of B75 

(30.0%), which was significantly different than B0 (p<0.05; 34.4%). The extruded 

snacks had the highest concentration of SDS, ranging from 37.5 to 44.0% for all 

grain combinations, with differences between the E75 and E25 being significant 

(p<0.05). Among the porridge and couscous products the SDS content of those 

produced with 100% and 75% refined proso millet were significantly less (p<0.05) 
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than the SDS content of those made with the refined corn (Table 3.14). SDS is 

able to slow starch digestion by increasing the viscosity inside the 

gastrointestinal tract and can inhibit the starch digesting enzymes. It is also able 

to decrease gastric emptying (Zhang and Hamaker 2009). These factors all slow 

the starch digestion and absorption rate, slowing the increase of blood glucose 

levels after ingesting a food product and resulting in a feeling of satiety after 

eating a meal (Lehmann and Robin, 2007).  Heat and moisture treatment have 

been shown to increase the SDS content in many different starches and flours 

(sweet potato starch, maize, rice, plantain) compared to the raw flour (Niba 2003; 

Shin et al 2005).  

Resistant starch is also known to increase when heat is applied to the grain. 

Resistant starch (RS) is the amount of starch that is not absorbed in the small 

intestine by a healthy individual (Asp et al 1996); instead it is thought that RS 

ferments in the large bowel. As noted in Table 3.15, the products made with 

100% or 75% refined proso millet had much higher RS contents than those 

containing 25% or 0% proso millet. The products made specifically with only 

millet had RS ranging from 27.1 to 45.4%, while the corn based products range 

from 13.8 to 23.1%. It is interesting to note that overall the extrudates had the 

lowest amount of RS, ranging from 13.8 to 27.1%. This is unexpected as studies 

have suggested that extrusion is a process that produces resistant starch (Kim et 

al 2006; Unlu and Faller 1998). However, other studies have shown that 

extrusion decreases the RS of grains (Faraj et al 2004; Parchure and Kulkarni 

1997). All of these studies indicate that screw speed, temperature and feed 
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moisture are the important parameters for producing RS during extrusion 

(Sajilata et al 2006). The biscuits produced in the present study had a high 

amount of RS, ranging from 23.1 to 38.2%; this was expected as baking is known 

to increase the RS content (Akerberg et al 1997; Sajilata et al 2006). Water and 

heat also play in critical role in the formation of RS and in the presence of both 

parameters is known to increase RS (Sajilata et al 2006). Akerberg et al (1997) 

found that boiling or cooking amaranth starch increased the RS content. This 

would explain the high RS values of the porridge and couscous products when 

compared to those products that were extruded. 
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Table 3.15 Resistant Starch of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean(%) 

St Dev 

 

38.2a1,2 

1.71 

 

39.4a 

0.80 

 

24.6b 

1.72 

 

23.1b 

1.01 

Extruded Snacks 

Mean(%) 

St Dev 

 

27.1a 

1.92 

 

27.1a 

0.94 

 

13.8b 

0.43 

 

15.4b 

0.38 

Porridge 

Mean(%) 

St Dev 

 

45.4a 

0.98 

 

38.6b 

0.46 

 

15.7c 

1.06 

 

13.8c 

1.96 

Couscous 

Mean(%) 

St Dev 

 

44.8a 

0.98 

 

43.9a 

0.16 

 

30.3ab 

2.45 

 

20.9b 

0.91 

Whole Grain Couscous= 46.3 ± 0.6 
1 Means in a row with the same letter are not significantly different p<0.05 
2n=3 

 

The eGI was completed on all 16 products made with refined cereals as well as 

the whole grain couscous. Of the refined cereal products only two products were 

found to have a low glycemic index (less than 55). Low GI foods lead to a lower 

blood glucose response after ingestion.  This lower blood glucose response has 

been shown to reduce risk of T2DM and CVD (Atkinson et al 2008) The two low 

eGI products were P100 and C100, with values of 53.1 and 50.2, respectively. By 
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comparison, both of these products had higher eGI values than that of the whole 

grain couscous (WC100) with an eGI of 43.9 (Significantly different at the 

p<0.05).  Decortication of the millet increased the eGI value. Overall, the 

extruded snacks had the highest eGI for all grain combinations (64.7 to 83.8) and 

this could be due to the extruded snacks having the lowest amount of RS (13.8 to 

27.1%). Furthermore, the extruded snacks and the biscuits had the highest 

amount of RDS, which could have led to the elevated eGI values when compared 

to the porridges and couscous. 
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Table 3.16 Expected Glycemic Index of Proso Millet Based Products 

Percentage of Millet  100% 75% 25% 0% 

Biscuit 

Mean 

St Dev 

 

56.0a1,2 

0.10 

 

64.4b 

2.12 

 

71.0c 

0.51 

 

78.5d 

0.42 

Extruded Snacks 

Mean 

St Dev 

 

64.7a 

0.28 

 

71.7b 

0.48 

 

74.5b 

1.60 

 

83.8c 

0.39 

Porridge 

Mean 

St Dev 

 

53.1a 

0.42 

 

65.1b 

0.20 

 

78.1c 

1.24 

 

86.3d 

0.58 

Couscous 

Mean 

St Dev 

 

50.2a 

0.27 

 

58.9b 

0.20 

 

66.1c 

0.56 

 

79.43d 

0.63 

Whole Grain Couscous= 43.9 ±0.9 
1 Means in a row with the same letter are not significantly different p<0.05 

2n=3 

Across all product types, the 100% proso millet based products had a significantly lower 

eGI (50.2 to 64.7; p<0.05) than their 100% corn based counterparts (78.5 to 86.3). This 

was expected based on the nutritional results discussed earlier in the chapter. The 

millet based product had higher amounts of fibre, lipids, phenolics and protein, all of 

which decrease the eGI of a food (Bravo et al 1998; Chen et al 2012; Englyst et al 2003; 

Henry et al 2008).  Furthermore, the millet based products also had a lower amount of 

RDS and a higher amount of RS than the corn based products, which also leads to a 
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lower eGI. Overall, as the amount of refined proso millet decreased in the product, the 

eGI increased. Figures 3.2-3.5 illustrate the differences in the starch hydrolysis between 

the different grain combinations, but within the same product type. The starch hydrolysis 

curve is used to calculate the eGI of the product. As the curve increases, eGI of the 

product increases. The best example of this can be seen in the porridge products where 

P100 is 53.1 and P0 is 86.3, a difference of 33.2 between the different flours (Figure 

3.5).  

 

Figure 3.2 Starch hydrolysis of the biscuits, B100 (100% millet), B75 (75% 
millet/25% corn), B25 (25% millet/75% corn) and B0 (100% corn). 
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Figure 3.3 Starch hydrolysis of the extruded snacks E100 (100% millet), B75 (75% 
millet/25% corn), B25 (25% millet/75% corn) and B0 (100% corn). 

 

 

Figure 3.4 Starch hydrolysis of couscous products, CC100 (100% millet), CC75 
(75% millet/25% corn), CC25 (25% millet/75% corn) and CC0 (100% corn) 
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Figure 3.5 Starch hydrolysis of porridge products, P100 (100% millet), P75 (75% 
millet/25% corn), P25 (25% millet/75% corn) and P0 (100% corn). 

 

3.5 Conclusions 

Refined proso millet was used to produce foods that contained higher amounts of 

protein, lipids, fibre and phenolics than those produced by the refined corn. All of these 

components contribute their own health benefits. The refined proso millet also produced 

food items with a lower eGI than those made with refined corn. Two of the proso millet 

based products (P100, CC100) were found to be low GI (less than 55). Overall, proso 

millet seems to be a possible candidate for the production of gluten free foods that may 

be beneficial to those at risk or who suffer from T2DM and CVD. Furthermore, the proso 

millet increased nutritional properties of the food. However, a human GI study still needs 

to be done to verify the GI of the proso millet based products. Additionally, there is a 

lack of knowledge about North American consumer’s acceptance about and liking of 

proso millet. These areas must be addressed before proso millet can be incorporated 

into new foods. 
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Chapter 4: Human glycemic index study on proso millet based 
products 

 

 Abstract 

There is a lack of knowledge about the glycemic index (GI) of western foods containing 

refined proso millet and the effect of processing millet on GI. Therefore, decorticated 

proso millet was used to produce 4 types of food products that are common to North 

American consumers (biscuit, couscous, porridge and extruded snack). The proso millet 

based products were compared to the same foods produced with refined corn. A group 

of 12 healthy male volunteers participated in the study. White bread was used as the 

standard and capillary blood samples were collected at 0, 15, 30, 45, 60 and 120 

minutes postprandially. The mean GI (±SEM) of the proso millet products 

(couscous=36.6±12.4, biscuit=31.8±6.4, extrudate=73.8±12, porridge=16.1±4.1) was 

not significantly lower than those of the refined corn products (couscous=17.4±3.9, 

biscuit=38.1±4.7, extrudate=77.4±12.3, porridge=18.7±3.9). It was found that three of 

the products made from the decorticated proso millet, i.e. the millet porridge, biscuit and 

couscous had a low GI. It was also found that the GI of the products was not dependent 

upon the grain type, but rather the product matrix. 

Keywords: glycemic index, proso millet, North American consumers, refined corn 
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4.1 Introduction 

Nutrition related chronic non-communicable diseases such as type 2 diabetes mellitus 

(T2DM) and cardiovascular disease (CVD) are significant public health concerns in 

North America. People with T2DM have a significantly greater chance of developing 

CVD, and 75% of all deaths attributed to diabetes occur as a result of CVD (Li et al 

2006). As such, improving glycemic control reduces the risk of CVD (Kreisberg et al 

1998).  Diabetes and complication arising from diabetes account for about 15% ($9 

billion) of the total health care expenditures in Canada alone, and this is expected to 

increase as the prevalence of T2DM increases (Statistics Canada 2012). In addition to 

this, there are associated decreases in quality of life and losses of productivity. It is 

therefore imperative to explore new strategies to reduce the risk of T2DM and CVD and 

to promote disease management.  

Several epidemiological studies have demonstrated strong associations between 

consumption of diets rich in plant-based foods and reductions in the risk of developing 

CVD and T2DM (Bazzano et al 2003; Joshipura et al 2001; Rissanen et al 2003). Diets 

rich in legumes, cereals and fruits have been associated with improvement of glycemic 

control and reduction of coronary heart disease risk factors (Bazzano et al 2001; 

Bazzano et al 2003; Joshopura et al 2001).  In the case of legumes and cereals, fibre 

content and glycemic load appear to account for the positive effects on plasma lipid 

levels and improved insulin sensitivity (Geil and Anderson 1994; Jarvi et al 1999; 

Kingman 1991). Furthermore, given the existence of disparities in the chronic disease 

burden among people of different cultural backgrounds in Canada (Gerstein et al 2010), 
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evidence-based guidance toward consumption of familiar health promoting foods may 

help to reduce disease risk.  

Millet is a cereal crop of increasing importance in North America, in part because it is 

consumed regularly among persons of the South Asian and African diaspora. Millet is 

well suited for production in Canada and is currently grown at a Government of Canada 

research station in Delhi Ontario. Millet is rich in iron, calcium, and dietary fibre. 

Additionally, in terms of energy density, protein, fat and vitamin content, millet is 

superior to wheat, maize and sorghum (Rathi et al 2003). Millet does not contain gluten, 

which could be of interest to consumers who are increasingly concerned with gluten-

free food products (Chandrasekara and Shahidi 2011).  

It was shown in Chapter 3 that millet addition contributed to products with elevated 

levels of protein, lipids, phenolics and dietary fibre. Also outlined in Chapter 3, refined 

proso millet based products had a lower eGI than those produced using refined corn 

flour. These products included a couscous and porridge made from refined proso millet 

flour, which had a low eGI (less than 55). This agrees with earlier work showing that, in 

humans, consumption of millet-based foods was associated with a significant 

attenuation of postprandial blood glucose levels and improved glycemic control and a 

significant decrease in total and LDL-C and improvement in lipid profile (Gupta and 

Nagar 2010; Kumari and Sumathi 2002; Pathak et al 2000; Shobana et al 2009; 

Thathola et al 2010).   

Previous millet-based studies with humans have used small numbers of participants 

and tested products that were not sufficiently characterized for chemical, nutritional and 
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physical components (Kumari and Sumathi 2002; Thathola et al 2010). As such, there is 

need for a well-designed human feeding trial in order to assess the efficacy of millet in 

improving glycemic control. Many of the aforementioned studies blended varying 

amounts of millet with wheat flour and/or legumes, and in one study fenugreek was 

added (Pathak et al 2000). It is necessary to differentiate the biological effects of millet 

from those of other ingredients used in previous studies. In this regard it would be 

desirable to use food products containing 100% millet. This has not been attempted 

before, possibly due to technological limitations in preparing 100% millet products. 

Foods were successfully produced that are common to North Americans (e.g. porridge, 

biscuits, couscous and an extruded product) using 100% millet and their proximate 

composition was evaluated in Chapter 3.   

The study uses a rigorous design, well-characterized millet foods, and defined outcome 

measurements to address the knowledge gap of the health benefits associated with 

millet. It also advanced the formulation and production of functional foods incorporating 

100% millet. This study examines the effect of proso millet, a variety of millet grown in 

North America, on glycemic response. To determine the effect of processing methods, 

testing was also done using an extruded snack, porridge, a couscous-like product and a 

biscuit.  

4.2 Materials 

Two different grains were used in all of the products (porridge, biscuits, extruded snacks 

and couscous); 100% Refined Proso Millet, and 100% Refined Corn. Whole grain proso 

millet and corn meal was also used to produce a couscous like product.  The couscous 

and porridge were prepared fresh the day of consumption. The biscuit and extruded 
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snacks were stored in a freezer (-18 °C) and taken out the night before the trial. The 

recipes and conditions of production have been discussed in Chapter 3. More details 

are located in Appendix A.1. 

4.3 Methods 

The feeding trial was carried out in accordance with the standard operating procedures 

established by the Human Nutraceutical Research Unit (HNRU). This study was granted 

approval by the University of Guelph Research Ethics Board (REB#13AP004) and was 

registered at Clinical Trials.gov, Identifier NCT02075788. All participants provided 

written informed consent. 

4.3.1 Location 

All study visits took place in the HNRU, located in the Food Science/ Guelph Food 

Technology Centre Building. 

4.3.2 Study Design 

This was a crossover study, placebo controlled human intervention study.  Although 

participants were not told what grain their foods were made from, this was obvious from 

the appearance of the test food items.  However, the investigator performing the blood 

and data analysis was blinded. In this feeding trial, participants completed a series of 2-

hour postprandial tests after consuming different millet-containing products and controls 

(refined corn), each containing 50g available carbohydrates. Participants visited the 

HNRU on 12 occasions. Each study visit followed a 12-14 hour overnight fast, prior to 

which participants were asked to consume a standard supper meal recommended by 

the study coordinator (based on each participant’s food diary and preferences). At each 

study visit, the participant’s body weight was first determined. Body composition by 
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bioelectrical impedance, height, waist and hip circumferences, and blood pressure were 

also determined at the first, sixth, and final study visit. These measurements were 

performed in the private sampling bays with only the participant and HNRU study 

coordinators present. 

4.3.3 Volunteers 

Two hundred and sixteen participants were screened by phone, leading to 47 men 

screened in person.  From this population, fifteen healthy, non-smoking men between 

the ages of 19 and 40 were selected from the Guelph community. See Appendix B.1 for 

the recruitment materials. The participants’ characteristics can be seen in Table 4.2. 

The inclusion criteria for the volunteers included: 

•  Normal fasting plasma glucose (<5.6 mmol/L), 

•  Body Mass Index (BMI) from 18.5 to 29.9kg/m2.  

The exclusion criteria for the volunteers included: 

• Regular consumption of millet as defined by questionnaire at screening 

• Smoking 

• Heavy alcohol use (>3 drinks per day) 

• Very low fibre consumption as assessed by 24 hour food diary 

• Restrained eater as defined by the questionnaire at screening (Appendix B.5, 

Stunkard and Messick 1985) 

• Recent  (i.e. >4 kg in previous 3 months) or intended weight loss or gain 

• Food allergies or any life-threatening allergy (food or otherwise) 

• Inflammatory bowel disease or other gastrointestinal disorders 
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• Use of drugs which influence carbohydrate metabolism 

• Training or elite athletes 

• Insulin resistance (IR) was calculated from fasting glucose and insulin values 

using the Homeostasis Assessment Model 2 (HOMA2). A HOMA2-IR value of 

greater than 1.0 was considered indicative of insulin resistance (Levy et al 1998). 

• Inability to adhere to study protocols 

4.3.4 Screening of Volunteers 

 
First, a brief phone interview (Questionnaire seen in Appendix B.2) was conducted to 

assess eligibility and potential participants were then invited to meet at the HNRU with 

the study coordinator. Prior to this meeting, potential participants were provided with an 

explanation of screening visit activities via email. 

The volunteers then participated in an in-person screening visit. They were asked to fast 

overnight (12-14 hours) before their study visit and fill in a detailed eligibility 

questionnaire (Appendix B.4) and a Three Factor Eating Questionnaire (Appendix B.5). 

Their body weight and height was measured by the study coordinator. Volunteers also 

completed a food neophobia scale during this visit (Appendix B.6) as well as a 24 hour 

dietary recall. The individual was then provided with a light lunch purchased from the 

nearby cafeteria and a $20 gift card to a local coffee retailer or to the local shopping 

mall. Blood samples obtained at the screening visit were analyzed for glucose and 

insulin by an independent testing laboratory (LifeLabs, Guelph, Ontario). Following 

receipt of the test results by the study coordinator, potential volunteers were provided 

with their results by phone or email, based on their preference. If eligible, potential 
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volunteers were invited to sign the study’s informed consent document (please see 

Appendix B.7), complete a three day food diary and participate in the study. 

4.3.5 Blood Collection and Analysis 

An authorized and trained medical technician collected blood samples. Graduate 

students were also trained by a department-approved phlebotomist on how to correctly 

perform finger prick capillary blood samples. At each study visit, a department-approved 

phlebotomist or a trained graduate student took finger prick blood samples. The 

participant’s hand was warmed with a heating pad or warm moist towel for 3 minutes to 

increase blood flow to the fingers.  The sampling finger was then cleaned with 

disinfectant and air-dried prior to puncture. The participant was asked to hold their hand 

downward to help increase blood flow toward the sampling site. The technician then 

placed the lancet device firmly on the chosen puncture site, with thumb on the activation 

button. The participant’s hand was gently massaged toward the puncture site to obtain 

the required drop of blood. A Pink SurgiLance Safety Lancet (Model: SLN300; Depth: 

2.8 mm; Gauge: G21, Georgia, United States) was used to perform the fingerprick from 

the side of the fingertip. When punctured, the initial drop of blood was wiped away with 

gauze to stimulate blood flow. Approximately 5µL of blood was collected directly from 

the pricked finger by a HemoCue Glucose 201 microcuvette (Angelholm, Sweden) by 

the phlebotomist in one continuous process. Two samples were taken using two 

separate microcuvettes, totalling 10µL of blood per sampling point. Once filled, the 

microcuvettes were analyzed and any excess blood on the microcuvette was wiped off 

with a KimwipeTM (Wisconsin, United States) prior to analysis. The blood glucose was 

determined in duplicate using the HemoCue Glucose 201 system and the used 
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microcuvettes were disposed of immediately following analysis in the biohazard 

container.  Blood glucose concentration was plotted as a function of time and the 2 h 

area under the curve (AUC) was calculated for each test food.  

At baseline, all measurements were taken in duplicate in two separate fingers. The 

participant was then asked to consume the test product within 10 minutes and duplicate 

blood samples were analyzed from one finger at 15, 30, 45, 60, 90, and 120 minutes 

following the start of ingestion of the study food.  The participants were instructed to 

drink a cup (250 ml) of room temperature water within 5 minutes following consumption 

of the test product. During each study visit, participants were asked to remain seated 

with minimal activity, either watching movies or reading in the laboratory. Participants 

were supervised by study personnel and/or a medically trained technician at all times 

throughout the trial. After the 120 minutes sampling, participants were provided with a 

light lunch (sandwich, fruit, juice or milk) purchased from a University of Guelph 

hospitality outlet. The total time per study visit was approximately 3 hours.  

4.3.6 Study Visits 

There were 12 study visits for each volunteer, involving measurement of the 2 hour 

postprandial blood glucose response to randomly assigned food products. The portion 

sizes of the foods were determined to ensure that each food contained 50 grams of 

available carbohydrates. The available carbohydrate (AV CHO) is based on the total 

carbohydrate subtracting the total dietary fibre. The proximate composition of the test 

and control foods, including the total and available carbohydrates can be seen in Table 

4.1. All of the products were placed on a tray and served to the volunteer with a glass of 

250mL of distilled water and napkin. A spoon was provided to eat the couscous, 
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porridge and biscuit, but the extruded snacks were eaten by hand. Examples of the 

sample presentation can be seen in Figures 4.1, 4.2, 4.3 and 4.4. 
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Table 4.1 Nutrient Profile of 50g Available Carbohydrate of Test Foods  

Food Weight 
Eaten (g)) 

Moisture 
Content 

(g) 

Fat 
(g) 

Protein 
(g) 

Ash 
(g) 

Total CHO 
(g) 

TDF1 
(g) 

AV 
CHO2 

(g) 
Test Foods - 100% Millet  

Biscuit 80.1 13.0 4.9 6.1 0.3 55.8 5.6 50.2 

Extruded 
Snack 63.4 1.3 2.0 7.2 1.3 51.6 5.6 46.0 

Porridge 71.1 9.1 0.9 5.2 0.6 55.3 5.3 50.0 

Couscous 63.6 3.6 2.4 6.6 1.0 50 1.9 48.1 

Whole 
Grain 

Couscous 
82.5 3.1 3.1 9.6 3.5 63.2 12.5 50.7 

                     Control Foods - 100% Corn    

Biscuit 77.8 18.7 3.1 2.0 2.2 51.7 1.6 50.1 

Extruded 
Snack 61.0 2.2 0.4 5.5 0.4 52.5 2.5 50.0 

Porridge 75.0 10.5 0.7 3.0 2.9 57.9 2.0 55.9 

Couscous 55.9 2.6 0.3 4.0 0.3 48.7 1.7 47 

Reference Food 
White 
Bread 100.0 42.6 1.0 4.4 1.8 50.2 1.2 49 

*Each value is the mean of analysis done in duplicate 
1 TDF= Total Dietary Fibre 
2 AV CHO= Available Carbohydrates 
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Figure 4.1 Sample presentation for corn based extrusion snacks. 

 

 

 

Figure 4.2 Sample presentation for corn based porridge. 
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Figure 4.3 Sample presentation for millet based couscous. 

 

Figure 4.4 Sample presentation for millet based biscuits. 

4.3.7 Home Tests 

After each study visit, participants were asked to complete a questionnaire that 

assessed the occurrence and severity of gastrointestinal (Appendix B.8) symptoms in 

the previous 24 hours. 
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4.3.8 Statistical Analysis 

Whole blood glucose was determined in duplicate according to a glucose 

dehydrogenase method and was plotted as a function of time. The 2-hour incremental 

area under the curve (AUC) was calculated for each test food using SAS 9.4 (SAS 

Institute, Inc., Cary, North Carolina), ignoring the area below fasting as outlined by 

Wolever et al (1991) using the trapezoid method.  For the AUC calculation, fasting blood 

glucose was taken to be the average of the 2 different values measured, in duplicate, at 

baseline. The equivalent of 50g available carbohydrate was used to measure the mean 

AUC of the reference food for each subject (n=3). The GI was calculated by expressing 

the AUC of for each food as a percentage of the mean AUC elicited by white bread 

determined in triplicate in the same participant. The resulting value was then multiplied 

by 0.71 to convert to the glucose scale (GI of glucose=100). The food GI was then 

calculated as the mean of the GI values obtained for each participant.  A second GI 

value was calculated by excluding participant values that were more than 2*Standard 

Deviation above or below the mean GI. The excluded values were replaced with the 

mean of the remaining values. This is standard methodology for deriving food based GI 

values in a human feeding trial (Brouns et al 2005).  All data was subjected to an one 

way Analysis of Variance (ANOVA) and a Tukey’s Honest Significant Difference (HSD) 

Test (IBM SPSS STATISTICS Version 20, IBM, New York, NY, U.S.A) to assess 

significant differences in blood glucose responses across time points for the different 

product types. An one way ANOVA and Tukey’s HSD Test was also done to assess the 

differences in AUC, glycemic index of the proso millet and corn based products. This 

was also conducted to assess how different product types affect the glycemic index. A 
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paired t-test (Microsoft Excel ™ 2011) was conducted to compare the means of the GI 

values of each product type based on grain types (millet vs. corn). 

4.4 Results and Discussion 

4.4.1 Participants 

There were 15 participants involved in the study with ages ranging from 21-33. Three 

panellists did not complete the study due to time complications, scheduling conflicts and 

not adhering to eligibility criteria. The 12 participants, who did complete the study, ate all 

the test meals. The characteristics of the participants can be seen in Table 4.2. All 

participants had normal fasting blood glucose levels (4.6 ± 0.03 mmol/L) and an 

average BMI of 23.3 ± 2.8.  

Table 4.2 Participant’s Characteristics (n=12) 

 Age Height (cm) Weight (kg) BMI 
(kg/m2) 

Fasting Plasma 
Glucose (mmol/L) 

Mean 26.3 177.4 73.3 23.3 4.6 

St Dev 3.8 7.7 10.7 2.8 0.3 

 

4.4.2 Blood glucose response and area under the curve 

The incremental blood glucose responses for the millet products can be seen in Figure 

4.5 and for corn products in Figure 4.6. One way repeated measures ANOVA revealed 

that, within a grain, the blood glucose response was similar among the product types. At 

time points 0 and 15 minutes, none of the millet based products were significantly 

different from that of the reference food (white bread). As the time progressed to 30, 45 

and 60 minutes the couscous, whole grain couscous, biscuit and porridge all had a 

significantly lower glucose response than that of the white bread (p<0.05). At all of these 
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time points, the millet porridge had the lowest incremental blood glucose response. The 

millet biscuit was also found to have a significantly higher glycemic response than millet 

porridge at 30, 45 and 60 minutes. The extruded snack was found to be not significantly 

different at any time point to that of the white bread except at time point, 120 minutes, 

when it had a significantly higher incremental glucose response (p<0.05). Overall it was 

found that the proso millet produced foods with a lower glycemic response than white 

bread, except for the extruded snack, which produced a similar glucose response to the 

reference food.
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Figure 4.5 Incremental blood glucose response elicited by the test meals containing refined proso millet. Values 
are means ± SEM for n=12 participants. Means with a different letter differ significantly at the 95th percentile at 
each point of blood glucose determination (15, 30, 45, 60, 90 and 120 minutes).  
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Figure 4.6 Incremental blood glucose response elicited by the test meals containing refined corn. Values are 
means ± SEM for n=12 participants. Means with a different letter differ significantly at the 95th percentile at each 
point of blood glucose determination (15, 30, 45, 60, 90 and 120 minutes).
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As can be seen in Figure 4.6, the corn products followed the same trend as the millet 

products. Generally, the couscous and porridge made from the refined corn were found 

to elicit a significantly lower blood glucose response than the standard white bread at 

30, 45, 60, 90 minutes (p<0.05). Conversely, the corn extrudates showed a significantly 

higher glucose response than that of the corn couscous and porridge at times, 30, 45, 

60 and 90 minutes (p<0.05) and followed a similar trend to that of white bread. This 

agrees with the millet based products, as extruded snacks produced from millet were 

found to also be significantly different from the couscous and porridge at these time 

points (p<0.05). In contrast to the millet products, the corn biscuit had a significantly 

higher glucose response at only 45 and 60 minutes than the corn porridge (p<0.05). 

However it did have a significantly different incremental glucose response than the corn 

couscous at 30 minutes. When looking at both graphs, it can be seen that all product 

types follow the same general trends of glucose response, independent of grain type. 

This indicates that the product type and type of processing used in the manufacture of 

the product may be a driving force in the determination of glycemic response. 

The mean blood glucose AUC, calculated from the curves seen in Figures 4.5 and 4.6, 

following consumption of millet based products, (biscuit, extruded snack, porridge, 

couscous and whole grain couscous) was 82.6±13.7 (B100), 189.3±16.4(E100), 

40.1±5.8 (P100), 66.7±11.6 (CC100) and 76.8±26.8 mmol*min/L (WCC100), 

respectively, and can be seen in Figure 4.7. The corn products’ AUC was as follows: 

102.0±10.3 (B0), 198.7±20.9 (E0), 52.2±8.1 (P0) and 43.5±5.8 (CC0) mmol*min/L. All 
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the AUC values for the corn and the millet were significantly less than the white bread 

reference, except for the extruded snacks. 

 

 

Figure 4.7 Incremental areas under the curve for the 10 different test meals. 

Values are means ±SEM for n=12 participants. Means with a different letter differ 

significantly at 95th percentile. 

For both millet and corn, the extruded snacks had the highest AUCs and this may be 

due to the degree of gelatinization of the products. Extrusion is a high heat, high shear 

processing condition, which can cause a high amount of gelatinization (Svihus et al 

2005). Gelatinization is directly related to glycemic response and as the degree of 

gelatinization increases, so does the glycemic response of the food (Parada and 

Aguilera 2011). The relationship between cooked or gelatinized starch and raw starch 

and their respective effect on glucose and insulin response has been determined in 

wheat (Berthold and Mohamed 1976), oat and barley flakes (Granfeldt et al 2000), corn 
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(Collings et al 1981) and potato (Vaaler et al 1984).  Gelatinization is affected by time, 

temperature, pressure and moisture during the treatment and since this was kept 

consistent for the two grains, the only other factor affecting the gelatinization would be 

the grain itself (Altan et al 2009). As can be seen from Figures 4.5 and 4.6 that the 

blood glucose responses for millet and corn extrudates were similar, indicating that the 

grains probably experienced the same amount of gelatinization.  

The millet and corn based biscuits, couscous and porridge products did not significantly 

differ in their respective blood glucose responses.  All of these products were made 

using the same procedure and parameters, once again the only difference being the 

grain. This indicates the product type may be the dictator of the glycemic response to 

the products.  

Overall, from these graphs it can be seen that the grain type did not impact the blood 

glucose response, but rather the product type or product matrices were responsible for 

the different blood glucose responses.  

4.4.3 Glycemic Index Values 

The mean and the standard error of the mean (SEM) for the glycemic index values can 

be seen in Table 4.3. Following the trends observed in Section 4.4.2, the millet porridge 

exhibited the lowest glycemic index of the millet products with a value of 16.1± 4.1, 

while the millet extrudate had the highest glycemic index at 73.8±12. The corn products 

followed the same trend, with the corn porridge having the lowest glycemic index 

(18.7±3.9) and the extruded snack having the highest glycemic index (77.4±12.3). The 

couscous products had the greatest variation between grains. A difference in glycemic 

index of approximately 19.2% was observed between the corn based couscous (GI of 
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17.4±3.9) and the millet couscous (GI of 36.6±12.4). The whole grain couscous had a 

lower GI (24.4±5.9), than that of the decorticated version, however it was still higher 

than that of corn based couscous. The millet based products were observed to have a 

lower glycemic index than corn based products in both biscuits and porridge. The millet 

biscuits had a GI of 31.8±6.4 and the corn biscuit of 38.1±4.7.  The millet porridge’s GI 

value of 16.1±4.1 was also lower than that of the corn porridge, 18.7±3.9.  

  



 
 

88 

Table 4.3 Means and SEM For Incremental Area Under the Curve and Glycemic 
Index Values For All Test Meals 

Food Abbreviations AUC 

(mmolxmin/L) 

Glycemic Index (%) 

Raw* OE* 

Whole Grain 
Millet 

Couscous 

WCC100 76.8±26.8a1,2 28.5 ±9.9a 24.4±5.9a 

Refined Millet 
Couscous 

CC100 66.7±11.6a 29.9±20.5a 36.6±12.4a 

Refined Corn 
Couscous 

CC0 43.5±5.8a 20.6±7.3a 17.4±3.9a 

Refined Millet 
Biscuit 

B100 82.6±13.7a 33.7±8.1a 31.8±6.4a 

Refined Corn 
Biscuit 

B0 102.0±10.3a 39.7±6.8a 38.1±4.7a 

Refined Millet 
Extruded 
Snacks 

E100 189.3±16.4b 80.8±18b 73.8±12b 

Refined Corn 
Extruded 
Snacks 

E0 198.7±20.9b 80.2±15.3b 77.4±12.3b 

Refined Millet 
Porridge 

P100 40.1±5.8a 17.7±5.5a 16.1±4.1a 

Refined Corn 
Porridge 

P0 52.2±8.1a 21.8±7.1a 18.7±3.9a 

White Bread WB 201.5±17.1b3 71b 71b 
* Raw= All data collected; OE= outliers (>2SD above the mean) excluded. 
1 n=12 
2 Means in the same column with the same letter are not significantly different at the 
95th percentile. 
3n=12 (with 3 replicates for each participant) 
 

The data was further broken down to assess how the different product types grains and 

decortication affected the GI of the products. The results can be seen in Table 4.4, 4.5 
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and 4.6. From a product type perspective, it can be seen that for both grains the 

porridge (P100, P0), couscous (WCC100, CC100, CC0) and biscuit (B100, B0) were not 

significantly different (p>0.05). For both grains the GI of the extruded snacks was 

significantly higher than all other products.  

Table 4.4 Glycemic Index Values (Means ±SEM) Compared Based On Product 
Type 

Grain Couscous Biscuit Extruded 
Snack 

Porridge Whole 
Grain 

Couscous 

Refined 
Millet 

36.6±12.4a1,2 31.8±6.4a 73.8±12b 16.1±4.1a 24.4±5.9a 

Refined 
Corn 

17.4±3.9a 38.1±4.7a 77.4±12.3b 18.7±3.9a N/A 

1n=12 
2 Means in the same row with the same letter are not significantly different at the 95th 
percentile. 

 

Decortication had an effect on glycemic index, which demonstrates that removal of the 

bran portion of the grain is important for glycemic response. The whole grain couscous 

had a GI value of 24.4±5.9 while the decorticated couscous had a GI value of 36.6 

±12.4 (see Table 4.5). These values were significantly different (p<0.05). These results 

were expected as it was hypothesized that the decorticated couscous would have a 

significantly higher GI than the whole grain couscous. This agrees with many other 

studies and the results in Chapter 3, indicating that decortication leads to a increase in 

glycemic response (Foster-Powell et al 2002, Jenkins et al 1987, Shukla and Srivastava 

2014, Slavin et al 2003). The whole grain millet contained a higher phenolic content, 

and higher fibre, fat and protein content than the decorticated millet. Phenolic content 



 
 

90 

decreases the blood response by building complexes with carbohydrates and inhibiting 

carbohydrate-hydrolyzing enzymes (Bravo 1998, Ramdath et al 2014). Fibre, fat and 

protein also all work to decrease the blood glucose response in a variety of ways, as 

discussed in Chapter 3 (Jenkins et al 1987, Frost et al 2003, Henry et al 2008, Singh et 

al 2010, Wolever et al 1991). 

Table 4.5 Comparing Glycemic Index (Means ±SEM) of Whole Grain and Refined 
Millet Couscous 

Product  Whole Grain Couscous Refined Couscous 

Mean 24.4±5.9a1,2 36.6±12.4b 

1 n=12 
2 Means in the same row with the same letter are not significantly different at the 95th 
percentile 

 

Examining for differences in the GI based on the grain type, (see Table 4.6), shows that 

there is only are significant differences, between the two couscous products (36.6±12.4 

for millet couscous and 17.4±3.9 for corn couscous) and the two porridge products 

(16.1±4.1 for millet porridge and 18.7±3.9 for corn porridge). The difference between the 

two couscous products may have occurred due to the inclusion of corn meal, rather 

than intact refined corn in the corn couscous. By contrast, for the millet couscous intact 

refined proso millet was used. Unlike intact refined corn, corn meal is processed and 

can impart different properties in the flour. If the corn was heated or tempered during 

processing it could have resulted in gelatinization. Following this, once it cooled down to 

room temperature, retrogradation could have occurred. If retrogradation did occur and 

the resistant starch was formed, then this could decrease the GI (Kendall et al 2004). 
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Furthermore, the corn meal could have had a higher amount of amylose than the 

decorticated millet, leading to a lower amount of gelatinization and a lower GI (Kabir et 

al 1998). The use of corn meal is a limitation to this work and future studies should be 

undertaken with intact corn in the future.  

Table 4.6 Glycemic Index Values (Means ±SEM) Compared Based on Grain Type 

Product Type Refined Millet Refined Corn 

Couscous 36.6±12.4a1,2 17.4±3.9b 

Biscuit 31.8±6.4a 38.1±4.7a 

Extruded Snack 73.8±12a 77.4±12.3a 

Porridge 16.1±4.1a 18.7±3.9b 
1 n=12 
2 Means in the same row with the same letter are not significantly different at the 95th 
percentile. 

 

The porridge products may have significantly differed (p<0.05) due to the aspects of the 

grain discussed in Chapter 3 and the proximate composition of the flours. The millet 

flour contains a higher amount of protein, fat, phenolics and fibre then that of the corn 

flour. All of these components have been shown to lead to a decreased glycemic 

response (Henry et al 2008, Singh et al 2010, Wolever et al 1991). The extruded snacks 

and biscuits produced from the proso millet had lower GIs than those produced from the 

refined corn, however they were not significantly different (p>0.05).  

Mohan et al (2005) suggested that starch-lipid complexes and protein encapsulated 

granule matrices are partially responsible for the hypoglycemic property of millet. The 

protein fractions, such as albumins, globulins and glutenins, bond proteins bodies 
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together into a matrix surrounding the starch. This matrix acts as a barrier to amylases 

(Hamaker and Bugusu 2003). In 1987, Jenkins et al reported that starch-protein 

interactions reduce the glycemic response. 

Starch-lipid complexes have been observed to have an inverse relationship with the 

extent of starch hydrolysis (Seneviratne and Biliaderis 1991). Holm et al (1983) bound 

potato amylose with lipids and found it to have a reduced susceptibility to alpha-

amylase in vitro. It has also been reported that lipids of different structures produce 

different effects on starch-hydrolysis rates of starch-lipid complexes (Guraya et al 1997). 

Consequently, it has been determined that starch bonding with oleic and lauric acid 

results in the largest reduction in starch hydrolysis (Kawei et al 2012). Future work on 

the glycemic response of proso millet and corn should investigate the effect of these 

different interactions. 

Overall it was hypothesized that the products manufactured from proso millet would 

have a lower GI than corn products, however this was not the case. Only the porridge 

produced from millet had a significantly lower GI than that produced from corn (p<0.05). 

The products manufactured with proso millet had a GI similar to those made from 

refined corn or, in the case of the couscous made with 100% millet, a GI higher than its 

corn counterpart. Many studies have found that use of millet in foods has led to a 

decrease in the GI of the product when compared to other grains (Abdelgadir et al 2004, 

Anju and Sarita 2010, Kumari and Sumathi 2002, Shobana et al 2007, Thathola et al 

2010, Ugare et al 2011). However, none of these investigated the use of decorticated 

millet, proso millet or millet grown in North America or compared millet’s glycemic 

properties to that of refined corn. Furthermore, in the studies listed, the millet was 
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incorporated into traditional products and was not incorporated into new products, 

traditionally not made with millet. These unfamiliar products or products familiar to North 

Americans utilize different processing that impart difference properties (glycemic or 

chemical) in the millet products. The properties would have not been observed when the 

millet was traditionally processed and used to prepare traditional foods. 

The refined proso millet produced three products that could be considered low GI and it 

was the porridge, couscous and biscuit. This indicates that the millet, once decorticated, 

does not lose its hypoglycemic properties, but rather decreases it. The one whole grain 

product (whole grain couscous) included in the study had a glycemic index of 24.4±5.9. 

Comparing the GI of the whole grain couscous to the refined millet couscous’ GI 

(36.6±12.4), it can be seen that the decortication negatively affected the glycemic index 

(p<0.05). As was stated above, this was expected for a variety of reasons.  

The extruded snack produced a high GI product (73.8±12), as can be seen in Figure 

4.8. The extruded snack was produced from the same decorticated proso millet as the 

porridge, biscuit and couscous and yet its glycemic response is much higher than those 

products (p<0.05). This was also seen in the refined corn flour products, with the 

product type dictating the glycemic response. These results indicate that independent of 

the flour utilized, the product matrix and processing play a crucial role in the glycemic 

index of cereal grains and specifically of proso millet in this study. 
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Figure 4.8 Glycemic index values for the 10 different test meals. Values are means 
± SEM for n=12 participants. Means with a different letter are differ significantly at 
95th percentile. 

 

Previous studies have indicated the product matrix or type plays a role in determining 

the glycemic response of a food. For instance, in pasta the dense texture created during 

preparation reduces the starch digestion ratio, thus lowering the glycemic response 

(Granfeldt et al 1991). In this study, the couscous had a lower GI than the extruded 

snacks. This could be due to the fact that the grain remains intact during product 

manufacture, something that has previously been observed in rice (Jarvi et al 1995). 

Juntunen et al (2002) found that the lower glycemic response produced by rye bread 

and pasta as compared to wheat bread was not explained by the type of cereal or rate 

of gastric emptying, but by the structural properties of the food. Although the 

mechanism responsible for the GI differences due to product matrix was not within the 

scope of this study it indicates that the product matrix and structure must be 
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investigated to fully understand glycemic responses. Further studies involving proso 

millet and corn should look at the food matrix and its impact on the glycemic index. 

4.5 Conclusions 

The use of decorticated proso millet in products that are common to North Americans 

did lead to manufacture of low glycemic foods, except for when the proso millet was 

extrduded. Foods produced from proso millet and corn lead to similar glycemic 

responses. Furthermore, decortication did lead to a negative effect on glycemic 

response of millet, as the whole grain couscous had a significantly lower GI than that of 

the refined corn couscous. However, this study did show that, independent of grain 

type, product matrix and structure do play a role in GI and that it may even dictate the 

glycemic response of the food. Future work should investigate the mechanism with 

which the product matrix of corn and proso millet based products effects GI. It should 

also include an investigation of the starch-protein and starch lipid interactions and 

identify the fatty acids present in these grains. 
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Chapter 5: Preferred Attribute Elicitation of Extruded Millet Snacks 
and Biscuits 

 
Abstract 
There is an increasing push by consumers for new food products that can provide 

health benefits.  In order to develop these products, sometimes it is necessary to look to 

alternative crops, one of which is millet. For millet to be successfully adopted by 

consumers, work must be undertaken to find product types that are acceptable to North 

Americans. Biscuits and extruded snacks were produced using varying amounts of 

refined proso millet flour (0%, 25%, 75%, 100%). Sensory analysis was conducted on 8 

products (the 4 types of biscuits and 4 types of extruded snack) in two separate tests 

(one for biscuits and one for snacks). Preferred Attribute Elicitation, or PAE, a relatively 

new method was used to determine attributes affecting liking of the products. Results 

indicated that as the amount of millet in the biscuits and extruded snacks increased, the 

liking of the flavour, texture and overall liking decreased. Millet contributed to a bitter 

taste and bitter aftertaste as well as created gritty and dry food products. Results 

indicate that more work must be done to find products which can be added into the diet 

to take advantage of the health benefits millet provides. 

Keywords: proso millet, PAE, extruded, biscuits, consumer liking 
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5.1 Introduction 

Type 2 Diabetes (T2DM) is a significant health problem in Canada, where it is estimated 

that about 2 million persons are affected, and one-third of those affected are unaware 

that they have the disease (Statistics Canada 2009). It is important to explore new 

strategies to reduce the risk of diabetes. Several epidemiological studies have 

demonstrated strong associations between a diet rich in plant-based foods and 

reductions in the risk of developing CVD and T2DM (Bazzano et al 2003; Joshipura et al 

2001; Rissanen et al 2003).  

Millet is rich in calcium, and dietary fibre and is superior to wheat, maize and sorghum in 

terms of energy density, protein, fat and vitamin content (Rathi et al 2003). Millet does 

not contain gluten and has been shown to have a beneficial role on blood glucose and 

cholesterol regulation (Chandrasekara and Shahidi 2011; Gupta and Nagar 2010; 

Shobana et al 2009). Millet has been shown to have many health benefits but what 

consumers think about this grain and what attributes drive their liking of millet-based 

products still needs to be investigated. At the present time, this cereal grain is 

underutilized in North America. 

Sensory characterization is sparse for millet based products, however the studies that 

have been conducted have found that millet creates products with undesirable visual 

characteristics (brown or dark colours) (Obatolu 2002). Furthermore, millet has been 

found to decrease acceptability scores when it incorporated into pasta and bread 

(Krishnan and Prabhasankar 2010; Singh et al 2012).  These studies involved 

participants who live in regions where millet is commonly consumed, for instance 

Southeast Asia or Africa. In the North American population, where T2DM is prevalent, 
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consumers would benefit from products made from millet. However, few studies have 

been conducted with this population. Millet breakfast cereal designed for an American 

diet was investigated, and it was found that the colour of whole grain proso and foxtail 

millet based breakfast cereal darkened and an intense aftertaste was perceived 

(Ferriola and Stone 1998).  This is the only study conducted on millet based food using 

North American consumers. Furthermore this work was conducted using a trained panel 

for intensity scores of attributes, but consumer information (liking, acceptability) was not 

collected. Liking information is essential to ensure millet based products are acceptable 

to consumers. It is also necessary to understand factors that may be affecting liking. 

Therefore, Preferred Attribute Elicitation (PAE) will be used in this study to determine 

what characteristics are liked and disliked about the millet based products, as well as to 

determine the overall liking of the millet based products. 

PAE is a relatively new method used by Grygorczyk et al. (2012) to describe a yogurt-

like dessert. Conventional profiling methods provide a detailed description of the 

product but do not rank or provide a value of how important that attribute is (Perrin et al 

2008). This can make it difficult for product developers to know which attribute to focus 

their attention on. Recently there has been an interest in more rapid sensory 

techniques, for instance Napping ® to find a difference in products (Perrin et al 2008). 

However this method generates a large set of attributes because the method is carried 

out on an individual basis, instead of as a group (Grygorczyk et al 2012). Furthermore, 

Napping ® does not capture the importance of the attributes for liking, and instead 

merely lists what attributes are present in the product. PAE involves eliciting agreement 

from a group of consumers on attributes describing a set of products. The attributes 
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agreed upon are ranked for their importance or impact on the liking of the products. 

Using a group of consumers for this evaluation will give product developers a clear 

indication of what attributes drive consumer liking (Grygorczyk et al 2012). This method 

has been used on products that are common to consumers, however products with 

unfamiliar ingredients or flavours, have not been examined using this technique. 

Given the health benefits of millet, the increasing number of people with T2DM and a 

lack of knowledge of millet’s sensory properties, this study will examine North American 

consumers’ perceptions of the sensory properties of millet products. It will evaluate 4 

biscuits and 4 extruded snacks made from varying levels (0, 25, 75,100%) of refined 

proso millet using the PAE method to understand their sensory characteristics. 

5.2 Materials 

5.2.1 Biscuit and Extruded Snack Preparation 

Two different grains were used in all of the products (biscuits and extruded snacks); 

100% refined proso millet, and 100% refined corn. The production methods for all 

products can be seen in Chapter 3. The biscuits were produced the night before and the 

extruded snacks had previously been manufactured by Bunge (Bradley, Illinois, United 

States of America) and frozen until use. Twelve hours prior to testing, the extrudates 

were removed from the freezer and held at room temperature (21°C). The list of the 

different formulations for the biscuits and the extrudates can be seen in Table 5.1 and 

5.2, respectively. 

 

 

 



 
 

100 

Table 5.1 List of Proso Millet/Corn Biscuits 

Name Flours 

B100 100% refined proso millet flour/0% refined corn flour 

B75 75% refined proso millet flour/ 25% refined corn flour 

B25 25% refined proso millet flour/75% refined corn flour 

B0 0% refined proso millet flour/ 100% refined corn flour 

* All other ingredients are the same only the flour changes 

 

Table 5.2 List of Proso Millet/Corn Extruded Snacks 

Name Grains 

EX100 100% refined proso millet/0% refined corn  

EX75 75% refined proso millet/ 25% refined corn  

EX25 25% refined proso millet /75% refined corn  

EX0 0% refined proso millet / 100% refined corn  

* All extrudates had the same amount of water added to each 50 kg batch  

 

5.3 Methods 

PAE was performed on the biscuits and extruded snacks on two different days. Ethics 

approval was obtained from the University of Guelph Research Ethics Board 

(REB#11AU004).  

Consumers for sensory testing were recruited by posting advertisements through online 

classified advertisements and around the University of Guelph campus. All consumers 

ate biscuits and extruded snacks at least once a month and were not employed by a 
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food company. The age range of participants was 19-50 with the majority being 

university students between the ages of 19-25.  

The PAE method by Grygorczyk et al. (2012) was utilized, and the procedure is 

summarized below. Testing of both biscuits and extruded snacks followed the same 

protocol. 

5.3.1 Preferred Attribute Elicitation  

The steps for both the biscuits and extruded snacks used in this study are presented as 

follows: 

1. Overall liking, flavour liking and texture liking of each sample were evaluated 

individually by panelists individually using a 9-point hedonic scale. Space was 

provided for panelists to write comments on what they liked and disliked about 

each sample. 

The following steps (2 to 5) were accomplished through a group discussion moderated 

by the researcher: 

2. A round table discussion of the attributes describing each product was 

completed. 

3. Generated attributes were grouped in ways considered appropriate by panelists 

(i.e. If panelists felt the terms chewy and rubbery meant the same thing, they 

were grouped together and were considered to be the same attribute). 

4. 7-point scales were generated for the attribute groups and panelists assigned 

anchor descriptor terms for the intensity of the agreed upon attribute groups. 

Antonymous attributes were grouped into a single scale (For instance soft and 

hard would be placed on the same scale, just on opposite ends of the scale). 
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Panelists were informed that if the scale did not encompass all of the important 

attributes, they could make additional scales. Furthermore attributes were 

narrowed down by asking questions such as “Are there any attributes here that 

you feel will be hard to evaluate in the sample?” 

5. Panelists ranked the attributes according to importance for liking of the sample. 

The group was told that if they felt that certain attributes were equally important, 

then they could hold the same rank of importance. 

6. After a 10-minute break, panelists were provided with new samples with different 

3 digit codes than the first samples and evaluation sheets. The sheets contained 

7-point intensity scales for each sample with the agreed upon anchor terms.  

Panelists, using paper ballots, individually evaluated the intensity of the attributes for 

each sample. The sessions lasted between 60-90 minutes. 

The above procedure was carried out by four groups of consumers (2 groups male and 

2 groups female) on two days. On day one, the biscuits were evaluated and on day two, 

the extruded snacks were evaluated. 14 females and 10 males evaluated the biscuits; 

15 females and 10 males evaluated the extruded snacks.  

5.3.2 Consumer testing 

In addition to PAE data, liking data was also collected using a larger group of 

consumers. A total of 72 consumers (51 women and 21 men) participated in the study 

on the biscuits, while 67 consumers (43 women and 24 men) participated in the 

extruded snack study. Volunteers were recruited from the farmers market in Wolfville, 

Nova Scotia on two different days. On day one, recruited participants were asked to 

evaluate the four varieties of biscuits, while on day two participants were asked to 
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evaluate the four varieties of extruded snacks. The age range of participants was 19-65. 

Consumers were verbally screened for egg and milk allergies and frequency of extruded 

snack and biscuit consumption. Only those who consumed biscuits and extruded 

snacks at least once a month were asked to take part in the sensory tests. Testing was 

completed at the farmers market at tables, and consumers were asked to rate their 

liking of the texture, flavour and their overall liking of the products on a 9-point hedonic 

scale. Ethics approval was obtained from the Acadia University Research Ethics Board 

(REB#13-72). 

5.3.3 Sample Presentation to Panelists 

Both PAE and consumer liking utilized the same sample presentation. One biscuit 

(approximately 25g) and seven pieces of extruded snack (approximately 3g) were 

presented to panelists for testing. The biscuits were presented on a plate with random 3 

digit codes, while the extrudates were placed in Styrofoam cups with a lid and a random 

3 digit codes were placed on the outside of the cups. Both types of samples were 

presented at room temperature. Samples were presented in a random order with apple 

slices and water for palate cleansing.  

5.3.4 Statistical Analysis 

5.3.4.1 Preferred Attribute Elicitation 

Statistical analysis of the PAE data was accomplished using XL STAT 2013 (Addinsoft 

SARL, New York, NY, U.S.A.) in Microsoft Excel™ 2011 and IBM SPSS STATISTICS 

Version 20 (IBM, New York, NY, U.S.A.). First, means and standard deviations were 

calculated for the liking data from step 1 of the PAE method. The liking data was 

subjected to a one-way ANOVA followed by a Tukey’s HSD Test using IBM SPSS 
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STATISTICS to determine if there was a significant difference among the samples. The 

descriptive data from step 6 was then combined, and normalized using Generalized 

Procrustes Analysis (XL STAT, 2013).  

5.3.3.2 Consumer Testing 

Consumer liking scores were subjected to a one-way ANOVA and a Tukey’s HSD test 

(IBM SPSS STATISTICS Version 20 (IBM, New York, NY, U.S.A.) to establish 

significant differences among the biscuits and extruded snacks for liking. 

5.4 Results and Discussion 

Sensory attributes for two different products made with varying amounts of refined 

proso millet flour and corn flour were created using the PAE method. These results 

were used to present a list of attributes of what North American consumers like or 

dislike about common foods being created with refined proso millet flour.  

5.4.1 Biscuit Attributes 

Table 5.3 lists all the attributes that were generated by all participants, divided by 

gender. In both sessions the terms gritty, crumbly, sweet, dense, bitter aftertaste, and 

oily were generated however, the order of importance differed between males and 

females. Females ranked dry, bitter and gritty as the top three attributes that most 

affected their liking while the males ranked moist, gritty and crumbly as their top three. 

Many other attributes seen in Table 5.3 are not desirable attributes in biscuits (rancid, 

bitter aftertaste, dry, and dense). The bitter aftertaste detected by the participants was 

also found by Ferriola and Stone (1998), when studying millet breakfast cereal. The 

crumbly texture that was detected by both genders could be due to the addition of proso 

millet to the biscuit. The addition of millet has been shown to make biscuits crumbly and 
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brittle (Shimray et al 2012). It is also interesting to note that the number one attribute for 

the males and females (dry and moist) are opposite of each other. Both of the terms 

could be considered to be synonymous, which means that the moisture content is an 

important component of the biscuit’s composition. 

 
Table 5.3 Attributes Generated by the PAE to Characterize the Biscuits, Listed in 
Order of Importance. 
Females Males 

1. Dry 1. Moist 

2. Bitter 2. Gritty* 

3. Gritty* 3. Crumbly* 

4. Crumbly* 4. Bitter Aftertaste* 

5. Sweet* 5. Dense* 

6. Dense* 6. Springy 

7. Bitter Aftertaste* 7. Sweet* 

8. Rancid 8. Oily* 

9. Oily* 9. Firm 

* Attributes were generated by both groups of panelists 

 

Overall liking (Table 5.4 and Table 5.5) for both genders followed a trend for decreased 

overall liking and texture liking with the increasing levels of proso millet in the biscuits. 

The liking of flavour for the biscuits did not differ significantly when evaluated by males 

however, females showed a significant difference in the liking of 100% millet biscuit and 

0% millet, where the 100% proso millet biscuit was significantly less liked than the 0% 

proso millet biscuit. None of the liking scores for 100% millet biscuit were above 5 

(neither like nor dislike) on the 9-point hedonic scale.  Other studies of millet have also 
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found that found that, as the amount of millet addition increases, sensory scores 

decrease (Alobo 2001; Shimray et al 2012). The biscuit that had no refined proso millet, 

scored the highest on all of the liking scales. These results suggest that North American 

consumers specifically may not enjoy these products formulated exclusively with refined 

proso millet.  
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Table 5.4- Overall Liking of Biscuits As Evaluated By Both Genders 

 

Females 

Biscuits 

B100 B75 B25 B0 

Overall Liking 

Mean 

St Dev 

 

3.9a1,2,3 

1.4 

 

5.4b 

1.6 

 

6.6bc 

0.5 

 

7.1c 

1.2 

Flavour Liking 

Mean 

St Dev 

 

4.8a 

1.6 

 

6.3b 

1.2 

 

6.4b 

1.0 

 

6.7b 

1.9 

Texture Liking 

Mean 

St Dev 

 

3.5a 

1.9 

 

4.5ab 

2.4 

 

5.6b 

1.5 

 

7.4c 

0.8 

Males 

Overall Liking 

Mean 

St Dev 

 

3.8a4 

1.6 

 

4.5ab 

1.8 

 

6.0b 

1.6 

 

6.3b 

1.4 

Flavour Liking 

Mean 

St Dev 

 

5.1a 

1.7 

 

5.8a 

1.7 

 

6.0a 

1.1 

 

5.8a 

1.8 

Texture Liking 

Mean 

St Dev 

 

3.2a 

1.6 

 

3.5a 

1.7 

 

5.5b 

1.4 

 

6.7b 

1.1 

     
1 Means in a row with the same letter are not significantly different p>0.05 
2 All attributes evaluated on a 9-point hedonic scale for liking(1= Dislike Extremely, 9= 
Like extremely) 
3 n= 14 
4n=10  
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Figure 5.1 Attributes generated by females when evaluating the biscuits. 
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Figure 5.2 Attributes generated by males when evaluating the biscuits. 

Figures 5.1 and 5.2 show the results from the Generalized Procrustes Analysis (GPA) 

and demonstrate which attributes were most often associated with each biscuit. 

Crumbly and gritty textures were associated with the 100% millet biscuit by both 

genders and this biscuit was the most disliked by consumers. The sweet attribute was 

associated with the biscuits with the least amount of millet; 25% millet and 0% millet. 

These biscuits were liked more by both genders than the higher millet biscuits.  

Both genders used rancid and oily to describe the biscuits with the higher amount of 

proso millet. This may be due to the high amount of fat found in proso millet flour (3.1%) 
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as compared to the corn flour (0.9%). The chemical composition of the different biscuits 

has been discussed in Chapter 3. Bitter and bitter aftertaste was found in 75% millet 

and 100% millet biscuits. Consumers do not usually enjoy bitterness (Ferriola and Stone 

1998, Drewnowski et al 1997), particularly in a biscuit.  Dense was associated with the 

75% millet biscuit by both genders and this is a characteristic that is associated with 

many gluten free foods (Ahlborn et al 2005). Moistness or dryness of the product was 

felt to be important to both groups and was directly affected by the amount of proso 

millet in the recipe with the 0% and 25% millet biscuits being described as moist, while 

the 75% and 100% millet biscuits described as dry. 

Based on the results of the two PAE sessions, product developers should focus their 

work on making proso millet biscuits that are not dry, not crumby and not gritty. 

Additionally, the amount of bitterness in the biscuits should be reduced. The sensory 

results indicate that the inclusion of 25% millet seems to be the most preferred amount 

of proso millet to add to a biscuit. However, reductions in the amount of millet also 

reduce the health benefits in this biscuit. 

5.4.2 Extruded Snacks Attributes 

When characterizing the proso millet extruded snacks, females produced 7 attributes, 

while males produced 11 attributes. Bitter aftertaste was indicated as the most 

important attribute by the males and the second most important attribute to females. 

The remaining attributes ranked in the top three of importance related to the texture of 

the products (crunchy, dense, hard), as well as an off flavour (third in importance for 

females). Similar product attributes were detected by both genders, as both males and 

females described the extruded products as crunchy, possessing a bitter aftertaste, 
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tooth packing, dense, and sweet.  Based on the ranking of importance, it seems the 

texture and bitter aftertaste play a much larger role in the liking of the extruded snacks 

than it did in the liking scores for the biscuits.  

Table 5.5- Attributes Generated by the PAE to Characterize the Extruded Snacks, 
Listed in Order of Importance. 

Females Males 

1. Crunchy* 1. Bitter Aftertaste* 

2. Bitter Aftertaste* 2. Dense* 

3. Off Flavour 3. Hard 

4. Tooth Packing* 4. Tooth-Packing* 

5. Dense* 5. Dry 

6. Sweet* 6. Crunchy* 

7. Appearance 7. Crispy 

 8. Bitter 

 9. Sweet* 

 10. Colour 

 11. Chewy 

* Attributes were generated by both sessions of panelists 

  

There were some differences in liking of products between males and females. The 

females did not find a significant difference in overall liking of the extruded snacks, 

however, texture liking differed between the 100% millet extrusion and the two lowest 

millet samples (0% and 25% millet extrusion). Liking of the flavour of the 100% millet 

extrusion and 0% millet extrusion also differed. Significant difference in overall liking 

and flavour of the extrusions were observed for the males when evaluation the 100% 
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millet and 0% millet samples. No differences in texture liking were observed for the 

males. Overall, for both males and females liking scores decreased as the amount of 

millet increased, following the trend that has been seen in other millet sensory studies 

(Krishnan and Prabhasankar 2010). However, not all the liking scores for 100% millet 

extrusion were significantly different than the 0% millet extrusion, which indicates 

extruded snacks may be a food product better suited for millet incorporation than the 

biscuits. The scores were still relatively low on the 9-point hedonic scale and suggest 

that the millet extruded snacks were not well liked within the context of the PAE panel. 

However, these extruded snacks were unflavoured and not fried in oil. Usually extruded 

snacks are eaten with cheese flavouring and fried in oil and the lack of these 

components may have led to lower liking scores from the consumers. Further studies 

should look at incorporating flavourings and oil into the extruded snack and investigating 

how that affects the liking scores. 
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Table 5.6 Overall Liking of Extruded Snacks As Evaluated By Both Genders 

 

Females 

Extruded Snacks 

E100 E75 E25 E0 

Overall Liking 

Mean 

St Dev 

 

4.7a1,2,3 

1.5 

 

5.3a 

1.3 

 

6.0a 

1.6 

 

6.1a 

1.6 

Flavour Liking 

Mean 

St Dev 

 

4.3a 

1.6 

 

4.6a 

1.3 

 

5.8ab 

1.4 

 

6.6b 

1.1 

Texture Liking 

Mean 

St Dev 

 

4.3a 

1.9 

 

5.5ab 

2.4 

 

6.1b 

1.5 

 

6.4b 

0.8 

Males 

Overall Liking 

Mean 

St Dev 

 

3.8a4 

1.4 

 

4.8ab 

1.6 

 

6.2b 

0.5 

 

6.2b 

1.2 

Flavour Liking 

Mean 

St Dev 

 

3.6a 

1.6 

 

4.5ab 

1.2 

 

5.9bc 

1.0 

 

6.7c 

1.9 

Texture Liking 

Mean 

St Dev 

 

4.0a 

1.9 

 

5.0a 

2.4 

 

5.7a 

1.5 

 

6.0a 

0.8 
1 Means in a row with the same letter are not significantly different p>0.05 
2 All attributes evaluated on a 9-point hedonic scale for liking (1= Dislike Extremely, 9= 
Like extremely) 
3 n= 15 
4n=10 
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Figures 5.3 and 5.4 show the attributes associated with each extruded snack. Panelists 

detected many negative attributes (bitter aftertaste, off flavour, bitter and dry) in the 

100% millet extrusion. This was expected as millet in other studies has been seen to 

impart all of these attributes (Alobo 2001; Ferriola and Stone 1998). The 75% millet 

extrusion was associated with crunchiness, and also identified as dense and hard (by 

the males). Millet products have been previously described as dense and hard, and it 

could be attributed to the high fat content (Jideani and Danladi 2005). The fat content of 

the 100% millet extrusion was 3.1%, while the 0% millet extrusion only had a fat content 

of 0.5%. Fat content has been stated as a reason that extrudates can be dense and 

small in size (Liu et al 2000). The 0% millet extrusion, which contains no proso millet, 

was found to be chewy and have tooth packing, but was not dense or hard. The 25% 

millet extrusion was desirable to consumers; it was described as sweet by both 

genders. 
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Figure 5.3 Attributes generated by females when evaluating the extruded snacks. 

 

Figure 5.4 Attributes generated by males when evaluating the extruded snacks. 
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When producing extruded snacks with more than 25% refined proso millet, the texture 

and flavour of the extrudate is altered. Strategies will need to be investigated to improve 

the texture and remove the bitter aftertaste of the extrudates. The bitter aftertaste could 

possibly be rectified with addition of flavourings to the extrudates. As was seen with the 

biscuits, North Americans consumers found the incorporated 25% proso millet extrudate 

to be an acceptable product. 

5.4.3 Consumer Liking of Biscuits and Extruded Snacks 

The results of the consumer liking trial can be seen in Table 5.7 and 5.8. Overall the 

results agree with the liking scores seen within the PAE panel. As the amount of proso 

millet in the biscuit and extruded snacks increased, the liking scores decreased. These 

results once again agree with the work done by Alobo (2001) and Shimray et al. (2012), 

who studied biscuits. The 100% millet and 75% millet biscuits were found to be 

significantly different than 25% and 0% millet biscuits for overall liking, flavour and 

texture. The highest scores were observed for the products that only contained refined 

corn. The only difference between the PAE panel and the consumer liking trial being 

that during PAE, the males did not show significant differences in liking scores for the 

flavour of the biscuits whereas the consumer results indicated that there was a 

significant difference in flavour across the four biscuits tested. 
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Table 5.7 Overall Liking of Biscuits As Evaluated By Consumers 

 

Consumers 

Biscuits 

B100 B75 B25 B0 

Overall Liking 

Mean 

St Dev 

 

3.7a1,2,3 

1.52 

 

4.5b 

1.63 

 

5.5c 

1.43 

 

6.3d 

1.56 

Flavour Liking 

Mean 

St Dev 

 

4.6a 

1.82 

 

5.2a 

1.68 

 

5.9b 

1.24 

 

6.1b 

1.64 

Texture Liking 

Mean 

St Dev 

 

3.2a 

1.75 

 

3.5a 

1.75 

 

5.1b 

1.71 

 

6.4c 

1.55 
1 Means in a row with the same letter are not significantly different p>0.05 
2 All attributes evaluated on a 9 point hedonic scale for liking (1= Dislike Extremely, 9= 
Like extremely) 
3 n= 71 
 
Consumer evaluations clearly showed that the 100% millet and 75% millet extrusions 

were liked significantly less than the 25% and 0% millet extrusions for all attributes 

tested. This disagreed with the females in the PAE panel, where no significant 

difference in overall liking among any of the extruded snacks was observed. Differences 

in liking of the texture and flavour of the snacks, however, were observed. Results 

collected from the males in the PAE panel agreed with those from the consumer panel. 

But no significant difference in texture liking scores of the extruded snacks was 

indicated by the males. Overall, consumers did not like the products made with the 

refined proso millet. Furthermore, the consumers’ results were similar to those found in 
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the PAE panel and indicate that PAE is a good indicator of liking scores for products 

consumers are not familiar with. 

 

Table 5.8 Overall Liking of Extruded Snacks As Evaluated By Consumers 

 

Consumers 

Extruded Snacks 

E100 E75 E25 E0 

Overall Liking 

Mean 

St Dev 

 

3.6a1,2,3 

1.61 

 

4.2a 

1.73 

 

5.5b 

1.35 

 

6.0b 

1.63 

Flavour 

Mean 

St Dev 

 

4.2a 

1.74 

 

4.9a 

1.74 

 

5.6b 

1.58 

 

5.9b 

1.94 

Texture 

Mean 

St Dev 

 

3.5a 

1.86 

 

3.7a 

1.79 

 

5.1b 

1.75 

 

5.9c 

2.04 
1 Means in a row with the same letter are not significantly different p>0.05 
2 All attributes evaluated on a 9 point hedonic scale for liking (1= Dislike Extremely, 9= 
Like extremely) 
3 n= 67 
 
 
Refined proso millet could be incorporated in small amounts in products that are familiar 

to North Americans. In large amounts, results from the PAE and consumer trials 

indicate that consumers will not accept them. Specifically, the products manufactured 

from 100% refined proso millet scored quite low and were not well liked by consumers. 

The use of flavourings could increase liking of extruded millet product. With the biscuits, 

new formulas and additions should be examined to negate the undesirable aspects of 

using refined proso millet flour. 
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Consumer testing was undertaken to ensure that the small sample size (n=24-25) used 

during the PAE trials was representative of a larger population (n=67-71). As shown in 

this study, the individuals involved in the PAE testing scored the products similarly to 

those volunteers during the consumer testing. This indicates that PAE was able to 

present information that represents that of a general population. Furthermore, PAE trials 

were conducted at the University of Guelph in Guelph, Ontario, while the consumer 

testing was completed at Acadia University in Wolfville, Nova Scotia. These two places 

are separated by more than 1800 kilometres and have very different demographics. 

Wolfville is a town of 4,300 people, while Guelph has a population over 115,000. 

Furthermore, the testing done at the University of Guelph was done at the university 

and utilized graduate students (age range from 19-50, majority were aged from 19-25). 

The testing in Wolfville was completed at the local farmer’s market and involved 

consumers from the local community (age range from 19-65). However, the results from 

the two trials were very similar and once again indicate that liking scores from the PAE 

trial can be generalized to larger populations. 

The PAE trial was also useful in generating terms to describe the millet product. These 

terms pointed out areas of negative attributes and consumer concerns about the 

products. Furthermore, the PAE trial allowed for attributes of the products to be 

investigated for their intensity without using a descriptive panel (costly and time 

consuming). The PAE method would be useful for product developers who want to 

know about their product’s attributes in a timely and efficient fashion. It also allows for a 

large amount of unfamiliar products to be evaluated by consumers.  
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5.5 Conclusions 

The inclusion of proso millet in foods common to North American consumers requires 

further formulation. In general, North American consumers did not like the proso millet 

based products. These products scored very poorly on the 9-point hedonic scale 

(scores ranging from 3.6-5.3).  Products with a higher amount of refined proso millet 

flour were found to be unacceptable owing to their density, bitterness, bitter aftertaste, 

dry and crumbliness. Products created with only 25% refined proso millet and 75% 

refined corn were acceptable to consumers, but still did not score very well on the 9 

point scale. This study has shown the PAE method is applicable to food items that are 

new and uncommon to consumers as this study was consistent with other sensory 

studies using consumer and descriptive analysis of millet products. 
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Chapter 6: Conclusions & Recommendations 
 

. Overall, this project aimed to produce and investigate foods made from refined proso 

millet that were expected to have low GIs, and that were acceptable to North American 

consumers. There were four specific objectives: the first, to develop food products from 

100% millet flour, was addressed by first creating foods from the refined proso millet 

and comparing them to identical product types composed of refined corn. After the 

creation of the food, the second objective was to characterize these products and 

investigate the expected glycemic index of both the millet and control foods. Refined 

proso millet produced foods with higher protein, lipids, fibre and phenolics than those 

produced by the refined corn. The refined proso millet also produced food items with a 

lower eGI values than those made with refined corn. Two of the proso millet based 

products, specifically the 100% millet porridge and 100% millet couscous were found to 

be low GI (less than 55) (Jenkins et al 1984).  

The results of second objective led to the third objective. Proso millet products were 

evaluated through a human glycemic index study to validate the decorticated proso 

millet’s glycemic response. GI study results showed that refined proso millet could be 

used to produce a 100% millet porridge, couscous and biscuit with low GI. The extruded 

snack manufactured from decorticated proso millet were found to have moderate to high 

GIs. The decortication process did detrimentally affect the GI of the couscous product, 

as the 100% whole grain couscous and the 100% refined couscous had significantly 

different GI values. Furthermore, the use of decorticated proso millet did not result in 

products with an attenuated glycemic response compared with those produced with 

refined corn. However, it was found that product matrix and structure, independent of 
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the grain type, are important factors in affecting the GI of the food. The glycemic index 

of the products were similar across grain types, but were significantly different as the 

product type changed. The porridge products had the lowest glycemic indexes, while 

both the extruded snacks had the highest GI. This was notable as all parameters were 

kept the same while manufacturing the products, the only treatment difference was the 

grain types (refined corn and refined proso millet). When looking at specific products, 

the couscous and the porridge were the only product types where cereal grain had an 

effect on GI; refined millet couscous and porridge led to different GI results than refined 

corn. In this couscous product type, the proso millet increased the GI of the product. 

While in the porridge the proso millet lowered the GI of the product. When averaged 

across all products both grain types elicited the same GI. 

Proso millet and corn have similar amylose contents, however the grains should be 

examined using other parameters as well. It has been suggested that grains with 

shorter chain segments between amylose branch points lead to elevated eGIs and 

starch hydrolysis rates, than those with longer chain segments (Annor 2013). The length 

of amylose chain segments at branch points should be investigated to further 

understand the hypoglycemic properties of these grains. Furthermore starch-protein-

lipid interactions have been studied in kodo millet (Annor 2013). Future work should 

look at how protein and lipid play a role in the glycemic response of proso millet. 

The eGI (in vitro) is often used as a substitute for human GI (in vivo), but this must be 

done with caution as they may not be measuring the same outcome variables. In this 

study, a Pearson’s correlation was conducted in order to examine the relationship 

between eGI and GI. It was found that there was not a strong correlation (r=0.257, 
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p=0.570) between the two measurements. This indicates that the use of eGI as a 

predictor of GI may need to be re-evaluated, specifically when investigating cereal 

grains or specifically, millet.  

The fourth objective was to examine if North American consumers found millet based 

products acceptable. Sensory properties are important considerations of newly 

developed foods, as well as consumer acceptability. The proso millet products were not 

liked and many negative attributes were associated with the inclusion of proso millet. 

Additionally, a sub-objective addressing the effectiveness of PAE evaluation on the 

introduction of products uncommon to consumers was examined in this study. Unlike 

the proso millet products, the use of PAE was found to be an acceptable method to 

evaluate drivers of liking of new products. This is a significant finding, as product 

developers needing to save time and money when manufacturing new products can use 

PAE.  

This research has generated information on the physical and sensory characteristics of 

products using 100% millet, as well as information on the glycemic response to these 

products. This information has enhanced our understanding on how the food processing 

affects glycemic responses, as well as the North American consumer response to millet 

products.  Understanding the effect of different processing methods on the glycemic 

response and taste attributes of millet is important in finding a suitable product for North 

American consumption.  

Future research should examine the effects and mechanism of the product matrix on 

the glycemic index of foods, specifically foods dealing with corn and proso millet. 
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Extrudates and biscuits produced from decorticated proso millet should be altered with 

flavouring agents and other additions and then be evaluated by sensory analysis in 

order to examine if they increase in acceptability. The addition of whole grain proso 

millet to products common to North America should be explored for their glycemic 

response, as well as for consumer acceptability. New and innovative ways to 

incorporate proso millet into food while maintaining the hypoglycemic benefits should be 

examined, especially in light of the changing environment. The glycemic response of 

other types of millets should be more rigorously studied and their addition to new food 

products should be examined for health benefits and sensory acceptability.  

 

  



 
 

125 

REFERENCES 
Abdelgadir, M., Abbas, M., Jarvi, A., Elbagir, M., Eltom, M. & Berne, C. (2004). 

Glycaemic and insulin response of six tradional Sudanese carbohydrate-rich meals 
in subjects with Type 2 diabetes mellitus. Diabetes Medicine, 22, 213-7. 

Abdelrahman, A., Hoseney, R.C. & Varriano-Marston, E. (1984).  The proportions and 
chemical compositions of hand-dissected anatomical parts of pearl millet. Journal 
of Cereal Science, 2(2), 127-133. 

Adebayo, G. B., Otunola, G. A., & Ajao, T. A. (2010). Physicochemical , Microbiological 
and sensory characteristics of kunu prepared from millet , maize and guinea corn 
and stored at selected temperatures, Advance Journal of Food Science And 
Technology, 2(1), 41–46. 

Agie, V., Gokhale, M.K., Paknikar, K.M. & Chipionkar, S.A. (1995). Assessment of pearl 
millet vs. rice based diets for bioavailability of four trace metals. Plant Foods for 
Human Nutrition, 48(2), 149-58. 

Ahlborn, G.J., Pike, O.A., Hendrix, S.B., Hess, W.M. & Huber, C.S. (2005). Sensory, 
mechanical, and microscopic evaluation of staling in low-protein and gluten-free 
breads. Cereal Chemistry, 82(3), 328-35. 

Akerberg, A., Liljeberg, H. & Bjorck, I. (1998). Effects of amylose/amylopectin ratio and 
baking conditions on resistant starch formation and glycaemic indices. Journal of 
Cereal Science, 28, 71-80. 

Akingbala, J. (1991). Effect of processing on flavonoids in millet (Pennisetum 
americanum) flour. Cereal Chemistry, 68(2), 180–183. 

Akingbala, J.O., Uzo-Peters, P.I., Jaiyeoba, C.N. & Baccus-Taylor, G.S.H. (2002). 
Changes in the physical and biochemical properties of pearl millet (Pennisetum 
americanum) on conversion to ogi. Journal of the Science of Food and Agriculture, 
88(1), 1892-1899. 

Al-Kanhal, M. , Al-Mohizea, I.S., Al-Othaimeen, A.I. & Khan, M.A.(1999). Nutritive value 
of various breads in Saudi Arabia. International Journal of Food Sciences And 
Nutrition, 50(5), 345-9. 

Alam, S. A., Järvinen, J., Kirjoranta, S., Jouppila, K., Poutanen, K., & Sozer, N. (2013). 
Influence of Particle Size Reduction on Structural and Mechanical Properties of 
Extruded Rye Bran. Food and Bioprocess Technology, 7(7), 2121–2133.  

Alobo, A.P. (2001). Effect of sesame seed flour on millet biscuit characteristics. Plant 
Foods for Human Nutrition, 56(2), 195–202.  



 
 

126 

Altan, a, McCarthy, K. L., & Maskan, M. (2009). Effect of extrusion cooking on functional 
properties and in vitro starch digestibility of barley-based extrudates from fruit and 
vegetable by-products. Journal of food Science, 74(2), E77–86.  

American Diabetes Association. (1998). Economic consequences of diabetes mellitus in 
the US in 1997. Diabetes Care, 21, 296-308. 

Anderson, B. (2014) Dry milling and extrusion of proso millet and the role of millet lipids 
on extrudate sensory properties (Doctoral dissertation). Available from The 
Atrium, University of Guelph. (September 2014). 

Anderson, J.W., Smith, B.M., & Gustafson, N.J. (1994). Health benefits and practical 
aspects of high-fiber diets. American Journal of Clinical Nutrition, 59(S), 1242S-7S. 

Anette, E., Brita, E., Yvonne, E., & Inger, E. (1999). Improved glycemic control and lipid 
profile and normalized fibrinolytic activity on a low-glycemic index diet in type 2 
diabetes patients. Diabetes Care, 22(1), 10-18. 

Anguita, M., Gasa, J., Martín-Orúe, S. M., & Pérez, J. F. (2006). Study of the effect of 
technological processes on starch hydrolysis, non-starch polysaccharides 
solubilization and physicochemical properties of different ingredients using a two-
step in vitro system. Animal Feed Science and Technology, 129(1-2), 99–115.  

Anju, T., & Sarita, S. (2010). Suitability of Foxtail Millet (Setaria italica) and Barnyard 
Millet (Echinochloa frumentacea) for Development of Low Glycemic Index Biscuits. 
Malaysian Journal of Nutrition, 16(3), 361–8.  

Annor, G. (2013). Millet starches: structural characteristics and glycemic attributes. 
(Doctoral dissertation). Available from The Atrium, University of Guelph. (No.7715).  

Antony, U., Moses, L.G. & Chandra, T. (1998). Inhibition of Salmonella typhimurium and 
Escherichia coli by fermented flour of finger millet (eluesine coracana). World 
Journal of Micorbiology and Biotechnology, 14, 883-886. 

Araya, H., Contreras, P., Alvina, M. & Vera, G. (2002). A comparison between an in 
vitro method to determine carbohydrate digestion rate and the glycemic response in 
young men. European Journal of Clinical Nutrition, 56, 735-739. 

Arts, I. C., Hollman, P. C., Bueno De Mesquita, H. B., Feskens, E. J., & Kromhout, D. 
(2001). Dietary catechins and epithelial cancer incidence: the Zutphen elderly 
study. International Journal of Cancer. 92(2), 298–302.  

Ashraf, M., Ashfaq, M. & Ashraf, M. (2002). Effects of increased supply of potassium on 
growth and nutrient content in pearl millet under water stress. Biologia Plantarum, 
45(1), 141-144. 



 
 

127 

Asp, L. & Granfeldt, E. (1995). The influence of food structure on postprandial in 
patients with non-insulin-dependent diabetes. American Journal of Clinical 
Nutrition, 61, 837-42. 

Asp, N. G., van Amelsvoort, J. M., & Hautvast, J. G. (1996). Nutritional implications of 
resistant starch. Nutrition Research Reviews, 9(1), 1–31. 

Atkinson, F.S., Foster-Powell, K. & Brand-Miller, J.C. (2008). International tables of 
glycemic index and glycemic load values: 2008. Diabetes Care, 31, 2281-2283. 

Bazzano L.A., He J., Ogden L.G., Loria C.,, Vupputuri S., Myers L. &Whelton PK. 
(2001). Legume consumption and risk of coronary heart disease in US men and 
women. Archives of Internal Medicine, 161, 2573-8. 

Bazzano, L. a, Serdula, M. K., & Liu, S. (2003). Dietary intake of fruits and vegetables 
and risk of cardiovascular disease. Current Atherosclerosis Reports, 5(6), 492–9.  

Behall, K.M., & Scholfield D.J. (2005). Food amylose content affects postprandial 
glucose and insulin responses. Cereal Chemistry, 82(6), 654-9. 

Bell, S. J., & Sears, B. (2003). Low-glycemic-load diets: impact on obesity and chronic 
diseases. Critical Reviews in Food Science and Nutrition, 43(4), 357–77.  

Berthold, T. & Mohamed, E. (1976). Funktionelle wirkungen und vera¨ nderungender 
ballastoffe des weizens wa¨ hrend des verdauungsablaufes. Plant Foods For 
Human Nutrition, 26, 211-6. 

Bjorck, I., Nyman, M. & Asp, N.G. (1984). Extrusion cooking and dietary fiber: effects on 
dietary fiber content and on degradation in the rat intestinal tract. Cereal Chemistry, 
61(2), 174-9. 

Bornet F.R., Fontvieille A.M., Rizkalla S., Colonna P., Blayo A., Mercier, C. & Slama, G. 
(1989). Insulin and glycemic responses in healthy humans to native starches 
processed in differentways: correlation with in vitro alpha-amylase hydrolysis. 
American Journal of Clinical Nutrition, 50, 315–323. 

Brand-Miller, J., Hayne, S., Petocz, P. & Colagiure. (2006). Low – glycemic index diets 
in the a meta-analysis of randomized controlled trials. Diabetes Care, 26(8), 2261-
67. 

Brand-Miller, J., Hayne, S., Petocz, P., & Colagiure, S. (2003). Low-glycemic index diets 
in the management of diabetes. Diabetes Care, 26(8), 2261-67. 



 
 

128 

Brand, J. C., Colagiuri, S., Crossman, S., Allen, a, Roberts, D. C., & Truswell, a S. 
(1991). Low-glycemic index foods improve long-term glycemic control in NIDDM. 
Diabetes Care, 14(2), 95–101. 

Bravo, L. (1998). Polyphenols: chemistry, dietary sources, metabolism, and nutritional 
significance. Nutrition Reviews, 56(11), 317–33.  

Brennan, C. S. (2005). Dietary fibre glycaemic response, and diabetes. Molecular 
Nutrition & Food Research, 49(6), 560–70.  

Brennan, C. S., & Cleary, L. J. (2007). Utilisation Glucagel® in the β-glucan enrichment 
of breads: A physicochemical and nutritional evaluation. Food Research 
International, 40(2), 291–296.  

Brennan, M. A., Monro, J. a., & Brennan, C. S. (2008). Effect of inclusion of soluble and 
insoluble fibres into extruded breakfast cereal products made with reverse screw 
configuration. International Journal of Food Science & Technology, 43(12), 2278–
2288.  

Brighenti, F., Pellegrini, N., Casiraghi, M.C. & Testolin, G. (1995). In vitro studies to 
predict physiological effects of dietary fibre. European Journal of Clinical Nutrition, 
49(S3), S81-88. 

Brouns, F., Bjorck, I., Frayn, K. N., Gibbs, a L., Lang, V., Slama, G., & Wolever, T. M. S. 
(2005). Glycaemic index methodology. Nutrition Research Reviews, 18(1), 145–71.  

Brown, L., Rosner, B., Willett, W. W., & Sacks, F. M. (1999). Cholesterol-lowering 
effects of dietary fiber: a meta-analysis. The American Journal of Clinical Nutrition, 
69(1), 30–42.  

Carroll, K.K.(1978). The role of dietary protein in hypercholesterolemia and 
atherosclerosis. Lipids, 13(5), 360-5. 

Castro, I. a, Barroso, L. P., & Sinnecker, P. (2005). Functional foods for coronary heart 
disease risk reduction: a meta-analysis using a multivariate approach. The 
American Journal of Clinical Nutrition, 82(1), 32–40.  

Cavallero, A., Empilli, S., Brightenti, F. & Stanca, A.M. (2002). High barley fractions in 
bread making and their effects on human glycemic response. Journal of Cereal 
Science, 36 (1), 59-66. 

Challacombe, C., Seetharaman, K., & Duizer, L. M. (2011). Sensory characteristics and 
consumer acceptance of bread and cracker products made from red or white 
wheat. Journal of Food Science, 76(5), S337–46. 



 
 

129 

Chandrasekara, A. & Shahidi, F. (2011). Inhibitory activities of soluble and bound millet 
seed phenolics on free radicals and reactive oxygen species. Journal of 
Agricultural and Food Chemistry, 59, 428-36. 

Chandrasekara, A. & Shahidi, F. (2011). Inhibitory activities of soluble and bound millet 
seed phenolics on free radicals and reactive oxygen species. Journal of Agricultural 
and Food Chemistry, 59, 428-36. 

Chandrasekara, A., & Shahidi, F. (2011). Inhibitory activities of soluble and bound millet 
seed phenolics on free radicals and reactive oxygen species. Journal of Agricultural 
and Food Chemistry, 59(1), 428–36.  

Chandrashekar, A. & Kirleis, A.W. (1988). Influence of protein on starch gelatinization in 
sorghum. Cereal Chemistry, 65(6), 457-62. 

Cheftel, J.C. (1986). Nutritional effects of extrusion-cooking. Food Chemistry, 20, 263-
83. 

Chen, J. S., Wang, S. Y., Deng, Z. Y., Zhang, X. Y., Feng, S. L., Yuan, H. Q., & Tian, J. 
C. (2012). Effects of enzymatic hydrolysis of protein on the pasting properties of 
different types of wheat flour. Journal of Food Science, 77(5), C546–50.  

Chethan, S. & Malleshi, N. (2007). Finger millet polyphenolds: optimization of extraction 
and the effect of pH on their stability. Food Chemistry, 105, 862-70. 

Chung, H.-J., Lim, H. S., & Lim, S.-T. (2006). Effect of partial gelatinization and 
retrogradation on the enzymatic digestion of waxy rice starch. Journal of Cereal 
Science, 43(3), 353–359.  

Collings, P., Williams, C. & Macdonald, I. (1981). Effects of cooking on serum glucose 
and insulin responses to starch. British Medical Journal, 282, 1032 

Crapo, P., Kolterman, O. G., Waldeck, N., Reaven, G. M., & Olefsky, J. M. (1980). 
Postprandial hormonal responses to different types of complex carbohydrate in 
individuals with impaired glucose tolerance. The American Journal of Clinical 
Nutrition, 33(8), 1723–8.  

Crapo, P., Reaven, G. & Olefsky, J. (1977). Postprandial plasma glucose and insulin 
response to different complex carbohydrates. Diabetes,26,1178-83. 

Creatore, M. I., Moineddin, R., Booth, G., Manuel, D. H., DesMeules, M., McDermott, 
S., & Glazier, R. H. (2010). Age- and sex-related prevalence of diabetes mellitus 
among immigrants to Ontario, Canada. CMAJ!: Canadian Medical Association 
Journal 182(8), 781–9.  



 
 

130 

De Wet, J., Rao, K. P., Mengesha, M., Brink, D. 1983. Domestication of mawa millet 
(Echinochloa colona). Society for Economic Botany, 37, 283-291. 

Deshpande, S. S., & Cheryan , M.(1984). Effects of phytic acid, divalent cations, and 
their interactions on alpha-amylase activity. Journal of Food Science, 49, 516- 19. 

Devi, P.B., Vijayabharathi, R., Sathyabama, S., Malleshi, N.G. & Priyadarisini, V.B. 
(2011). Health benefits of finger millet polyphenols and dietary fiber: a review. 
Journal of Food Science and Technology. DOI: 10.1007/s13197-011-0584-9. 

Devittori, C., Gumy, D., Kusy, a., Colarow, L., Bertoli, C., & Lambelet, P. (2000). 
Supercritical fluid extraction of oil from millet bran. Journal of the American Oil 
Chemists’ Society, 77(6), 573–579.  

Dixit, A.A., Azar, K.M.J., Gardner, C.D. & Palaniappen, L.P. (2011). Incorporation of 
whole, ancient grains into a modern Asian Indian diet to reduce the burden of 
chronic diseases. Nutrition Reviews, 69(8), 479-488. 

Dlamini, N. R., Taylor, J. R. N., & Rooney, L. W. (2007). The effect of sorghum type and 
processing on the antioxidant properties of African sorghum-based foods. Food 
Chemistry, 105(4), 1412–1419.  

Dokic, L., Bodroza-Solarov, M., Hadnadjev, M., & Nikolic, I. (2009). Properties of 
extruded snacks supplemented with amaranth grain grits. Acta Periodica 
Technologica, 220(40), 17–24.  

Dykes, L., & Rooney, L.W. (2007). Phenolic compounds in cereal grains and their health 
benefits. Cereal Foods World, 52(3), 105-111. 

Eneche, E. H. (1999). Biscuit-making potential of millet/pigeon pea flour blends. Plant 
Foods for Human Nutrition, 54(1), 21–7.  

Englyst, H. N., Veenstra, J., & Hudson, G. J. (1996). Measurement of rapidly available 
glucose (RAG) in plant foods: a potential in vitro predictor of the glycaemic 
response. The British Journal of Nutrition, 75(3), 327–37.  

Englyst, K. N., Vinoy, S., Englyst, H. N., & Lang, V. (2003). Glycaemic index of cereal 
products explained by their content of rapidly and slowly available glucose. The 
British Journal of Nutrition, 89(3), 329–40.   

Englyst, K.N., Kingman, S.M. & Cummings, J.H. (1992). Classification and 
measurement of nutritionally important starch fractions. European Journal of 
Clinical Nutrition, 46, S33-S50. 

FAO (Food and Agricultural Organization). 2012. Economic and Social Department: The 
Statistical Division 2012. Available from FAO 



 
 

131 

[http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor] Posted 
September 29.2012. 

Farag, Y. M. K., & Gaballa, M. R. (2011). Diabesity: an overview of a rising epidemic. 
Nephrology, Dialysis, Transplantation!: Official Publication of the European Dialysis 
and Transplant Association - European Renal Association, 26(1), 28–35.  

Faraj, A., Vasanthan, T. & Hoover, R. (2004). The effect of extrusion cooking on 
resistant starch formation in waxy and regular barley flours. Food Research 
International, 37(5), 517-25. 

Ferrer-Mairal, a, Peñalva-Lapuente, C., Iglesia, I., Urtasun, L., De Miguel-Etayo, P., 
Remón, S., & Moreno, L. A. (2012). In vitro and in vivo assessment of the glycemic 
index of bakery products: influence of the reformulation of ingredients. European 
Journal of Nutrition, 51(8), 947–54.  

Ferriola, D. & Stone, M. (1998).  Sweetener effects on flaked millet breakfast cereals. 
Journal of Food Science, 63(4), 726-9. 

Fontvieille, A., Rizkalla, S., Penfornis, A., Acosta, M., Bornet, F. & Slama, G. (1992) The 
use of low glycemic index foods improves metabolic control of diabetic patients 
over five weeks. Diabetic Medicine, 9, 1–7. 

 
Foster-Powell, K. & Brand-Miller, J.B. (1995) International tables of glycemic index. 

American Journal of Clinical Nutrition, 62, 871S–890S. 
 
Foster-Powell, K., Holt, S.H. & Brand-Miller, J.B. (2002) International tables of glycemic 

index and glycemic load values: 2002. American Journal of Clinical Nutrition, 76, 5–
56. 

Frost, G. S., Brynes, A.E., Dhillo, W. S., Bloom, S. R., & McBurney, M. I. (2003). The 
effects of fiber enrichment of pasta and fat content on gastric emptying, GLP-1, 
glucose, and insulin responses to a meal. European Journal of Clinical Nutrition, 
57(2), 293–8. 

Fujita, S., Sugimoto, Y., Yamashita, Y. & Fuwa, H. (1996). Physicochemical studies of 
starch from foxtail millet. Food Chemistry, 55, 209-13. 

Fung, T. T., Hu, F. B., Pereira, M. A., Liu, S., Stampfer, M. J., Colditz, G. A., & Willett, 
W. C. (2002). Whole-grain intake and the risk of type 2 diabetes!: a prospective 
study in men. American Journal of Clinical Nutrition, 76, 535-40. 

Galati, G., & O’Brien, P. J. (2004). Potential toxicity of flavonoids and other dietary 
phenolics: significance for their chemopreventive and anticancer properties. Free 
Radical Biology & Medicine, 37(3), 287–303.  



 
 

132 

Geil P.B. & Anderson J.W. (1994). Nutrition and health implications of dry beans: a 
review. Journal of the American College of Nutrition, 13, 549-58. 

Gerstein, H.C., Islam, S., Anand, S., Almahmeed, W., Damasceneo, A., Dans, A., Lang, 
C.C., Luna, M.A., McQueen, M., Rangaraian, S., Rosengren, A., Wang, X. & 
Yusuf, S. (2010). Dysglycaemia and the risk of acute myocardial infraction in 
multiple ethnic groups: an analysis of 15,780 patients from the INTERHEART 
study. Diabetologia, 53, 2509-17. 

Giacco, R., Parillo, M., & Rivellese, A. (2000). Long-term dietary treatment with 
increased amounts of fiber-rich low-glycemic index natural foods improves blood 
glucose control and reduces the number of. Diabetes Care, 23(10), 1461–1466.  

Goni, I., Garcia-Alonso, A., & Saura-Calixto, F. (1997). A starch hydrolysis procedure to 
estimate glycemic index. Nutrition Research, 17, 427-437. 

Grandfedlt, Y., Bjorck, I. & Hagander, B. (1991). On the importance of processing 
conditions, product thickness and egg addition for the glycaemic and hormonal 
responses to pasta: a comparison with bread made from ‘pasta ingredients’. 
European Journal of Clinical Nutrition, 45, 489-99. 

Granfedlt, Y., Bjorck, I, Drews, A. & Tovar, J. (1992). An in vitro procedure based on 
chewing to predict metabolic response to starch in cereal and legume products. 
European Journal of Clinical Nutrition, 46, 649-60.  

Granfedlt, Y., Eliasson, A.C., & Bjorck, I. (2000). An examination of the possibility of 
lowering the glycemic index of oat and barley flakes by minimal processing. Journal 
of Nutrition, 130, 2207-14. 

Green, A., Christian Hirsch, N., & Pramming, S. K. (2003). The changing world 
demography of type 2 diabetes. Diabetes/metabolism Research and Reviews, 
19(1), 3–7.  

Grygorczyk, A. (2012). A novel approach to structure generation for texture 
improvement in soymilk-dairy gel (Doctoral dissertation). Available from The Atrium, 
University of Guelph. (No. 3933). 

Gupta, V., & Nagar, R. (2010). Effect of cooking, fermentation, dehulling and utensils on 
antioxidants present in pearl millet rabadi - a traditional fermented food. Journal of 
Food Science and Technology, 47(1), 73-6. 

Guraya, H.S., Kadan, R.S. & Champagne, E.T. (1997). Effect of rice starch-lipid 
complexes on in vitro digestibility, complexing index and viscosity. Cereal 
Chemistry, 74, 561-5. 



 
 

133 

Gwirtz, J. A, & Garcia-Casal, M. N. (2014). Processing maize flour and corn meal food 
products. Annals of the New York Academy of Sciences, 1312, 66–75.  

Hadimani, N.A., Muralikrishna, G. & Tharanathan, R.N. (2001). Nature of carbohydrates 
and proteins in three pearl millet varieties varying in processing characteristics and 
kernel texture. Journal of Cereal Science, 33(1), 17-25. 

Hager, A.-S., Wolter, A., Czerny, M., Bez, J., Zannini, E., Arendt, E. K., & Czerny, M. 
(2012). Investigation of product quality, sensory profile and ultrastructure of breads 
made from a range of commercial gluten-free flours compared to their wheat 
counterparts. European Food Research and Technology, 235(2), 333–344.  

Hamaker, B.R. & Bugusu, B.A. (2003) Overview: sorghum proteins and food quality. In 
Afripro. Workshop on the Proteins of Sorghum and Millets: Enhancing Nutritional 
and Functional Properties for Africa. Pretoria, South Africa.2-4. 

Hätönen, K. a, Similä, M. E., Virtamo, J. R., Eriksson, J. G., Hannila, M.-L., Sinkko, H. 
K. & Valsta, L. M. (2006). Methodologic considerations in the measurement of 
glycemic index: glycemic response to rye bread, oatmeal porridge, and mashed 
potato. The American Journal of Clinical Nutrition, 84(5), 1055–61.  

Hedge, P.S. & Chandra, T. (2005). ESR spectroscopic study reveals higher free radical 
quenching potential in kodo millet compared to other millets. Food Chemistry 92, 
177-82. 

Hemalatha, S., Platel, K. & Srinivasan, K. (2007). Influence on heat processing on the 
bio accessibility of zinc and iron from cereals and pulses consumed in India. 
Journal of Trace Elements in Medicine and Biology, 21(1), 1-7. 

Henry, C. J. K., Lightowler, H. J., Newens, K. J., & Pata, N. (2008). The influence of 
adding fats of varying saturation on the glycaemic response of white bread. 
International Journal of Food Sciences and Nutrition, 59(1), 61–9.  

Heussen, P. C. M., Janssen, H.-G., Samwel, I. B. M., & van Duynhoven, J. P. M. 
(2007). The use of multivariate modelling of near infra-red spectra to predict the 
butter fat content of spreads. Analytica Chimica Acta, 595(1-2), 176–81. 

Holm, J. & Bjorck, I. (1992). Bioavailabilty of starch in various wheat-based bread and 
extent of in vitro starch digestion. American Journal of Clinical Nutrition, 55, 420-9. 

Holm, J., Bjorck, I., Ostrowska, S. Eliasson, A., Asp, N., Larsson, K. & Lundquist, I. 
(1983). Digestibility of amylose-lipid complexes in-vitro and in-vivo. Starch-starke, 
35, 294-7. 

Holt, S., Brand, J., Soveny, C. & Hansky, J. (1992) Relationship of satiety to 
postprandial glycaemic, insulin, and cholecystokinin responses. Appetite, 18, 129–



 
 

134 

141. 

Howe, G. R., Benito, E., Castelleto, R., Cornée, J., Estève, J., Gallagher, R. P. & Kune, 
G. A. (1992). Dietary intake of fiber and decreased risk of cancers of the colon and 
rectum: evidence from the combined analysis of 13 case-control studies. Journal of 
the National Cancer Institute, 84(24), 1887–96. 

Hu, F. B. (2011). Globalization of diabetes: the role of diet, lifestyle, and genes. 
Diabetes Care, 34(6), 1249–57.  

Jarvi A.E., Karlstrom B.E., Granfeldt Y.E., Bjorck I.E., Asp N.G.L. & Vessby B.O.H. 
(1999). Improved glycemic control and lipid profile and normalized fibrinolytic 
activity on a low-glycemic index diet in type 2 diabetic patients. Diabetes Care, 
22,10-18. 

Jenkins D., Wolever, T., Taylor, H., Barker, H., Fielden, H., Baldwin,J.M., Bowling, A.C., 
Newman, H.C., Jenkins, A.L. & Goff, D.V. (1981) Glycemic index of foods. A 
physiological basis forcarbohydrate exchange. American Journal of Clinical 
Nutrition, 34, 362–366. 

Jenkins, D. J. A., Jenkins, A. L., Josse, R. G., & Wong, G. S. (1984). Nutrition!: The 
Changing Scene. The Lancet, 322, 719-721. 

Jenkins, D. J. A., Kendall, C. W. C., Augustin, L. S. A., Franceschi, S., Hamidi, M., & 
Marchie, A. (2002). Glycemic index!: overview of implications in health and disease. 
American Journal of Clinical Nutrition, 76, 266–273. 

Jenkins, D. J. A., Thorne, M. J., Wolever, M. S., Jenkins, L., & Thompson, U. (1987). 
The effect of starch-protein interaction glycemic response and rate of in vitro 
digestion. American Journal of Clinical Nutrition, 45, 946-51. 

Jenkins, D. J. A., Wolever, T. M. S., Jenkins, A. L., Lee, R., Wong, G. S., & Josse, R. 
(1983). Glycemic response to wheat products: reduced response to pasta but no 
effect of fiber. Diabetes Care 6(2), 155–159. 

Jenkins, D.J.A., Thorne, M., Wolever, T.M.S., Jenkins, A.L., Venketschwer, A. & 
Thompson, L.U. (1987). The effect of starch-protein interaction in wheat on the 
glycemic response and rate of in vitro digestion. American Journal of Clinical 
Nutrition, 45, 946-51. 

Jenkins, D.J.A., Wesson, V., Wolever, T.M.S, Jenkins, A.L., Kalmusky, J., Guidici, S., 
Csima, A., Josse, R.G. & Wong, G.S. (1988). Wholemeal versus wholegrain 
breads-proprtion of whole or cracked grain and the glycemic response. British 
Medical Journal, 297, 958-960. 



 
 

135 

Jideani, V. a., & Danladi, I. M. (2005). Instrumental and Sensory Textural Properties of 
Fura Made from Different Cereal Grains. International Journal of Food Properties, 
8(1), 49–59.  

Jin, Z., Hsiehl, F., & Huff, H. E. (1995). Effects of Soy Fiber , Salt , Sugar and Screw 
Speed on Physical Properties and Microstructure of Corn Meal Extrudate, Journal 
of Cereal Science, 22(12), 185–194. 

Joshipura K.J., Hu, F.B., Manson J.E., Stampfer M.J., Rimm E.B., Speizer F.E., Colditz 
G., Ascherio A., Rosner B., Spiegelman D. & Willett W.C. (2001). The effect of fruit 
and vegetable intake on risk for coronary heart disease. Annals of Internal 
Medicine, 134, 1106-14. 

Jung, E. H., Kim, S. R., Hwang, I. K., & Ha, T. Y. (2007). Hypoglycemic effects of a 
phenolic acid fraction of rice bran and ferulic acid in C57BL/KsJ-db/db mice. 
Journal of Agricultural and Food Chemistry, 55(24), 9800–4. 

Juntunen, K. S., Niskanen, L. K., Liukkonen, K. H., Poutanen, K. S., Holst, J. J., & 
Mykkänen, H. M. (2002). Postprandial glucose, insulin , and incretin responses to 
grain products in healthy subjects. American Journal of Clinical Nutrition, 75, 254–
262. 

Kabir, M, Rizkalla, S.W., Champ, M., Luo, J., Boillot, J., Bruzzo, F. & Slama, G. (1998). 
Dietary amylose-amylopectin starch content affects glucose and lipid metabolism in 
adipocytes of normal and diabetic rats. The Journal of Nutrition, 128, 35-43. 

Kabir, M., Rizkalla, S. W., Champ, M., Luo, J., & Boillot, J. (1998). Biochemical and 
molecular roles of nutrients dietary amylose-amylopectin starch content affects 
glucose and lipid metabolism in adipocytes of normal and diabetic rats. Journal of 
Nutrition, 128, 45-43. 

Kalinova, J. & Moudry, J. (2006). Content and quality of protein in proso millet varieties. 
Plant Foods for Human Nutrition, 61(1), 43-7. 

Kannan, S. (2010). Finger millet in nutrition transition: an infant weaning food ingredient 
with chronic disease prevention potential. British Journal of Nutrition, 104, 1733-4. 

Kasaoka, S., Oh-Hashi, A., Moritam T. & Kiriyama, S. (1999). Nutritional 
characterization of millet protein concentrates produced by a heat-stable alpha-
amylase digestion. Nutrition Research, 19(6), 899-910. 

Kaunitz, C.-H., & City, N. Y. (1977). Symposium!: Lipid Theory of Arteriosclerosis - Pros 
and Cons Chairman- Hans Kaunitz New York AOCS 1977 Annual Meeting New 
York City , New York The Role of Dietary Protein in Hypercholesterolemia and 
Atherosclerosis, 360–365. 



 
 

136 

Kawai, K., Takato, S., Sasaki, T. & Kajiwara, K. (2012). Complex formation, thermal 
properties and in-vitro digestibility of gelatinized potato starch-fatty acid mixtures. 
Food Hydrocolloids, 27, 228-34. 

Kendall, C. W. C., Emam, A., Augustin, L. S. a, & Jenkins, D. J. a. (2004). Resistant 
starches and health. Journal of AOAC International, 87(3), 769–74.  

Khasnis, A. a, & Nettleman, M. D. (2005). Global warming and infectious disease. 
Archives of Medical Research, 36(6), 689–96.  

Kim, J. H., Tanhehco, E. J., & Ng, P. K. W. (2006). Effect of extrusion conditions on 
resistant starch formation from pastry wheat flour. Food Chemistry, 99(4), 718–723.  

Kingman S. (1991). The influence of legume seeds on human plasma lipid 
concentrations. Nutrition Research Reviews, 4, 97–123. 

Ko, J., Ahuja, L. R., Saseendran, S. a., Green, T. R., Ma, L., Nielsen, D. C., & Walthall, 
C. L. (2011). Climate change impacts on dryland cropping systems in the Central 
Great Plains, USA. Climatic Change, 111(2), 445–472. 

Korus, J., Gumuf, D., & Czechowska, K. (2007). Effect of Extrusion on the Phenolic 
Composition and Antioxidant Activity of Dry Beans of Phaseolus vulgaris L. Food 
Technology and Biotechnology, 45(2), 139–146. 

Krajcovicova-Kudlackova, M., Babinska, K., & Valachovicova, M. (2005). Health 
benefits and risks of plant proteins. Bratislavské Lekárske Listy, 106(6-7), 231–4.  

Kreisberg, R. A. (1998). Diabetic dyslipidemia. The American Journal of Cardiology, 
82(12A), 67U–73U; discussion 85U–86U.  

Krishnan, M., & Prabhasankar, P. (2010). Studies on Pasting, Microstructure, Sensory, 
and Nutritional Profile of Pasta Influenced By Sprouted Finger Millet (Eleucina 
Coracana) and Green Banana (Musa Paradisiaca) Flours. Journal of Texture 
Studies, 41(6), 825–841. 

Kumari, P.L.& Sumathi, S. (2002). Effect of consumption of finger millet on 
hyperglycemia in non-insulin dependent diabetes mellitus (NIDDM) subjects. 
Plant Foods For Human Nutrition, 57, 205-213 

Kunyanga, C.N. (2012). Total phenolic content, antioxidant and antidiabetic properties 
of methanolic extract of raw and traditionally processed Kenyan indigenous food 
ingredients. Food Science and Technology, 45(2), 269-75. 

Lakshmi Kumari  P., & Sumathi, S. (2002). Effect of consumption of finger millet on 
hyperglycemia in non-insulin dependent diabetes mellitus (NIDDM) subjects. Plant 
Foods for Human Nutrition, 57(3-4), 205–13. 



 
 

137 

Larsen, T.M., Baak, M. Van, Jebb, S. A., Papadaki, A., Dalskov, M., Pfeiffer, A.F.H, 
Kunesova, M., Pihlsgard, M., Stender, S., Holst, C., Saris, W. & Astrup, A. (2010). 
Diets with high or low Protein content and glycemic index for weight-loss 
maintenance. The New England Journal of Medicine, 363(22), 2102-112. 

Lestienne, I., Buisson, M., Lullien-Pellerin, V., Picq, C. & Treche, S. (2007). Losses on 
nutrients and anti-nutritional factors during abrasive decortication of two pearl millet 
cultivars. Food Chemistry, 100, 1316-23.  

Levy, J.C., Matthews, D.R. & Hermans, M.P. (1998). Correct homeostasis model 
assessment (HOMA) evaluation uses the computer program. Diabetes Care, 
21(12), 2191-2. 

Li, T. Y., Rana, J. S., Manson, J. E., Willett, W. C., Stampfer, M. J., Colditz, G. A., & Hu, 
F. B. (2006). Obesity as compared with physical activity in predicting risk of 
coronary heart disease in women. Circulation, 113(4), 499–506.  

Liljeberg, H.G., Granfeldt, Y. & Bjorck, I. (1992). Metabolic responses to starch in bread 
containing intact kernels versus milled flour. European Journal of Clinical Nutrition, 
46, 561-75. 

Liljeberg, H. G., Akerberg, a K., & Björck, I. M. (1999). Effect of the glycemic index and 
content of indigestible carbohydrates of cereal-based breakfast meals on glucose 
tolerance at lunch in healthy subjects. The American Journal of Clinical Nutrition, 
69(4), 647–55.  

Lin, X., Jones, M.K., Zhao, Z., Lin, G., & O’Connell, T.C. (2012). The earliest evidence 
of millet as a staple crop: New light on Neolithic foodways in North China. American 
Journal of Physical Anthropology, 149, 283-90. 

Lipscombe, L. L., & Hux, J. E. (2007). Trends in diabetes prevalence, incidence, and 
mortality in Ontario, Canada 1995-2005: a population-based study. Lancet, 
369(9563), 750–6.  

Liu, Y., Hsieh, F., Heymann, H. & Huff, H.E. (2000). Effect of process conditions on the 
physical and sensory properties of extruded oat-corn puff. Journal of Food Science, 
65(7), 1253-9. 

Lorenz, K. & Dilsaver, W. (1980). Rheological properties and food applications of proso 
millet flours. Cereal Chemistry, 57(1), 21-24. 

Majzoobi, M., Hedayati, S., Habibi, M., Ghiasi, F., & Farahnaky, A. (2014). Effects of 
Corn Resistant Starch on the Physicochemical Properties of Cake. Journal of 
Agricultural Science and Technology, 16, 569–576. 



 
 

138 

Malleshi, N.G., Desikachar, H.S.R. & Tharanathan, R.N. (1986). Physico-chemical 
properties of native and malted finger millet, pearl millet, and foxtail millet starches.  
Starch, 38 (6), 202-205. 

Mangay, S.A., Pearson, W.N. & Darby, W.J. (1957). Millet (Setaria italica): its amino 
acid and niacin content and supplementary nutritive value for corn (maize). The 
Journal Of Nutrition, 62(3), 377-393. 

Mani, U., Prabhu, S., Damie, S., & Mani, I. (1993). Glycemic index of some commonly 
consumed foods in western India. Asia Pacific Journal of Clinical Nutrition, 2, 111-
114. 

Manning, K., Pelling, R., Higham, T., Schwenniger, J.-L. & Fuller, D. Q. (2011). 4500-
Year old domesticated pearl millet (Pennisetum glaucum) from the Tilemsi Valley, 
Mali: new insights into an alternative cereal domestication pathway. Journal of 
Archaeological Science, 38(2), 312–322.  

Marques C., D’Auria, L., Cani, P.D., Baccelli, C., Rozenberg, R, Ruibal-Mendieta, N.L., 
Petitjean, G., Delacroix, D.L., Quetin-Leclercq, J., Habib-Jiwan, J., Meurens, M. & 
Delzenne, N.M. (2007). Comparison of glycemic index of spelt and wheat bread in 
human volunteers. Food Chemistry, 100, 1265-71. 

Matuschek, E., Towo, E., & Svanberg, U. (2001). Oxidation of polyphenols in phytate-
reduced high-tannin cereals: effect on different phenolic groups and on in vitro 
accessible iron. Journal of Agricultural and Food Chemistry, 49(11), 5630–8.  

Mbithi-Mqikya, S.  Van Camp, J., Yiru, Y. & Huyghebaert, A. (2000). Nutrient and 
antinutrient changes in finger millet during sprouting, Food Science and 
Technology, 3, 9-14. 

McKeown, N. M., Meigs, J. B., Liu, S., Saltzman, E., Wilson, P. W. F., & Jacques, P. F. 
(2004). Carbohydrate nutrition, insulin resistance, and the prevalence of the 
metabolic syndrome in the Framingham Offspring Cohort. Diabetes Care, 27(2), 
538–46.  

Mohan, B., Gopal, A., Malleshi, N. & Tharanathan, R. 2005. Characteristics of native 
and enzymatically hydrolyzed ragi and rice starches. Carbohydrate Polymers, 59, 
43-50. 

Muller, H. G. (1970). Traditional cereal processing in Nigeria and Ghana. Ghana Journal 
of Agricultural Science, 3, 187-95. 

Mustafa, A.F., Seguin, P., Belair, G. & Kumar, A. (2008). Chemical composition and 
ruminal degradability of grain pearl millet grown in southwestern Quebec. Canadian 
Journal of Animal Science, 88(1), 71-77. 



 
 

139 

Nantanga, K. K. M., Seetharaman, K., Kock, H. L. De, & Taylor, J. R. N. (2008). 
Thermal treatments to partially pre-cook and improve the shelf-life of whole pearl 
millet flour. Journal of the Science of Food and Agriculture, 88, 1892–1899.  

Niba, L. L. (2003). Processing effects on susceptibility of starch to digestion in some 
dietary starch sources. International Journal of Food Science and Nutrition, 54, 97-
109. 

Obatolu, V. a. (2002). Nutrient and sensory qualities of extruded malted or unmalted 
millet/soybean mixture. Food Chemistry, 76(2), 129–133. 

Onyango, C., Henle, T., Ziems, A., Hofmann, T., & Bley, T. (2004). Effect of extrusion 
variables on fermented maize–finger millet blend in the production of uji. LWT - 
Food Science and Technology, 37(4), 409–415.  

Oshodi, A., Ogungbenie, H. & Oladimji, M. (1999). Chemical composition, nutritionally 
valuable minerals and functional properties of benniseed, pearl millet, quinoa. 
International Journal of Food Science and Nutrition, 50(5), 325-31. 

Pagano, A.E. (2006). Whole grains and the gluten free diet. Practical Gastroenterology, 
30, 66-78. 

Parada, J., & Aguilera, J. M. (2009). In vitro digestibility and glycemic response of 
potato starch is related to granule size and degree of gelatinization. Journal of Food 
Science, 74(1), E34–8. 

Parchure, A. A, & Kulkarni, P. R. (1997). Effect of food processing treatments on 
generation of resistant starch. International Journal of Food Sciences and Nutrition, 
48(4), 257–60.  

Parry, M., Rosenzweig, C., Iglesias, a, Livermore, M., & Fischer, G. (2004). Effects of 
climate change on global food production under SRES emissions and socio-
economic scenarios. Global Environmental Change, 14(1), 53–67.  

Pathak, P., Srivastava, S., & Grover, S. (2000). Development of food products based on 
millets, legumes and fenugreek seeds and their suitability in the diabetic diet. 
International Journal of Food Sciences and Nutrition, 51(5), 409–14.  

Pelletier, C., Dai, S., Roberts, K. C., Bienek, a, Onysko, J., & Pelletier, L. (2012). Report 
summary. Diabetes in Canada: facts and figures from a public health perspective. 
Chronic Diseases and Injuries in Canada, 33(1), 53–4.  

Perrin, L., Symoneaux, R., Maitre, I., Asselin, C., Jourjon, F. & Pages, J. (2008). 
Comparison of three sensory methods for use with the napping® procedure: Case 
of ten wines from loire valley. Food Quality and Preferences, 19(1), 1-11. 



 
 

140 

Pore, M. & Magar, N. (1976). Effect of ragi feeding on serum cholesterol level. Indian 
Journal of Medical Research, 64, 909-14. 

Ragaee, S. Abdelaal, E. & Noaman, M. (2006). Antioxidant activity and nutrient 
composition of selected cereals for food use. Food Chemistry, 98(1), 32-38. 

Ragaee, S., Guzar, I., Abdel-Aal, E.M. & Seetharaman, K. (2012). Bioactive 
components and antioxidant capacity of Ontario hard and soft wheat varieties. 
Canadian Journal of Plant Science, 92(1), 19-30. 

Rajasekaran, N., Nithya, M., Rose, C., & Chnadra, T. (2004). The effect of finger millet 
feeding on the early responses during the process of wound healing in diabetic 
rats. Biochimica Et Biophysica Acia (BBA)-Molecular Basis of Disease, 1689, 190-
201. 

Ramanathan, M.K. & Gopalan, C. (1957). Effect of different cereals in blood sugar 
levels. Indian Journal of Medical Research 45(2), 255-62. 

Ramdath, D. D., Padhi, E., Hawke, A., Sivaramalingam, T., & Tsao, R. (2014). The 
glycemic index of pigmented potatoes is related to their polyphenol content. Food & 
function, 5(5), 909–15.  

Ranum, P., Peña-Rosas, J. P., & Garcia-Casal, M. N. (2014). Global maize production, 
utilization, and consumption. Annals of the New York Academy of Sciences, 1312, 
105–12.  

Rathi, A., Kawatra, A., Schgal & Housewright, B. (2003). Influence of depigmentation of 
pearl millet on sensory attributes, nutrient composition and in vitro digestibility of 
biscuits. Swiss society of Food Science and Technology, 37, 187-92. 

Ravindran, G. (1991). Studies on millets: Proximate composition, mineral composition, 
phytate and oxalate contents. Food Chemistry, 39, 99-107. 

Riccardl, G., & Rivellese, A. A. (1991). Effects of dietary fibre and carbohydrate on 
glucose and lipoprotein metabolism in diabetic patients, Diabetes Care 14, 1115–
1125. 

Rissanen, T.H., Voutllanien, S., Virtanen, J.K., Venho, B., Vanharanta, M., Mursu, L. & 
Salonen, J.T. (2003). Low intake of fruits, berries and vegetables is associated 
with excess mortality in men: The Kuopio Ischaemic Heart Disease Risk Factor 
(KIHD) Study. Journal of Nutrition, 133, 199-204. 

Rizkalla, S. W., Bellisle, F., & Slama, G. (2002). Health benefits of low glycaemic index 
foods, such as pulses, in diabetic patients and healthy individuals. The British 
Journal of Nutrition, 88 Suppl 3, S255–62. 



 
 

141 

Roopa, S., & Premavalli, K. S. (2008). Effect of processing on starch fractions in 
different varieties of finger millet. Food Chemistry, 106, 875–82.  

Rose, M. L., Madren, J., Bunzendahl, H., & Thurman, R. G. (1999). Dietary glycine 
inhibits the growth of B16 melanoma tumors in mice. Carcinogenesis, 20(5), 793–8.  

Ross, W., Brand, C., & Thorburn, W. (1987). Glycemic index of processed wheat 
products. American Journal of Clinical Nutrition, 46, 631-5. 

Sajilata, M.G., Singhai, R.S. & Kulkarni, P.R. (2006). Resistant starch-a review. 
Comprehensive Reviews in Food Science and Food Safety, 5, 1-17. 

Semasaka, C., Kong, X., & Hua, Y. (2010). Optimization of Extrusion on Blend Flour 
Composed of Corn, Millet and Soybean, Pakistan Journal of Nutrition, 9(3), 291–
297. 

Seneviratne, H.D. & Billaderis, C.G. (1991). Action of alpha-amylase on amylose-lipid 
complex superstructures, Journal of Cereal Science,13,129-43. 

Shar, G. Q., Shar, L. A., Makhija, P. M., & Sahito, S. B. (2012). Evaluation of eleven 
macro and micro elements present in various hybrids of millet (pennisetum 
glaucum  or p. americanum ). Pakistan Journal of Analytical and Environmental 
Chemistry,13(1), 78–84. 

Shaw, J. E., Sicree, R. a, & Zimmet, P. Z. (2010). Global estimates of the prevalence of 
diabetes for 2010 and 2030. Diabetes Research and Clinical Practice, 87(1), 4–14.  

Shevkani, K., Kaur, A., Singh, G., Singh, B., & Singh, N. (2013). Composition, 
Rheological and Extrusion Behaviour of Fractions Produced by Three Successive 
Reduction Dry Milling of Corn. Food and Bioprocess Technology, 7(5), 1414–1423.  

Shih, M.-C., Kuo, C.-C., & Chiang, W. (2009). Effects of drying and extrusion on colour, 
chemical composition, antioxidant activities and mitogenic response of spleen 
lymphocytes of sweet potatoes. Food Chemistry, 117(1), 114–121.  

Shimray, C. a., Gupta, S., & Venkateswara Rao, G. (2012). Effect of native and 
germinated finger millet flour on rheological and sensory characteristics of biscuits. 
International Journal of Food Science & Technology, 47(11), 2413–2420.  

Shin, S. I., Kim, H. J., Ha, H. J., Lee, S. H., & Moon, T. W. (2005). Effect of 
hydrothermal treatment on formation and structural characteristics of slowly 
digestible non-pasted granular sweet potato starch. Starch, 57(9), 421–430.  

Shobana, S., & Malleshi, N. G. (2007). Preparation and functional properties of 
decorticated finger millet (Eleusine coracana). Journal of Food Engineering, 79(2), 
529–538.   



 
 

142 

Shobana, S., Sreerama, Y. N., & Malleshi, N. G. (2009). Composition and enzyme 
inhibitory properties of finger millet (Eleusine coracana L.) seed coat phenolics: 
Mode of inhibition of α-glucosidase and pancreatic amylase. Food Chemistry, 
115(4), 1268–1273.  

Shobana, Shanmugam, Harsha, M. R., Platel, K., Srinivasan, K., & Malleshi, N. G. 
(2010). Amelioration of hyperglycaemia and its associated complications by finger 
millet ( Eleusine coracana L.) seed coat matter in streptozotocin-induced diabetic 
rats. The British Journal of Nutrition, 104(12), 1787–95.  

Shobana, Shanmugam, Kumari, S. R. U., Malleshi, N. G., & Ali, S. Z. (2007). Glycemic 
response of rice, wheat and finger millet based diabetic food formulations in 
normoglycemic subjects. International Journal of Food Sciences and Nutrition, 
58(5), 363–72.  

Shukla, K., & Srivastava, S. (2014). Evaluation of finger millet incorporated noodles for 
nutritive value and glycemic index. Journal of Food Science and Technology, 51(3), 
527–34.  

Singh, J., Dartois, A., & Kaur, L. (2010). Starch digestibility in food matrix: a review. 
Trends in Food Science & Technology, 21(4), 168–180.  

Singh, K. P., Mishra, A., & Mishra, H. N. (2012). Fuzzy analysis of sensory attributes of 
bread prepared from millet-based composite flours. LWT - Food Science and 
Technology, 48(2), 276–282.  

Singh, S., Gamlath, S., & Wakeling, L. (2007). Nutritional aspects of food extrusion: a 
review. International Journal of Food Science & Technology, 42(8), 916–929.  

Slavin, J. (2003). Why whole grains are protective: biological mechanisms. The 
Proceedings of the Nutrition Society, 62(1), 129–34.  

Spaethe R, Brinck UC, Sabin J, Wubbens K & Otto H. (1972). Exchange of 
carbohydrates, following the principle of biological equivalents, in the diabetic diet. 
Journe´es Annuelles de Diabe´tologie de l’Hoˆtel-Dieu, 13, 253–259. 

Stapf, B., & Grain, E. C. H. (1972). Chemical composition and nutritive value of pearl 
millet (pennisetum typhoides (burm.) stapf and e.c. hubbard) grain. Crop Science, 
12, 187–188. 

Statistics Canada: http://www.hc-sc.gc.ca/dc-ma/diabete/index e.html, Accessed 
November 2013. 

Stojceska, V., Ainsworth, P., Plunkett, A., "bano#lu, E., & "bano#lu, $. (2008). 
Cauliflower by-products as a new source of dietary fibre, antioxidants and proteins 
in cereal based ready-to-eat expanded snacks. Journal of Food Engineering, 87(4),  



 
 

143 

Stunkard, A.J. & Messick, S. (1985). The three-factor eating questionnaire to measure 
dietary restraint distribution and hunger. Journal of Psychosomatic Research, 
29(1), 71-83. 

Subba Rao, M.V.S.S.T. & Muralikrishna, G.(2001). Non-starch polysaccharides and 
bound phenolic acids from native and malted finger millet. Food Chemistry, 72,187-
92 

Svihus, B., Uhlen, a. K., & Harstad, O. M. (2005). Effect of starch granule structure, 
associated components and processing on nutritive value of cereal starch: A 
review. Animal Feed Science and Technology, 122(3-4), 303–320.  

Symons, L.J. & Brennan, C.S.(2004). The effect of barley beta-glucan fiber fractons on 
starch gelatinization and pasting characteristics.  Food Chemistry and Toxicology, 
69(4), 257-61. 

Tester, R. F., & Morrison, W. R. (1990). Swelling and Gelatinization of Cereal Starches . 
I . Effects of Amylopectin, Amylose, and Lipids. Cereal Chemistry, 67(6), 551-7. 

Thathola, A., Srivastava, S. & Singh, G. (2010). Effect of foxtail millet (Setaria Italica)   
supplementation on serum glucose, serum lipids and glycosylated hemoglobin in 
type 2 diabetics. Diabetologia Croatica, 40(1), 23-8. 

The Diabetes Control and Complications Trial Research Group. (1993). The effect 
of intensive treatment of diabetes on the development and progression of 
long-term complications in insulin-dependent diabetes mellitus. The New 
England Journal of Medicine 329, 977-986. 

The Diabetes Prevention Program Research Group. (2002). The diabetes 
prevention program (DPP). Diabetes Care, 25(12), 2165-71. 

Thompson, L. U., & Yoon, J. H. (1984). Starch digestibility as affected by polyphenols 
and phytic acid. Journal of Food Science, 49,1228-29. 

Thorne, M. J., Thompson, L. U., & Jenkins, D. J. (1983). Factors affecting starch 
digestibility and the glycemic response with special reference to legumes. The 
American Journal of Clinical Nutrition, 38(3), 481–8.  

Tovey, F., Jayaraj, A.P. and Clark, C. (1975). The possibility of dietary protective 
factors in duodenal ulcer. Postgrad Medical Journal, 51, 366-372. 

 

Tudorica C.M., Kuri, V. & Brennan, C.S. (2002). Nutritional and physicochemical 



 
 

144 

characteristics of dietary fibre enriched pasta. Journal of Agricultural and Food 
Chemistry, 50, 347-356. 

 
Ugare, R., Chimmad, B., Naik, R., Bharati, P & Itagi, S. (2011). Glycemic index and 

significance of barnyard millet (Echinochloa frumentacae) in type II diabetics. 
Journal of Food Science and Technology, (10.1007/s13197-011-0516-8) 

United States Department of Agriculture. http://www.ers.usda.gov/topics/in-the-news/us-
drought-2012-farm-and-food-impacts.aspx#.U9adcIBdUX4. Accessed July 2014. 

Unlu, F., & Faller, J.F. (1998). Formation of resistant starch by a twin extruder. 
Cereal Chemistry, 75, 346-50. 

Urooj, A., Rupashri, K. & Puttaraj, S. 2006. Glycaemic responses to finger millet based 
Indian preparations in non-insulin dependent diabetic and healthy subjects. Journal 
of Food Science and Technology, 43, 620-625. 

Vaaler, S. Hanssen, K.F. & Aagences, O. (1984). The effect of cooking upon the blood 
glucose response to ingested carrots and potatoes. Diabetes Care, 7, 221-3. 

Vera, G., Pak, N., Araya, H., Contreras, P., & Alvin, M. (2002). A comparison between 
an in vitro method to determine carbohydrate digestion rate and the glycemic 
response in young men. European Journal of Clinical Nutrition, 56 (8), 735–739. 

Vijayakumar, T.P., Mohankumarb, J.B., & Srinivasan, T. (2010). Quality evaluation of 
noodles from millet flour blend incorporated composite flour. Journal of Scientific & 
Industrial Research 69, 48-54. 

Wheeler, P., Peterson, D. W., & Michaels, G. D. (1959). Fatty acid distribution in egg 
yolk as influenced by type and level of dietary fat. The Journal of Nutrition, 69, 253–
60.  

Whelton, S. P., Hyre, A. D., Pedersen, B., Yi, Y., Whelton, P. K., & He, J. (2005). Effect 
of dietary fiber intake on blood pressure: a meta-analysis of randomized, controlled 
clinical trials. Journal of Hypertension, 23(3), 475–81. 

Wolever, T. M., Jenkins, D. J., Jenkins, a L., & Josse, R. G. (1991). The glycemic index: 
methodology and clinical implications. The American Journal of Clinical Nutrition, 
54(5), 846–54.  

Wolk, A, Manson, J. E., Stampfer, M. J., Colditz, G. a, Hu, F. B., Speizer, F. E., % 
Willett, W. C. (1999). Long-term intake of dietary fiber and decreased risk of 
coronary heart disease among women. The Journal of the American Medical 
Association, 281(21), 1998–2004.  



 
 

145 

World Health Organization (1998) World Health Report Life in the 21st century: A vision 
for all Report of the Director-General. 

Yang, S. H., Dou, K. F., & Song, W. J. (2010). Prevalence of diabetes among men and 
women in China. The New England Journal of Medicine, 362(25), 2425–6; author 
reply 2426.  

Yang, X., Wan, Z., Perry, L., Lu, H., Wang, Q., Zhao, C., Li, J., Xie, F., Yu, J. & Cui, T. 
(2012). Early millet use In Northern China. Proceedings of the National Academy of 
Sciences, 109, 3726-3730. 

Yoon, H., & Thompson, U. (1983). The effect of phytic acid on in vitro rate of starch 
digestibility and blood glucose response. The American Journal of Clinical Nutrition, 
13, 835–42. 

Yoon, K.-H., Lee, J.-H., Kim, J.-W., Cho, J. H., Choi, Y.-H., Ko, S., Son, H.-Y. (2006). 
Epidemic obesity and type 2 diabetes in Asia. Lancet, 368(9548), 1681–8.  

Young, V.R. & Pellett, P.L.(1994). Plant proteins in relation to human and amino acid 
nutrition. American Journal of Clinical Nutrition, 59(S), 1203S-12S. 

Zhang, G., & Hamaker, B. R. (2009). Slowly digestible starch: concept, mechanism, and 
proposed extended glycemic index. Critical reviews in food science and nutrition, 
49(10), 852–67.  

Zieli&ski, H., Michalska, A., Pisku'a, M. K., & Koz'owska, H. (2006). Antioxidants in 
thermally treated buckwheat groats. Molecular Nutrition & Food Research, 50(9), 
824–32.  

 

  



 
 

146 

APPENDICES 

APPENDIX A: Recipes for refined proso millet/corn products 

A.1: List of recipes for all products 

Biscuits 

• 2 cups of millet or corn flour (248 grams) 
• 2 ( tsp Baking Powder 
• 1 Egg 
• 3 tbs Unsalted Butter 
• ) salt 
• 1 cup Skim Milk 

 
1. Mix flour, salt, baking powder. 
2. Add egg, melted butter and milk and mix. 
3. Bake at 425 for 15 minutes 

 

Porridge  

• 51.4 g corn flour OR 58.1 g millet flour (1/3 cup flour)  
• 430 mls water (1 * cup) 

 
1. Bring water and millet/corn flour to a boil. 
2. Reduce heat to low, let simmer covered for 25 minutes without stirring. 
3. Remove from heat. 

Couscous  

• 250 mL water (1 cup) 
• 90 g corn couscous OR millet couscous (( cup) 

 
1. Bring one cup of water to a boil 
2. Add a ( cup of couscous and bring the water back to a boil (Basically happens 

immediately). 
3. Turn the burner down to low and keep it there for 15 minutes (Keep the lid on the pot). 
4. Remove it from the burner, fluff with a fork and then keep the pot covered for 15 minutes 

Whole Grain Millet Couscous 

• 250 g water (1 cup) 
• 85 g whole grain millet couscous 

 
1. Bring 1 cup of water to boil. 
2. Add 85 g whole grain millet and stir. 
3. Let water and millet boil for 14 minutes (lid covering pot, slightly off to the side for steam 

to escape), stirring every minute. 
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4. Turn off the burner and cover pot for 2 minutes. 
5. Then stir and serve. 
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APPENDIX B: Forms and questionnaires for human glycemic index study 

B.1: Recruitment materials 
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B.2: Participant eligibility phone questionnaire 

STUDY: Millet Products Study - Investigation of glycemic index and satiety 

Name of study coordinator: _______________________ Date: _______________ 
Time:________ 

 

Name of caller: _______________________ Gender: _______________   

  

Phone #: _______________ Email: ____________________ Best way to get in touch: = 

 

1. How did you hear about the study? _______________________ 
 

2. How old are you? __________ 
 

3. How tall are you? ___________    
 

4. How much do you weigh? ________       BMI __________     
     

5. Do you smoke?   YES       NO 
 

6. Have you ever been diagnosed with diabetes or told you are pre-diabetic? YES NO 
 

7. Do you suffer from hypoglycemia (i.e. low blood sugar levels)?    YES NO 
 

8. Are you currently taking any medications?      YES NO 
If YES, what are they? ___________________________________________ 

9. Do you have any medical conditions?       YES NO 
a. If YES, please describe ___________________________________________ 
b.  

10. Do you have any food allergies?        YES NO 
a. If YES, please describe ___________________________________________ 

 

11. Are you allergic to gluten or cereal grain products?     YES NO 
 

12. Are you gluten intolerant?         YES NO 
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13. Are you aware of millet and what it is?      YES NO 

 
14. Do you know of any foods containing millets? Please 

describe:___________________________________________________________________ 
 

 
15. Do you consume food containing millets?      YES NO 

 

16. This study involves consuming millet products. Do you have any concerns about this? YES
 NO 

a. If YES, please expand? ___________________________________________ 
 

17. Do you regularly consume foods with millets in them?    YES NO 
a. Would you be comfortable consuming millet as part of the study? YES NO 

 

18. Are you comfortable providing blood samples?     YES NO 
 

19. The study visits require participants to fast for 12 – 14 hours, overnight. Would you be 
comfortable with this?           
 YES NO 

 

20. As part of this study you will be required to visit the University of Guelph for approximately 3 
hours on 12 different occasions. The visits will begin between 7:30 - 8:30 a.m. and occur 
roughly every couple of weeks. Can your schedule accommodate these visits?   
 YES NO 

 

If caller meets the study eligibility requirements, describe the study to them and answer any 
questions they have.  If they are still interested in the study, set up a screening visit where they 
will fill out a more detailed questionnaire, complete the oral glucose tolerance test and learn 
more about the study.  Arrange to send potential participant a map to the HNRU and provide 
information about obtaining a study parking pass.  Also ask caller if they have any friends who 
might be interested in the study. 

 

Screening Visit Scheduled For:    Date: ________________ Time: _____________ 
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B.3: Screening visit informed consent form 

UNIVERSITY OF GUELPH LETTERHEAD HERE 

 

FOOTNOTE TO BE INSERTED ON EACH PAGE OF CONSENT DOCUMENT AT TIME OF 
PRINTING. Screening Consent Document: Millet Products Study - Investigation of glycemic 
index and satiety 

Date:    Participant Initials:  

  

CONSENT TO PARTICIPATE IN RESEARCH 

 

Millet Products Study - Investigation of glycemic index and satiety 

 

You are asked to participate in a screening visit for a research study conducted by student Matt 
McSweeney, student Agota Ferenc, Professor Amanda Wright from the Department of Human 
Health & Nutritional Sciences, Professor Lisa Duizer from the Department of Food Science at 
the University of Guelph and HNRU Manager Amy Tucker. Results of this study will contribute 
towards a PhD thesis for Matt McSweeney. This research is sponsored by the Ontario Ministry 
of Agriculture, Food and Rural Affairs and Bunge North America. 

 

If you have any questions or concerns about the research, please feel free to contact the study 
personnel at any time: 

 

1. Study Coordinator: Matt McSweeney, B.Sc. (Ph.D. graduate student) at 519-824-4120 
x58660, mmcsween@uoguelph.ca  

2. Study Coordinator: Agota Ferenc, B.Sc.H. (MSc graduate student) at 519-824-4120 x56314, 
aferenc@uoguelph.ca  

3. Study Principal Investigator: Professor Amanda Wright, Ph.D. at 519-824-4120 x54697, 
ajwright@uoguelph.ca 

4. Study Faculty Co-Investigator: Professor Lisa Duizer, Ph.D. at 519-824-4120 x53410, 
lduizer@uoguelph.ca 

5. HNRU Manager: Amy Tucker, Ph.D. at 519-824-4120 x53749, aborland@uoguelph.ca  
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PURPOSE OF THE SCREENING VISIT 

 

The purpose of the screening visit is to determine your eligibility to participate in the study. The 
study will examine the effects of food products incorporating millet and how they affect glycemic 
response and satiety in 12 healthy males. Therefore, participants must have normal fasting 
glucose and insulin levels as well as a normal glucose response to foods, indicated by an oral 
glucose tolerance test. Body measurements will also to be taken to ensure you are qualified to 
participate in the trial. 

 

PROCEDURES 
This screening visit will occur at the Human Nutraceutical Research Unit (HNRU) in room 142 of 
the Food Science-Guelph Food Technology Centre Building, 88 McGilvray at the University of 
Guelph. At this screening visit you will complete a detailed questionnaire, have your height, 
weight and blood pressure taken by a study coordinator, and complete an oral glucose 
tolerance test. If you have any questions, please feel free to ask one of the study coordinators. 

 

If you volunteer to participate in this screening visit, we would ask you to do the following things: 

 

PRIOR TO THE SCREENING VISIT:  It is critical that you fast for 12-14 hours prior to your 
screening visit and that you arrive for the visit fasted. During the fast, you should drink water, 
but should not consume any other drinks or any foods. We also ask that you avoid drinking 
alcohol and participating in strenuous exercise for 48 hours before your screening visit. 

 

DURING THE SCREENING VISIT: The following describes the activities associated with the 
screening visit:  

 

When you arrive at the HNRU, one of the study coordinators will welcome you at the main 
entrance. If you drove to the university, a study coordinator will offer you a University of Guelph 
parking pass to hang in your vehicle for the duration of your visit.  

 

The study coordinator will then go through a questionnaire, similar to the one you completed 
over the phone, but with more detail. The study coordinator will also measure your height, 
weight and blood pressure, in private. If you are still deemed eligible to participate in the study, 
the study coordinator will invite you to take the oral glucose tolerance test (OGTT).  
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The OGTT is a standard tool used to assess sugar metabolism. If you choose to take the test, a 
qualified and experienced technician will draw a sample (11 mL) of your blood. You will then be 
given a sugar beverage (75 g glucose solution) to drink in 5 minutes. For the next 2 hours you 
will remain seated in the HNRU with the study coordinator, watching television, reading 
magazines or doing your own work. The study coordinator will also use this time to describe the 
study in more detail and to provide you with the Study Informed Consent Document which will 
be signed at a subsequent visit, should you be eligible and interested in participating in the 
study.  

 

Two hours after your first blood sample, the technician will draw a second 11 mL of blood. The 
study coordinator will then provide you with some refreshments, which you will eat before 
leaving the HNRU. You will also be given a $20 gift card to a local coffee retailer or the Stone 
Road Mall to thank you for your time and effort. The study coordinator will see you out and, if 
you borrowed a parking pass, retrieve this from you. 

 

AFTER THE SCREENING VISIT: Following your screening visit, your blood samples will be 
analyzed for glucose and insulin by an independent medical laboratory. The study coordinator 
will then discuss the results of your OGTT and questionnaire with the study’s principal 
investigator to determine your eligibility. The process of getting your results back could take up 
to 5 days. Therefore, the study coordinator will contact you within one week of your screening 
visit.  

 

If you meet the eligibility requirements, you will be invited to participate in the study. The study 
coordinator will answer any questions you might have, arrange for you to sign the Study 
Informed Consent Document, ask you to complete your three day food diary and schedule your 
first study visit.  Please note that the results from your screening visit should not be used for 
diagnostic purposes. If you are concerned about your results you should seek the advice of a 
physician.  

 

 
POTENTIAL RISKS AND DISCOMFORTS 
 

There are minimal risks associated with participation in this screening visit. The following 
summarizes the potential risks: 

• During the visit, the study coordinator will ask if they can take your body measurements, 
including height, weight and blood pressure. You may experience discomfort during this 
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process but steps will be taken to minimize this. These measurements will be taken in a 
closed off room with only the study coordinator present to ensure your privacy and 
comfort. 

• During the visit, two separate blood draws will occur from your arm by a trained 
technician. There is a chance that this process could cause you some slight discomfort 
as the needle is inserted and with any needle there may be some minimal bruising 
afterwards. These risks and potential discomforts from the blood draws will be managed 
by having a qualified and experienced technician taking your blood. In addition, 
consuming plenty of water the night before and the morning of can facilitate blood 
sampling. 

 
 POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

You will benefit from participating in this screening process by gaining the experience as a study 
participant, through the compensation you will receive and also because of the summary you 
will receive about the oral glucose tolerance test. 

 

Your potential involvement in the study will lead to results that will provide valuable insights into 
millet products and glycemic response and satiety. This information may lead to the 
development of dietary strategies that could improve human health, particularly as it relates to 
foods, which decrease the risk or aid in the management of type II diabetes. 

 

PAYMENT FOR PARTICIPATION 
 

You will be compensated for your time and effort with a $20 gift certificate to a local coffee 
retailer or to the Stone Road Mall upon completion of the oral glucose tolerance test. 

 

CONFIDENTIALITY 

 
Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. All participants will be assigned a number, and a 
study code will be used. Your name will never be used in communicating results of the 
study. Records will be kept on an encrypted computer and/or in a locked file cabinet in a 
locked office. All data will be kept indefinitely. In following these guidelines, participants’ 
confidentiality will be maintained to the best of our ability. The investigator’s institution 
will permit trial-related monitoring, audits, REB review, and regulatory inspection(s), 
providing direct access to source data/documents as required. Results from the study 
may be published, but will be presented as group data.  
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PARTICIPATION AND WITHDRAWAL 
 

You can choose whether to be in this study or not.  Even if you meet the requirements for taking 
part in this study, your participation is not obligatory and you may chose not to participate. If you 
volunteer to be in this study, you may withdraw at any time without consequences of any kind. 
You may also refuse to answer any questions you don’t want to answer and still remain in the 
study. If information becomes available that may be relevant to your willingness to continue 
participating in the trial, you will be informed in a timely manner. The investigator may withdraw 
you from this research if circumstances arise that warrant doing so.  

 
RIGHTS OF RESEARCH PARTICIPANTS 
 

You may withdraw your consent at any time and discontinue participation without penalty.  You 
are not waiving any legal claims, rights or remedies because of your participation in this 
research study.  This study has been reviewed and received ethics clearance through the 
University of Guelph Research Ethics Board.   If you have questions regarding your rights as a 
research participant, contact: 

 

Research Ethics Coordinator  Telephone: (519) 824-4120, ext. 56606 

University of Guelph   E-mail: sauld@uoguelph.ca 

437 University Centre   Fax: (519) 821-5236 

Guelph, ON   N1G 2W1 

 
 
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 

I have read the information provided for the screening visit for the study “Millet Products Study - 
Investigation of glycemic index and satiety” as described herein. My questions have been 
answered to my satisfaction, and I agree to participate in this study.  I have been given a copy 
of this form. 

  

Name of Participant: ____________________________ 

(please print) 
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Signature of Participant: _________________________    Date: _______________ 

 
 
SIGNATURE OF WITNESS 
 

Name of Witness: ____________________________ 

(please print) 

 

Signature of Witness: _________________________      Date: ________________ 
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B.4: Participant in person eligibility questionnaire 

Study: Millet Products Study - Investigation of glycemic index and satiety 

 

Name of study coordinator: ______________________Date: _____________  

Time: _____ 

 

Name of potential participant: ___________________________     

Phone:   Home: ______________ Work: _____________ Email: 
___________________ 
 
Best way to communicate: ____________ Date of Birth: _____________ 
(dd/mm/yyyy) 
Thank you very much for your interest in this study. The purpose of this questionnaire is to 
gather more information about you as a participant in this study and to ensure your safety as a 
participant. Please feel free to not answer any questions you are uncomfortable with answering. 
Please feel free to ask the study coordinator any questions you might have. 

 

Body Weight and Height Measurements: 

1. The study coordinator will measure your body weight, height and blood pressure. 
 

 

 

Body Weight: ___________  Height: __________ BMI: _________ 

 

Blood pressure reading 1:  ________  Blood pressure reading 2:  ___________  

 (Take at beginning of visit)   (Take upon completion of questionnaire)  
    

Health-Related Questions: 

2. How would you describe your general health?  
POOR  GOOD  VERY GOOD  EXCELLENT  

3. Do you currently smoke?       YES NO 
a. If no, have you ever smoked?     YES NO 
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b. How long ago did you quit? _________________________ 
 

4. Have you ever been diagnosed with diabetes or told you are pre-diabetic? Or do you have 
any familial history of Type 1 or 2 Diabetes?     YES NO 

 

5. Do you have any medical conditions?      YES NO 
a. If YES, what are they? _________________________________ 

 

6. Are you on any medications?       YES NO 
a. If YES, what are they? _____________________________ 

 

7. Are you allergic to cereal grain products (cereal, pancakes, bread)?   YES NO 
8.  
9. How much fibre would you estimate you eat each day? Please approximate an amount. 

 None Very Little Little  Typical   Large   Very Large   

10. Do you suffer from any gastrointestinal illnesses such as lactose intolerance, irritable 
bowel syndrome or celiac disease?      YES NO 

a. If YES, please expand_____________________________ 
 

11. Are there any mental or physical health issues we should be aware of?  
YES NO 

a. If YES, please expand ______________________________ 
 

12. Are you in the process of gaining or losing weight?    YES NO 
a. Would you be comfortable with maintaining your body weight for the duration of 

this study?       YES NO 
b.  

13. Would you be comfortable consuming millet products (i.e. porridge, biscuit, extruded 
snack, couscous)?          YES
 NO 

 

14. Do you avoid consuming foods with millets or corn?     YES NO 
a. If YES, please explain  ______________________________ 

 

15. Are you on a special diet?       YES NO 
a. If YES, please explain __________________________________ 

         

16. Are you comfortable providing blood samples from a fingerprick? YES NO 
 

17. Are you participating in any other research studies currently?    YES NO 
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18. This study requires 12 morning visits to the University of Guelph of approximately 3 hours 
each. Visits will start between 7:30 and 8:30 a.m. and take place roughly every couple of 
weeks. Can your schedule accommodate these visits?  YES NO 

 

19. This study will involve regular study visits to the University of Guelph. Are there particular 
days of the week that you would prefer? 

 

MONDAY TUESDAY WEDNESDAY     THURSDAY FRIDAY 

 

20. Why do you want to participate in this study? __________________________ 
 

___________________________________________________________________ 
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B.5 Three- factor eating questionnaire (TFEQ) 

Please complete the following standardized questionnaire 

by circling the response that is MOST appropriate to you. 

There are no right or wrong answers. 

 

PART I 

 

1) When I smell a sizzling steak or see a juicy piece of meat, I find it very difficult to keep from 
eating, even if I have just finished a meal. 

         True    False 

 

2) I usually eat too much at social occasions, like parties and picnics. 

         True    False 

 

3) I am usually so hungry that I eat more than three times a day. 

         True    False 

 

4) When I have eaten my quota of calories, I am usually good about not eating any more. 

         True    False 

 

5) Dieting is hard for me because I just get so hungry.  True    False 

 

6) I deliberately take small helpings as a means of controlling my weight. 

         True    False 

 

7) Sometimes things just taste so good that I keep on eating even when I am no longer hungry. 

         True    False 
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8) Since I am so hungry, I sometimes wish that while I am eating, an expert would tell me that I 
have had enough or that I can have something more to eat.  

         True    False 

 

9) When I feel anxious, I feel myself eating.   True    False 

 

10) Life is too short to worry about dieting.   True    False 

 

11) Since my weight goes up and down, I have gone on reducing diets more than once. 

         True    False 

12) I often feel so hungry that I just have to eat something.  

         True    False 

 

13) When I am with someone who is overeating, I usually overeat too. 

         True    False 

 

14) I have a pretty good idea of the number of calories in common food. 

         True    False 

 

15) Sometimes when I start eating, I just can’t seem to stop. 

         True    False 

 

16) It is not difficult for me to leave something on my plate.  

         True    False 

 

17) At certain times of the day, I get hungry because I have gotten used to eating then. 
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         True    False 

 

18) While on a diet, if I eat food that is not allowed, I consciously eat less for a period of time to 
make up for it.  

         True    False 

 

19) Being with someone who is eating often makes me feel hungry enough to eat also. 

         True    False 

 

20) When I feel blue, I often overeat.     True    False 

 

21) I enjoy eating too much to spoil it by counting calories or watching my weight. 

         True    False 

 

22) When I see a real delicacy, I often get so hungry that I have to eat right away.  

         True    False 

 

23) I often stop eating when I am not really full as a conscious means of limiting the amount that 
I eat. 

         True    False 

 

24) I get so hungry that my stomach often feels like a bottomless pit.  

         True    False 

 

25) My weight has hardly changed at all in the last ten years. 

         True    False 
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26) I am always hungry so it is hard for me to stop eating before I finish the food on my plate. 

         True    False 

 

27) When I feel lonely, I console myself by eating.  True    False 

 

28) I consciously hold back at meals in order not to gain weight. 

         True    False 

 

29) I sometimes get very hungry late in the evening or at night. 

         True    False 

 

30) I eat anything I want, any time I want.   True    False 

 

31) Without even thinking about it, I take a long time to eat. True    False 

 

32) I count calories as a conscious means of controlling my weight. 

         True    False 

 

33) I do not eat some foods because they make me fat.  True    False 

 

34) I am always hungry enough to eat at any time.  True    False 

 

35) I pay a great deal of attention to changes in my figure. True    False 

 

36) While on a diet, if I eat a food that is not allowed, I often then splurge and eat other high 
calorie foods. 
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         True    False 

 

PART II 

 

37) How often are you dieting in a conscious effort to control your weight? 

 1) rarely    2) sometimes    3) usually   4) always 

 

38) Would a weight fluctuation of 5 pounds affect the way you live your life? 

1) not at all    2) slightly  3) moderately   4) very much 

 

39) How often do you feel hungry? 

1) only at mealtimes   2) sometimes between meals   3) often between meals  4) almost always 

 

40) Do your feelings of guilt about overeating help you to control your food intake? 

1) never   2) rarely   3) often   4) always 

 

41) How difficult would it be for you to stop eating halfway through dinner and not eat for the 
next four hours? 

1) easy  2) slightly difficult  3) moderately difficult  4) very difficult 

 

42) How conscious are you of what you are eating? 

1) not at all  2) slightly  3) moderately  4) extremely 

 

43) How frequently do you avoid “stocking up” on tempting foods? 

1) almost never  2) seldom  3) usually  4) almost always 

 

44) How likely are you to shop for low calorie foods? 
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1) unlikely  2) slightly likely  3) moderately likely  4) very likely 

 

45) Do you eat sensibly in front of others and splurge alone? 

1) never  2) rarely  3) often  4) always 

 

46) How likely are you to consciously eat slowly in order to cut down on how much you eat? 

1) unlikely  2) slightly likely  3) moderately likely  4) very likely 

 

47) How frequently do you skip dessert because you are no longer hungry? 

1) almost never  2) seldom  3) usually  4) almost always 

 

48) How likely are you to consciously eat less than you want? 

1) unlikely  2) slightly likely  3) moderately likely  4) very likely 

 

49) Do you go on eating binges though you are not hungry? 

1) never  2) rarely  3) often  4) always 

 

50) On a scale of 0 to 5, where 0 means no restraint in eating (eating whatever you want, 
whenever you want it) and 5 means total restraint (constantly limiting food intake and never 
“giving in”), what number would you give yourself?  

 

0) eat whenever you want, whenever you want it 

1) usually eat whenever you, whenever you want it 

2) often eat whatever you want, whenever you want it 

3) often limit intake, but often “give in” 

4) usually limit food intake, rarely give “in” 

5) constantly limiting food intake, never “giving in” 
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51) To what extent does this statement describe your eating behaviour? “I start dieting in the 
morning, but because of any number of things that happen during the day, by evening I have 
given up and eat what I want, promising myself to start dieting again tomorrow.” 

 

1) not like me    2) little like me    3) pretty good description of me    4) describes me perfectly 
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B.6: Food neophobia scale 
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B.7: Study informed consent form 

UNIVERSITY OF GUELPH LETTERHEAD HERE 

 

FOOTNOTE TO BE INSERTED ON EACH PAGE OF CONSENT DOCUMENT AT TIME OF PRINTING. 
Consent Document: Millet Products Study - Investigation of glycemic index and satiety 

Date:    Participant Initials:  

  

CONSENT TO PARTICIPATE IN RESEARCH 

 

Millet Products Study - Investigation of glycemic index and satiety 

 

You are asked to participate in a research study conducted by student Matt McSweeney, 
student Agota Ferenc, Professor Amanda Wright from the Department of Human Health & 
Nutritional Sciences, Professor Lisa Duizer from the Department of Food Science at the 
University of Guelph and HNRU Manager Amy Tucker. Results of this study will contribute 
toward a PhD’s thesis for Matt McSweeney. This research is sponsored by the Ontario Ministry 
of Agriculture, Food and Rural Affairs and Bunge North America. 

 

If you have any questions or concerns about the research, please feel free to contact the study 
personnel at any time: 

 

1. Study Coordinator: Matt McSweeney, B.Sc. (Ph.D. graduate student) at 519 824-4120 
x58660, mmcsween@uoguelph.ca  

2. Study Coordinator: Agota Ferenc, B.Sc.H. (M.Sc. Graduate Student) at 519-824-4120 
x56314, aferenc@uoguelph.ca  

3. Study Principal Investigator: Professor Amanda Wright, Ph.D. at 519-824-4120 x54697, 
ajwright@uoguelph.ca 

4. Study Faculty Co-Investigator: Professor Lisa Duizer, Ph.D. at 519-824-4120 x53410, 
lduizer@uoguelph.ca 

5. HNRU Manager: Amy Tucker, Ph.D. at 519-824-4120 x53749, aborland@uoguelph.ca  
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PURPOSE OF THE STUDY 

 

The purpose of this study is to investigate how millet grown in North America influences the 
glycemic response and satiety in 12 healthy males in different product types, i.e. an extruded 
snack and a biscuit. 

 

PROCEDURES 
 

If you volunteer to participate in this study, we would ask you to do the following things: 

 

This study involves 12 visits to the Human Nutraceutical Research Unit (HNRU) in room 142 of 
the Food Science-Guelph Food Technology Centre Building, 88 McGilvray at the University of 
Guelph (Note this is the same location as the screening visit). The following describes in detail 
what will happen during each of the 12 treatments: 

 

PRIOR TO EACH STUDY VISIT: For 72 h prior to each study visit you will need to avoid over-
the-counter medications, alcohol and strenuous activity. Prior to each study visit you will also 
need to observe a 12 h overnight fast where you consume no food or drink (except for water). 
Before starting each fast, you will need to consume a standard dinner meal which will be 
created based on your food diary. You will have some choice in the meal options. You should 
not consume any additional foods or drinks (except water) with or after this meal so that you are 
fasted when you arrive to the Human Nutraceutical Research Unit for your scheduled study visit. 

 

STUDY VISITS: On the morning of each study visit you will report to the Human Nutraceutical 
Research Unit at the University of Guelph, following a 12 h overnight fast (drinking only water, 
but no other drinks and no food).  

 
At each study visit the study coordinator will measure your body weight. On two study visits, the 
study coordinator will also measure, in private, your height, waist circumference, hip 
circumference, blood pressure and body composition by bioelectrical impedance analysis, a 
common procedure in the Human Nutraceutical Research Unit. Bioelectrical impedance is a 
very commonly used technique to determine body composition. For this analysis you will be 
asked to recline on a medical bed. An electrode will be placed on each of your ankle and wrist 
and the electrodes attached to leads that connect to a handheld controller. The study 
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coordinator will enters details about your height, gender, activity level and body weight into the 
controller. The measurement then begins and lasts for approximately 1 – 2 minutes. During the 
measurement, you will remain lying down with the researcher standing alongside of you. A weak 
electric current will pass through your body and your body’s opposition to the flow of this current 
is measured. This permits the estimation of body water content, lean mass and body fat. The 
process is completely painless and you will not feel the electric current during the measurement. 

 

At fasting, two fingerprick blood samples will be taken by a trained technician. You will then 
consume the test product within 10 min and one fingerprick blood sample will be taken at the 
15, 30, 45, 60, 90, and 120 min intervals, following the start of ingestion of the food. This will 
total 8 fingerprick blood samples per study session. During the 2 h, you will remain seated with 
minimal activity. There will be magazines and movies available to watch, but you are also 
invited to bring your work to do or books to read. At the end of each fingerprick, a bandage or 
dressing will be applied. After that, you will be provided with a lunch meal, which you will need 
to consume in the presence of the study coordinator before you may leave.  The lunch will be 
purchased from the Ontario Veterinary College. You will be able to select from a variety of 
options, including yogurt, fruit, soup, sandwiches, biscuits and beverages. 

   

Study Test Products: On each of the 12 study visits, you will be asked to consume 
approximately 100 grams of test product. The products include white bread, an extruded snack, 
a couscous-like product, a porridge and a biscuit produced from refined millet and corn flour. All 
of the products will be prepared in the Bunge Innovation Centre or the Sensory Kitchen (Food 
Science Room 146A), following good manufacturing practices (GMPs), including complete 
cleaning and sanitation of equipment before and after use and personnel hygiene requirements 
for safe and sanitary production of food product. All ingredients will be purchased from food 
ingredient suppliers or the local grocery store.  

 

Study Sample Laboratory Analysis: Blood samples from each time point will be analyzed for 
glucose in order to determine the glycemic response to each test meal.  

 

Study Results Publication: Results from this study may be published, but will always be 
presented as group data with no ability to link data back to individuals. Your decision to be a 
participant in this study is voluntary and you are free to withdraw from the study at any time. You 
will be financially compensated for your time and effort at an amount of $50 for each of the 12 
study visits plus an additional $50 upon completion of all study treatments. Following completion 
of the study analyses, a summary of the research results (both group data and your individual 
data) will be mailed to you. 
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POTENTIAL RISKS AND DISCOMFORTS 
 

There are minimal risks associated with participation in this study. The following summarizes the 
potential risks: 

• At each of the 12 study visits a trained technician will take fingerprick blood 
samples. There is a chance that this process could cause you some slight 
discomfort. These risks and potential discomforts from the blood draws will be 
managed by having a qualified and experienced technician taking your blood. In 
addition, consuming plenty of water the night before and the morning of can 
facilitate blood sampling.  

 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

You will benefit from participating in this study by gaining the experience as a study participant, 
through the financial compensation you will receive and also because of the written summary 
you will receive about the overall research results as well as your individual results.  

 

Your involvement in the study will lead to results that will provide valuable insights into millet 
products and glycemic response and satiety. This information may lead to the development of 
dietary strategies that could improve human health, particularly as it relates to foods which 
decrease the risk or aid in the management of type II diabetes. 

 

PAYMENT FOR PARTICIPATION 
 

You will be financially compensated for your time and effort at an amount of $50 upon 
completion of each study visit (for a total of $600 – 12 visits x $50 per visit) and an additional 
$50 upon completion of all 12 study treatments. If you withdraw from the study before 
completion, your compensation will be prorated for your involvement. For example, if you 
complete 4 study visits, you will receive $200. 

 

CONFIDENTIALITY 

 
Every effort will be made to ensure confidentiality of any identifying information that is 
obtained in connection with this study. All participants will be assigned a number, and a 
study code will be used. Your name will never be used in communicating results of the 
study. Records will be kept on an encrypted computer and/or in a locked file cabinet in a 
locked office. All data will be kept indefinitely. In following these guidelines, participants’ 
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confidentiality will be maintained to the best of our ability. The investigator’s institution 
will permit trial-related monitoring, audits, REB review, and regulatory inspection(s), 
providing direct access to source data/documents as required. Results from the study 
may be published, but will be presented as group data.  
 

PARTICIPATION AND WITHDRAWAL 
 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind.  You may exercise the option of 
removing your data from the study.  You may also refuse to answer any questions you don’t 
want to answer and still remain in the study. If information becomes available that may be 
relevant to your willingness to continue participating in the trial, you will be informed in a 
timely manner. The investigator may withdraw you from this research if circumstances arise 
that warrant doing so. 

 
RIGHTS OF RESEARCH PARTICIPANTS 
 

You may withdraw your consent at any time and discontinue participation without penalty.  You 
are not waiving any legal claims, rights or remedies because of your participation in this 
research study.  This study has been reviewed and received ethics clearance through the 
University of Guelph Research Ethics Board.   If you have questions regarding your rights as a 
research participant, contact: 

 

 Research Ethics Coordinator           Telephone: (519) 824-4120, ext. 56606 

          University of Guelph   E-mail: sauld@uoguelph.ca 

 437 University Centre   Fax: (519) 821-5236 

 Guelph, ON   N1G 2W1 

 
 
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 

I have read the information provided for the study “Millet Products Study - Investigation of 
glycemic index and satiety” as described herein. My questions have been answered to my 
satisfaction, and I agree to participate in this study.  I have been given a copy of this form. 

  

Name of Participant: ____________________________ 
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(please print) 

 

Signature of Participant: _________________________         Date: ________________ 

 
 
SIGNATURE OF WITNESS 
 

Name of Witness: ____________________________ 

(please print) 

 

Signature of Witness: _________________________         Date: ________________ 
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B.8: Gastrointestinal symptoms questionnaire 

!"#$%&'($)#$'("*+,-)#$'&(("'%)+.!/,0 

       The purpose of this questionnaire is to gather information about your gastrointestinal 
function within a 24-hour period. Each question is followed by a line, which you will use as a 
scale to rank your symptoms. Circle the answer you feel best represents your situation. 
Following each YES answer, please mark the point on the line that you feel best represents 
your perception with respect to the condition or symptom in the question. It is imperative that 
you try to answer the questions as accurately as possible.  A list of definitions is included at the 
end of the questionnaire to assist you. If you are unsure of how to answer any questions, please 
do not hesitate to ask one of the study coordinators.  There are no right or wrong answers. 

 

ABDOMINAL COMFORT 

1.  Have you experienced abdominal discomfort within the past 24 hours?  YES
 NO 

 

1. a. If YES, then please rate your abdominal discomfort on the following scale: 

 

 

             

2.  Have you experienced stomach bloating within the past 24 hours?  YES NO 

 

2.a.  If YES, then please rate your stomach bloating on the following scale: 

 

 

           
  

 

3.  Have you experienced stomach cramping within the past 24 hours?  YES NO 

 

None  Worst Possible  

Worst possible  

None  
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3.a.  If YES, then please rate your stomach cramping on the following scale: 

 

     

              

4.  Have you experienced stomach rumbling within the past 24 hours? YES NO  

  

 4.a. If YES, then please rate your rumbling on the following scale:  

 

 

                                                                                                                                                         

FLATULENCE 

5.  Have you experienced any flatulence within the past 24 hours?   YES
 NO 

 

5.a. If YES, then please rate your flatulence on the following scale: 

 

 

 

     

OVERALL GASTROINTESTINAL FUNCTION 

 

6. How would you rate your overall gastrointestinal function within the past 24         hours? 

 

 

Worst possible  
None  

Worst possible  
None  

Worst possible  
None  

Worst possible  
Perfect  
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Definitions 

Abdominal pain or discomfort: is a feeling of discomfort or pain located in the upper or lower abdominal 
area.  

Bloating or abdominal distension: is a condition in which the abdomen feels full and tight, not only after 
eating, and often interpreted as excessive intestinal gas. 

Flatulence: is the state of having excessive stomach or intestinal gas. This can result in uncomfortable 
feelings of bloating, as well as increased belching or passing of gas from the rectum. 

Cramping abdominal pain: is a type of pain that comes and goes or changes in position or severity. It can 
be very uncomfortable but is rarely serious if it is relieved through passing gas or having a bowel 
movement. 

Abdominal Rumbling: Is a noise that occurs from gas or fluid movement in the intestines 
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APPENDIX C: Forms and questionnaires for sensory analysis 

C.1: Consent form for PAE trials at the University of Guelph 

 

Department of Food Science 
50 Stone Road E, Building 038 
Guelph, ON N1G 2W1              
           

 

CONSENT TO PARTICIPATE IN RESEARCH 

 

Preferred Atrribute Elicitation of Proso Millet Products 

You are asked to participate in a research study conducted by Matt McSweeney and David Ioi from 
the Department of Food Science at the University of Guelph. Dr. Lisa Duizer also from the 
Department of Food Science is their advisor. 

 We are looking for people who are interested in helping the research team to study the taste and flavor of 
millet products.  

If you have any questions or concerns about the research, please feel free to contact Lisa Duizer: Faculty 
member in the Department of Food Science. Phone: 519-824-4120 ext. 53410.   

PURPOSE OF THE STUDY 

The purpose of this study is to determine the differences between sensory properties of proso 
millet products made using different processing methods. 

PROCEDURES 
 
Before signing this consent form, you will be provided with a questionnaire to complete regarding 
food allergies and sensitivities.  
 
In this study, you will be eating food products which contain the following ingredients: 

Proso millet flour, refined corn flour, water. 

Additionally, you will be cleansing your palate with apple and water. 

If you know that any of these products/ingredients are likely to cause you discomfort or 
you are allergic to them, please do not take part in this study. 

Once we have determined that you will not suffer any adverse effects from eating the food 
products, you will start the training sessions:  

 You will be asked to evaluate millet samples for perception of various taste and flavor characteristics as 
well as flavor intensities.   
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The process is expected to take 1 session of approximately one and half hours to two hours. This session 
will be held on Tuesday May 28. A follow up session may be held at a later date, but will be confirmed 
with you first. The time for the sessions will be confirmed with you after screening has taken place.    

This testing involves meeting as a group to taste and describe the tastes/flavors of various millet samples. 
We will work with you to define those descriptors and then ask you to analyze the samples again. 

During each day you will be provided with an ingredient list of the food products that you will taste. Please 
let us know if you are allergic to any of the ingredients or if you feel uncomfortable eating any of the 
products. You will not receive a large amount of any of the food products but if you feel that you are 
getting full, you can stop eating at any point during training.  

Testing:  

We will reimburse you $15.00 for each tasting session that you attend. If you cannot make a tasting 
session, please contact us to let us know.  

 It is not anticipated that you will suffer any adverse reactions to consuming these foods. The quantities 
served to are all smaller than you would eat under normal situations. You do not have to eat the entire 
sample presented to you. You have to eat enough to make an evaluation.  

 

POTENTIAL RISKS AND DISCOMFORTS 
 

If you do not have any allergies/discomfort with any of the listed ingredients, there are no known 
risks to being involved with this study. 

 

   
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

Information collected by this study will help us to have a better understanding of the sensorial 
characteristics of proso millet products. It will also help to create sensory analysis tools for 
consumer acceptance of these products. This knowledge will allow for the development of 
nutritionally beneficial products which are deemed acceptable by consumers. 

 

  
PAYMENT FOR PARTICIPATION 
 

You will receive $15.00 for each session that you decide to participate in. 

  
CONFIDENTIALITY 
 
Every effort will be made to ensure confidentiality of any identifying information that is obtained in 
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connection with this study.  
 
All data which is collected will be stored on an encrypted file on a computer in a locked room.  
 
The data will be analyzed to calculate mean scores and standard deviations. All data collection during the 
testing trials is confidential. During training sessions, most work is done in group. Therefore information is 
not confidential. There is no way to track the data provided by you back to your personal information.  
  
 
  
 
PARTICIPATION AND WITHDRAWAL 
 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind.  You may exercise the option of 
removing your data from the study.  You may also refuse to answer any questions you don’t 
want to answer and still remain in the study.  The investigator may withdraw you from this 
research if circumstances arise that warrant doing so.  

 

RIGHTS OF RESEARCH PARTICIPANTS 
 

You may withdraw your consent at any time and discontinue participation without penalty.  You 
are not waiving any legal claims, rights or remedies because of your participation in this 
research study. This study has been reviewed and received ethics clearance through the 
University of Guelph Research Ethics Board.   If you have questions regarding your rights as a 
research participant, contact: 

 

 Research Ethics Coordinator              Telephone:(519)824-4120, ext.56606 

             University of Guelph   E-mail: sauld@uoguelph.ca 

 437 University Centre   Fax: (519) 821-5236 

 Guelph, ON   N1G 2W1 

 

Research results will be only be available once they are published in a scientific journal. If you want to 
receive a copy of this research paper please provide us your e-mail and we will e-mail you once 
published. Please note that it may take up to two years to have a research paper published. 
"
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
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I have filled in the screening questionnaire for allergies and I have read the ingredient 
listing for the products that I will be trying. I am not allergic or sensitive to any of the 
listed items.  

I have read the information provided for the study “Preferred Atrribute Elicitation of 
Proso Millet Products” as described herein. 

My questions have been answered to my satisfaction, and I agree to participate in this 
study.  I have been given a copy of this form. 

 

 ______________________________________ 

 Name of Participant (please print  

 

 ______________________________________   ______________ 

 Signature of Participant       Date 

SIGNATURE OF WITNESS 
 

 ______________________________________ 

 Name of Witness (please print) 

 

 ______________________________________   _______________ 

 Signature of Witness      Date 
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C.2: Screening questionnaire for PAE trials 

 

Department of Food Science 
50 Stone Road E, Building 038 
Guelph, ON N1G 2W1              
           

 

SCREENING QUESTIONNAIRE 

 

Do you have any food allergies? 

 

  Yes  No 

 

If yes, please list what those allergies are: 

 

 

 

 

Do you have any food sensitivities? 

 

  Yes  No 

 

If yes, please list what those sensitivities are: 

 

 

 

In this study, you will be consuming products which contain the following ingredients 

Proso millet flour, refined corn flour, water 

Additionally, you will be cleansing your palate with apple and water 
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Are you soybean intolerant? 

   

  Yes  No 

 

Do you have gluten allergy? 

 

              Yes  No 

 

Do you have any allergies or intolerance to wheat based products? 

 

  Yes  No 

 

Do you usually eat extruded snacks (ex. Cheetos) made in Canada? 

 

  Yes  No 
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C.3: Liking questionnaire used for PAE and consumer liking trials 

1. Please eat sample 432 and record your overall liking on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

   

2. Please eat sample 432 and record your liking of the flavour on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

 

3. Please eat sample 432 and record your liking of the texture on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

  

4. Please write what you like and dislike about sample 432:      
             
             
             
             
       

5. Please eat sample 593 and record your overall liking on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

 

6. Please eat sample 593 and record your liking of the flavour on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

 

7. Please eat sample 593 and record your liking of the texture on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 
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8. Please write what you like and dislike about sample 593:        
             
             
             
             
       

9. Please eat sample 167 and record your overall liking on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

   

10. Please eat sample 167 and record your liking of the flavour on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

 

11. Please eat sample 167 and record your liking of the texture on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

  

12. Please write what you like and dislike about sample 167:      
             
             
             
             
       

13. Please eat sample 754 and record your overall liking on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

   

14. Please eat sample 754 and record your liking of the flavour on the scale below. 

Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

 

15. Please eat sample 754 and record your liking of the texture on the scale below. 
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Like 
Extremely 

Like 
Very 
Much 

Like 
Moderately 

Like 
Slightly 

Neither 
Like or 
Dislike 

Dislike 
Slightly 

Dislike 
Moderately 

Dislike 
Very 
Much 

Dislike  
Extremely 

  

16. Please write what you like and dislike about sample 754:      
             
             
             
             
       

 

Thank you very much! 
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C.4: An example of an PAE questionnaire 

Name:          Date: 

1. Please eat sample 873 and record how bitter the aftertaste is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

2. Please eat sample 873 and record how crucnhy the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

3. Please eat sample 873 and record how much tooth-packing occurs. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

4. Please eat sample 873 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

5. Please eat sample 873 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

6. Please eat sample 873 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

7. Please eat sample 873 and record how __________ the sample is. 
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1 2 3 4 5 6 7 

      Not at all             Extremely 

1. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

2. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

3. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

4. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

5. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

6. Please eat sample 346 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

7. Please eat sample 346 and record how __________ the sample is. 
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1 2 3 4 5 6 7 

      Not at all             Extremely 

 

1. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

2. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

3. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

4. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

5. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

6. Please eat sample 159 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

7. Please eat sample 159 and record how __________ the sample is. 
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1 2 3 4 5 6 7 

      Not at all             Extremely 

 

1. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

2. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

3. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

4. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

5. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

6. Please eat sample 737 and record how __________ the sample is. 
 
 

1 2 3 4 5 6 7 

      Not at all             Extremely 

7. Please eat sample 737 and record how __________ the sample is. 
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1 2 3 4 5 6 7 

      Not at all             Extremely 
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C.5: Consent form for consumer liking trial 

Project title: Consumer liking of millet products   Adult Participants 

 

A sensory evaluation project conducted by: 

Matt McSweeney, Acadia University: Centre for Sensory Research of Food (Principal 
Investigator) 

Study intent 

The purpose of this study is to determine your response to products made with proso millet 
.This consent form is intended to help you understand exactly what we are asking of you so that 
you may decide whether you want to participate in the study. Please read the form carefully and 
ask any questions you like before deciding to participate. Your participation is completely 
voluntary and you are free to withdraw from the testing at any time, without penalty.  

The procedure 

You will be asked to evaluate 4 samples of extruded snacks made with proso millet. This will 
take approximately 15 minutes. You will be asked to evaluate how much you like or dislike 
them. This information will help us determine the best way to make these new products.  

Confidentiality and use of data.  

Confidentiality will be respected.  Each participant is given a code number for use in the study. 
Data files and all personal information that could identify you, such as name and address is 
confidential and held separately in a locked file at Acadia University.   

Risks  

If you have any allergies or sensitivities to wheat flour, gluten, shortening, eggs, green tea or 
unsalted soda crackers you should not participate in this study.   

Complete list of all potential ingredients: 

In this study, you will be eating food products, which contain the following ingredients: 

Proso millet flour, corn flour, water 

Additionally, you will be cleansing your palate with water. 

Agreement and signature 

I, ______________________________________, agree to participate in the study  

                            (Please print name) 
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described above.  I have read this consent form and understand the risks and the 
information provided. All my questions have been answered to my satisfaction.  I 
understand that participation is voluntary and that I may withdraw at any time without 
penalty. 

 

I voluntarily consent to participate in this study.  

 

___________________________________    Date: __________________________ 

 

           (Signature of Participant)                                          

 

 

For additional information contact Matt McSweeney, Acadia University Centre for Sensory 
Research of Food, 902-585-1230, matthew.mcsweeney@acadiau.ca 

 

_____________________________ 

   (Signature of Researcher)   

 

This study has been reviewed and approved by Acadia University’s Research Ethics Board  

(date of approval, June 5, 2014). 
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APPENDIX D: ANOVAs,Tables and Figures 

D.1: ANOVA tables and figures from Chapter 3 

Table D.1.1 ANOVA tables for height, weight and width of biscuits 

Property DF Sum of Squares F-Value P-Value 
Height 3 144.221 11.070 0.001 
Error 14 60.800   
Width 3 4.121 1.156 0.361 
Error 14 16.630   
Weight 3 24.710 2.847 0.076 
Error 14 40.508   
 

Table D.1.2 ANOVA table for ten piece count, WAI and WSI of extrudates 

Property DF Sum of Squares F-Value P-Value 
Ten Piece 
Count 

3 1.474 12.207 0.000 

Error 16 0.644   
WAI 3 0.850 2.906 0.165 
Error 4 0.390   
WSI 3 857.725 19.192 0.008 
Error 4 59.590   
 

Table D.1.3 ANOVA table for colourimetry of biscuits 

Property DF Sum of Squares F-Value P-Value 
L’ 3 145.247 56406.680 0.000 
Error 8 0.007   
a’ 3 9.731 35386.030 0.000 
Error 8 0.001   
b’ 3 130.701 258.858 0.000 
Error 8 5.922   
 

Table D.1.4 ANOVA table for colourimetry of extruded snacks 

Property DF Sum of Squares F-Value P-Value 
L’ 3 0.504 0.497 0.695 
Error 8 2.708   
a’ 3 10.649 141985.222 0.000 
Error 8 0.000   
b’ 3 745.391 1296332.23 0.000 
Error 8 .002   
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Table D.1.5 ANOVA table for colourimetry of couscous  

Property DF Sum of Squares F-Value P-Value 
L’ 3 10.797 104.525 0.000 
Error 8 0.275   
a’ 3 25.337 4349.681 0.000 
Error 8 0.016   
b’ 3 317.128 1200.902 0.000 
Error 8 0.704   
 

Table D.1.6 ANOVA table for colourimetry of porridge  

Property DF Sum of Squares F-Value P-Value 
L’ 3 65.642 209.167 0.000 
Error 8 0.837   
a’ 3 1.253 51.212 0.000 
Error 8 0.065   
b’ 3 437.733 636.472 0.000 
Error 8 1.834   
 

Table D.1.7 ANOVA table for protein content of products  

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 36.777 471.727 0.000 
Error 4 0.104   
Extruded 
Snacks 

3 7.275 428.282 0.000 

Error 4 0.023   
Couscous 3 13.817 170.583 0.000 
Error 4 0.108   
Porridge 3 61.525 609.686 0.000 
Error 4 0.135   
 

Table D.1.8 ANOVA table for lipid content of products  

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 6.558 23.368 0.005 
Error 4 0.374   
Extruded 
Snacks 

3 7.222 68.782 0.001 

Error 4 0.140   
Couscous 3 11.211 185.230 0.000 
Error 4 0.081   
Porridge 3 1.518 396.784 0.000 
Error 4 2.080   
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Table D.1.9 ANOVA table for TDF of products  

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 32.095 30.136 0.003 
Error 4 1.420   
Extruded 
Snacks 

3 22.676 22.379 0.006 

Error 4 1.351   
Couscous 3 37.198 12.399 0.010 
Error 4 3.011   
Porridge 3 30.969 19.851 0.007 
Error 4 2.080   
 

Table D.1.10 ANOVA table for total starch of products  

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 29.094 5.332 0.070 
Error 4 7.275   
Extruded 
Snacks 

3 18.432 1.428 0.359 

Error 4 17.215   
Couscous 3 1484.334 28.671 0.000 
Error 4 77.656   
Porridge 3 901.107 18.715 0.008 
Error 4 64.199   
 

Table D.1.11 ANOVA table for total phenolic content of products  

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 19488.265 10.189 0.024 
Error 4 2550.304   
Extruded 
Snacks 

3 24806.000 12.692 0.016 

Error 4 2606.000   
Couscous 4 37865232 18517.817 0.000 
Error 5 2556   
Porridge 3 13511.440 12.238 0.016 
Error 4 1414.320   
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Table D.1.12 ANOVA table for RDS of products 

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 267.482 219.844 0.000 
Error 4 1.622   
Extruded 
Snacks 

3 127.216 96.714 0.000 

Error 4 1.754   
Couscous 4 360.980 97.713 0.000 
Error 5 4.926   
Porridge 3 429.777 269.164 0.000 
Error 4 2.129   
 

Table D.1.13 ANOVA table for SDS of products 

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 53.400 6.722 0.048 
Error 4 10.593   
Extruded 
Snacks 

3 54.678 7.506 0.040 

Error 4 9.712   
Couscous 4 122.587 15.162 0.012 
Error 5 69.923   
Porridge 3 356.541 118.847 0.000 
Error 4 5.750   
 

Table D.1.14 ANOVA table for RS of products 

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 451.599 79.377 0.001 
Error 4 7.586   
Extruded 
Snacks 

3 315.145 86.633 0.040 

Error 4 4.850   
Couscous 4 793.740 15.162 0.012 
Error 5 69.800   
Porridge 3 1538.724 321.908 0.000 
Error 4 6.373   
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Table D.1.15 ANOVA table for eGI of products 

Property DF Sum of Squares F-Value P-Value 
Biscuit 3 549.510 152.991 0.000 
Error 4 4.789   
Extruded 
Snacks 

3 376.904 164.997 0.000 

Error 4 3.046   
Couscous 4 917.011 1501.143 0.000 
Error 5 0.815   
Porridge 3 1280.484 810.285 0.000 
Error 4 2.107   
 

D.2: ANOVA tables and figures from Chapter 4 

D.2.1 ANOVA table for AUC of products 

Property DF Sum of Squares F-Value P-Value 
Between Groups 9 38088.263 14.410 0.000 
Within Groups 134 2643.235   
Total 143    

 

D.2.2 ANOVA table for raw GI of products 

Property DF Sum of Squares F-Value P-Value 
Between Groups 9 55063.292 14.082 0.000 
Within Groups 134 3910.165   
Total 143    

 

D.2.3 ANOVA table for OE GI of products 

Property DF Sum of 
Squares 

Mean 
Square 

F-Value P-Value 

Between 
Groups 

9 64341.093 7149.010 21.604 0.000 

Within Groups 110 36400.859 330.917   
Total 119 100741.952    
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D.2.4 ANOVA table for GI of millet products 

Property DF Sum of 
Squares 

Mean 
Square 

F-Value P-Value 

Between 
Groups 

4 23391.434 5847.858 11.790 0.000 

Within Groups 55 27281.233 496.022   
Total 59 50672.667    

 

D.2.5 ANOVA table for GI of millet products excluding WCC100 

Property DF Sum of 
Squares 

Mean 
Square 

F-Value P-Value 

Between 
Groups 

3 20822.835 6940.945 12.234 0.000 

Within Groups 44 24962.792 567.336   
Total 47 45785.627    

 

D.2.6 Table of GI values of millet products excluding WCC100 

Grain Couscous Biscuit Extruded 
Snack 

Porridge 

Refined 
Millet 

36.6±12.4a1,2 31.8±6.4a 73.8±12b 24.4±5.9a 

1n=12 

2 Means in the same row, with the same letter are not significantly different at the 95th percentile. 

D.2.7 ANOVA table for GI of corn products 

Property DF Sum of 
Squares 

Mean 
Square 

F-Value P-Value 

Between 
Groups 

3 22859.982 7619.994 17.120 0.000 

Within Groups 44 19583.568 445.081   
Total 47 42443.550    

 

 

D.2.8 T-Test values for product type’s GI 

Product Type p-value 
Couscous 0.00049 
Biscuit 0.05101 
Porridge 0.38926 
Extruded Snack 0.02982 
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Figure D.2.10 The correlation between expected glycemic index and glycemic index separated 
by grains. 

 

D.3 ANOVA tables and figures from Chapter 5 

Table D.3.1 ANOVA table for PAE liking scores of biscuits (Males) 

Attribute DF Sum of Squares F-Value P-Value 
Overall 
Liking 

3 42.900 6.114 0.002 

Error 36 4.789   
Flavour 3 4.675 0.637 0.596 
Error 36 88.100   
Texture 3 83.275 12.383 0.000 
Error 36 80.700   

 

 

 

 

 

Table D.3.2 ANOVA table for PAE liking scores of biscuits (Females) 

Attribute DF Sum of Squares F-Value P-Value 
Overall 3 88.911 18.778 0.000 
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Liking 
Error 52 82.071   
Flavour 3 30.643 4.860 0.005 
Error 52 109.286   
Texture 3 119.339 13.463 0.000 
Error 52 153.643   
 

 

Table D.3.3 ANOVA table for PAE liking scores of extruded snacks (Males) 

Attribute DF Sum of Squares F-Value P-Value 
Overall 
Liking 

3 47.475 5.855 0.002 

Error 36 97.300   
Flavour 3 57.875 12.424 0.596 
Error 36 55.900   
Texture 3 23.675 7.892 0.080 
Error 36 116.100   
 

Table D.3.4 ANOVA table for PAE liking scores of extruded snacks (Females) 

Attribute DF Sum of Squares F-Value P-Value 
Overall 
Liking 

3 19.333 2.445 0.073 

Error 56 147.690   
Flavour 3 50.400 7.297 0.000 
Error 56 128.933   
Texture 3 37.133 4.965 0.004 
Error 56 139.600   
 

Table D.3.5. ANOVA table for consumer liking of biscuits 

Attribute DF Sum of Squares F-Value P-Value 
Overall 
Liking 

3 286.094 40.374 0.000 

Error 284 670.819   
Flavour 3 109.708 14.127 0.000 
Error 284 735.167   
Texture 3 472.288 54.985 0.000 
Error 284 813.413   
 

 

Table D.3.6 ANOVA table for consumer liking of extruded snacks 

Attribute DF Sum of Squares F-Value P-Value 
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Overall 
Liking 

3 251.683 33.402 0.000 

Error 264 663.075   
Flavour 3 121.086 13.096 0.000 
Error 264 813.642   
Texture 3 274.940 29.014 0.000 
Error 264 833.910   

 

 

 

 

 

 

 

 


