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Abstract 

The objective of this study was to assess the acceptability of newly 

developed functional-fortified powdered drinks based on the probabilistic sensory 

analysis of their sweetness, mouthfeel, color, and aroma; adapt a modified 

Knowledge Value Chain model to the process of research and development of 

the product development process, and determine the shelf life of the products. 

Knowledge Value Chain model was used as a systematic approach to gather, 

analyze, formulate, and execute data.  

Four prototype formulas for chocolate, vanilla, natural, and strawberry 

flavors of the newly developed products were evaluated for overall acceptability 

by a total of 150 panelists from Honduras, Nicaragua and Dominican Republic. 

Probabilistic analysis of sensory evaluation was used to assess the degree of 

acceptability. The instrument used for data collection was a scorecard with a 

Just-About-Right (JAR) and hedonic scale. The Just About Right and hedonic 

scales information was combined in the scorecard in this study to provide 

directional information for product optimization or reformulation.  

Factorial ANCOVA was used for the analysis of the effects of sweetness, 

mouthfeel, color, and aroma attributes on consumers‟ acceptability for the 

functional-fortified drinks. The panelists found these prototype formulas to have 

little to no-acceptability based on sweetness, mouthfeel, color, and aroma. The 

reformulation process had, as a goal, to correct deficiencies of the prototype 

flavors in terms of sensorial attributes and met the expected standards in terms 
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of sweetness, mouthfeel, color and aroma of the target population for the 

different products.  As expected, reformulated products were highly accepted 

with the exception of the strawberry flavor. The accelerated shelf life test result 

showed an expected shelf life of twenty-eight months under dry conditions with 

temperatures no higher than 27C.  In conclusion through the use of a systematic 

process, data were gathered, interpreted, and decisions were made ending in an 

increased acceptability of the functional-fortified products. 
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Knowledge Value Chain Model and New Product Development:  

An Alternative to Undernutrition 

Chapter I  

Problem Statement 

The United Nations International Children‟s Emergency Fund (UNICEF) 

defines undernutrition as the consequence of inadequate food-intake and 

repeated infectious diseases. Undernutrition includes being underweight for 

one‟s age, too short for one‟s age (stunted); dangerously thin for one‟s height 

(wasted) and deficient in vitamins and minerals (micronutrient malnutrition) 

(United Nations International Children‟s Emergency Fund [UNICEF], 2009).  

Undernutrition is thought to be a consequence of poverty; therefore, food 

aid must be integrated into public policies that make access to food possible. 

However, some other analysts argue that poverty is not the cause of nutritional 

problems. Instead, the problem is the lack of access to food. This observation is 

based on data from demographic and health surveys carried out in Guatemala in 

1995 and Nicaragua in 1998. Findings from the surveys made clear that even 

though over two-thirds of the child population of households suffered from 

extreme poverty, they did not exhibit signs of undernutrition such as low weight 

for age. At the same time, it was found that a high percentage of children under 

five years of age with weight deficiency were not living in extremely poor 

households. From this, it was concluded that undernutrition is therefore a 

problem of food shortage (Espindola, Leon, Martinez, & Schejtam, 2005). 



Texas Tech University, Elbia Galo, August 2010 

 

2 

 

According to the Food and Agricultural Organization (FAO), international food-aid 

currently provides about 10 million tons of commodities a year to some 200 

million needy people. The FAO notes that as much as 90% of all food-aid 

resources may be tied to some specific conditions. These conditions make it 

difficult for agencies to use the aid in the most efficient way and to ensure that 

the food reaches people who need it the most. A critical analysis and 

restructuring of government policies are needed in order to coordinate with food 

aid institutions to provide food security (United Nation News [UN], 2007).  

However, malnutrition needs to be seen as more than an effect of food security 

since some of the consequences of malnutrition have a global effect in the social 

progress of nations.  Peña and Bacallao, 2002, argued in their article 

“Malnutrition and Poverty” that poverty used to be linked to severe forms of 

malnutrition, particularly in children. Peña and Bacallao continue affirming that 

today it is understood that poverty is affected by malnutrition by the increased 

propensity for diseases, reduced physical work capacity, lower intellectual 

capacity, reduced participation of individual in social decisions, and an 

insignificant capacity of resolution in the face of environmental challenge. 

However, poor nutrition might start in the uterus. Pregnancy in adolescence and 

protein-energy deficient women cause intrauterine retarded growth and low birth-

weight.  Retardation of growth is particularly serious because it has irreversible ill 

effects on the development of individuals and consequently in society. A better-
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nourished society will be healthier and as a consequence more responsive to 

actions oriented at reducing poverty and inequalities. (Peña & Bacallao, 2002).  

The problem of malnourishment with regard to the health of a fetus has 

not gone unnoticed. For example, the UNICEF publication “Progress for 

Children,” 2006, reported that even though the problem of childhood malnutrition 

is complex, a few factors contributing to alleviate the problem are food security, 

right kinds of food, nutritional education for families, immunizations for children, 

fortification with iodine, iron and vitamin A, and paying particular attention to the 

nutritional needs of young and mature women. The latter point is critical since 

chronically undernourished women tend to bear low-birth weight babies, thereby 

perpetuating the vicious cycle of undernutrition. Basic nutritional requirements do 

not decrease with age, but it is the nutritional status of children that is the most 

relevant indicator of health and well being for both the individual and the 

population level (UNICEF, 2009).  

Even though hunger might be categorized as a world epidemic, having 

just something to eat daily is not the response to the social problem. It is 

necessary to provide nutritional, value-added food to end the cycle of starvation, 

poverty and underdevelopment of societies. Fortified foods have been thought to 

be the solution to alleviating nutritional deficiencies (Saleh, 2009).  However, a 

critical element is the food-vehicle of such fortification. Fortification should be 

delivered in foods that can be frequently consumed and have palatable 
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acceptability. Only with these characteristics will food fortification in food aid 

achieve its objective.  

The success of a food product in the market place is based on numerous 

attributes of the product itself as well as the “value added” factor.  Nutritional 

products for food aid are not an exception to this concept.  It is important when 

developing a product that the research and development process take into 

account the sensorial perception responses of potential consumers.  Sensorial 

analysis is an area that has gained notable interest in the food industry.  Many 

industries are currently using “electronic noses,” equipment that is extraordinarily 

sensitive to volatile compounds changes in food items due to variations in 

formulas of flavoring, coloring, and texturizing agents.  In 1945, Marcuse, from 

the Bureau of Human Nutrition and Home Economics of U.S. Department of 

Agriculture stated “Although more and more physical and chemical criteria are 

being devised for testing foods, the human senses of taste and aroma remain the 

most important factors in determining the flavor, texture, aroma, and odor of food 

products” (p. 214). 

Non-profit organizations dedicated to the manufacturing of food items to 

be used at different institutional levels would present more solid arguments for 

grant requests if they accompany their proposal with data supporting the 

acceptance of proposed products.  Products in the development division of 

governmental programs which do not have acceptance by the beneficiary groups 

lose functionality when the target population refuses to eat them because the 



Texas Tech University, Elbia Galo, August 2010 

 

5 

 

product is unappealing to their sensorial preferences. Humanitarian food 

distributed to vulnerable groups should not be excluded from taking into account 

cultural preferences of general appearance, aroma and taste of the target 

populations.  The United States Agency for International Development Food for 

Peace guidelines for Food for Education programs, 2006, include as criterion for 

a commodity selection requirement the “cultural acceptability, including taste 

preferences, traditional taboos, and local practices of the target population or 

group that will affect food use and consumption” (USAID, 2006, para. 19). This 

requirement should be generalized and enforced in the current food aid programs 

as an assurance of meeting the nutritional goals that form part of such programs. 

The purpose of this study was to assess the acceptability of newly 

developed functional-fortified powdered drinks based on the probabilistic sensory 

analysis of their sweetness, mouthfeel, color, and aroma; the study adapts a 

modified Knowledge Value Chain model to the process of research and 

development of the new products, and determines the shelf life of the product.
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Definitions

Breedlove Foods Incorporated: A hunger relief based non-profit, dedicated to 

producing shelf-stable food aid items to help enhance mission work and bring 

assistance in disaster situations, and partnering globally to provide nutritious food 

to the world's most vulnerable (www.breedlove.org). 

 

Food aid: international sourcing of concessional resources in the form of, or for 

the provision of, food (World Food Progamme). 

 

Food security: when all people at all times have access to sufficient, safe, 

nutritious food to maintain a healthy and active life (WHO. 1996). 

 

Functional Foods: Those foods that encompass potentially healthful products 

including any modified food or ingredient that may provide a health benefit 

beyond the traditional nutrients it contains (Medical dictionary). 

 

Hedonics: Is defined as the science of pleasure. A hedonic scale is one 

indicating pleasure and displeasure (Oxford English Dictionary). 

 

Knowledge Value Chain Model: sequence of intellectual tasks by which 

knowledge workers build their employer's unique competitive advantage and/or 

social and environmental benefit (Wong, 2004). 

http://en.wikipedia.org/wiki/Knowledge_workers
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Legumes: Any of thousands of plant species that have seedpods that split along 

both sides when ripe. Some of the more common legumes used for human 

consumption are beans, lentils, peanuts, peas, and soybeans. Pulses are the 

dried seeds of a legume. 

 

Product Development: Creation of products with new or different characteristics 

that offer new or additional benefits to the customer. It may involve modification 

of an existing product or its presentation, or formulation of an entirely new 

product that satisfies a newly defined customer want or market niche 

(www.businessdictionary.com).  

Probabilistic sensory analysis: Sensory analysis or sensory evaluation is a 

scientific discipline that applies principles of experimental design and statistical 

analysis to the use of human senses (sight, smell, taste, touch and hearing) for 

the purposes of evaluating consumer products. The discipline requires panels of 

human assessors, on whom the products are tested, and recording the 

responses made by them. By applying statistical techniques to the results, it is 

possible to make inferences and insights about the products being tested 

(www.reachinformation.com/define/Sensory_analysis.aspx).  

Sensorial Evaluation: Scientific discipline used to evoke, measure, analyze, and 

interpret reactions to the characteristics of food and materials as they are 

http://www.businessdictionary.com/definition/product.html
http://www.businessdictionary.com/definition/characteristic.html
http://www.businessdictionary.com/definition/offer.html
http://www.businessdictionary.com/definition/benefit.html
http://www.businessdictionary.com/definition/customer.html
http://www.businessdictionary.com/definition/modification.html
http://www.businessdictionary.com/definition/presentation.html
http://www.businessdictionary.com/definition/want.html
http://www.businessdictionary.com/definition/market-niche.html
http://www.businessdictionary.com/
http://en.wikipedia.org/wiki/Science
http://en.wikipedia.org/wiki/Experimental_design
http://en.wikipedia.org/wiki/Statistical_analysis
http://en.wikipedia.org/wiki/Statistical_analysis
http://en.wikipedia.org/wiki/Sense
http://en.wikipedia.org/wiki/Sight
http://en.wikipedia.org/wiki/Olfaction
http://en.wikipedia.org/wiki/Taste
http://en.wikipedia.org/wiki/Touch
http://en.wikipedia.org/wiki/Hearing_%28sense%29
http://en.wikipedia.org/wiki/Inferences
http://en.wikipedia.org/wiki/Insights
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perceived by the senses of sight, smell, taste, touch, and hearing (Sensory 

Analysis [power point slides]. Retrieved from http://www.homeeconomics.ie). 

 

Stunting: having a height (or length)-for-age more than 2 standard deviations 

below the median of the NCHS/WHO international reference. Indicator of chronic 

undernutrition; the result of prolonged food deprivation and/or disease or illness 

(low height for age) (World Health Organization). 

 

Undernutrition: the outcome of insufficient food intake and repeated infectious 

diseases. It includes being underweight for one‟s age, too short for one‟s age 

(stunted), dangerously thin for one‟s height (wasted), and deficient in vitamins 

and minerals (micronutrient malnutrition) (UNICEF). 

 

Value Chain: The sequence of activities that a firm undertakes to create value, 

including the various steps of the supply chain but also additional activities, such 

as marketing, sales, and service (www.businessdictionary).  

 

Wasting: Indicator of acute undernutrition, the result of more recent food 

deprivation or illness (low weight for height) (World Food Programme).
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Chapter II  

Review of Literature 

The review of the literature summarizes information pertaining to 

nutritional needs of underserved populations, international policies and efforts to 

address hunger worldwide, current trends in product development aiming to meet 

nutritional needs of malnourished populations, sensory evaluation, the 

knowledge value chain as a model for research and development of food 

products, and accelerated shelf-life test.  

 

Needs of Underserved Populations 

A fundamental concept used to describe global hunger is the concept of 

food security.  Food security is broadly defined by the United States Agency for 

International Development (USAID) as “having at all times, both physical and 

economic access to sufficient food to meet dietary needs for a productive and 

healthy life” (USAID, 2010, para. 2).This definition further notes that “three 

distinct variables are central to the attainment of food security: availability, 

access, and utilization.” These variables are interrelated (Salaam-Blyther & 

Hanrahan, 2009).  

Important statistics offered by the primary source of the U.S. Department 

of Agriculture (USDA), Economic Research Services (ERS), reported that a 

slowdown in global economic growth along with increases in food and a fuel price 

contributes to an ongoing deterioration in global food security. According to 
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Meade and Shapouri, 2006, these situations will negatively affect many 

developing countries already suffering from food insecurity. Rosen and Shapouri 

stated: 

In addition to the negative effect of the slowdown on global economic 

growth, the food distribution gap (the amount of food needed to raise 

consumption of each income group to the nutritional requirement) was 

estimated to be about forty-four million tons for 2007. This number 

represents almost three times the average national-level gap (the amount 

of food needed to meet the nutritional requirement at the aggregate, 

national level).  By 2017, the distribution gap is projected to increase to 

more than fifty-seven million tons. This is more than seven times the 

amount of food aid received by seventy countries in 2006. (Rosen & 

Shapouri, 2001, p.1).  

 

The disproportioned amount of food aid needed in comparison with the 

amount of food aid being distributed make necessary a re-evaluation of the 

elements involved in food aid.  It is necessary a better understanding of 

intergovernmental problems or political problems at the interior of a nation.  A 

diplomatic approach is needed to reach agreement in the humanitarian essence 

of the assistance provided. Even more important, it is necessary to develop 

sensitivity to needs of the underserved populations.  
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Historically, the focus on food aid has been the insufficient amount of food 

delivered for the 1.2 billion of starving people in the world. However, a greater 

problem is found in the delay response of delivering the food aid. In July 2005, 

images of starvation in Niger, Africa, impacted the Western world.  Such 

conditions of starving children were particularly reprehensible. Food shortage 

had been announced a year before without initiating a response that would have 

prevented the famine. Another example of slow reaction by the international 

community occurred in Malawi in May 2001 after an unsuccessful harvest. In 

2002, the Malawi people suffered extensive starvation.  In the year 2000, 

Ogaden, Ethiopia was affected by a severe drought that destroyed 90% of the 

region‟s crops and led to the death of a large proportion of the livestock, which is 

devastating for a pastoral region.  Food aid is increasingly used to address 

situations that grow into emergencies because of the lack of early assistance or 

due to the lack of an effective method to address widespread poverty and chronic 

food insecurity (Mousseau, 2005). The food aid programs and food aid 

distribution methods are not being efficient.  Food aid, even if it cannot be 

provided to offer food security to starving nations, could be effective when the 

food offered is timely delivered and count with high acceptability from the target 

populations. 

The importance of food assistance can be assessed by the fact that it 

provides life-saving support in emergency situations. In addition, food aid or food 

assistance compensates for the lack of food in communities with reduced or non-
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existent economical resources. Since the beginning of food aid programs, the 

majority of food aid has consisted of cereal grains: wheat, maize, rice and other 

commodities (Lowder and Raney, 2005).  Figure 1 shows the amount of global 

food aid by commodity type from 1970 to 2003. Even though   non-cereal 

products have been incorporated into food aid, cereals are still the highest 

percentage of food designated to food assistance programs.  

 

 
 

The majority of food aid by weight is provided by the United States. Since 

1970, the U.S. has contributed an average of six million tons of cereal food aid 

annually and has been the source of 50% to 60% of total cereal food aid. Other 

major donors in decreasing order of importance are the European Community, 

Japan, Australia, and Canada (Lowder and Raney, 2005). Figure 2 shows the 

levels of cereal food aid shipment by donor.  

 
Source: FAOSTAT 

Figure 1 Global Food Aid by Commodity Type 1970 – 2003 
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The amount of food aid distributed to different geographic areas in the 

world might seem sufficient and even abundant.  However, according to recent 

data, about seventy percent of child mortality in developing countries is due to 

five conditions: diarrheic diseases, acute respiratory infections, malaria, chicken 

pox, and malnutrition (FAO, 2005). There is evidence that even benign forms of 

malnutrition increase the possibility of mortality among children. This makes 

malnutrition one of the most important public health problems among developing 

countries. Health programs must include interventions in order to reduce 

malnutrition and, consequently, reduce the morbidity and mortality rate among 

people.  Furthermore, nutritional interventions must be incorporated along with 

activities of home health, community, and government services, since 

           Source: FAOSTAT, INTERFAIS 

Figure 2 Levels of Cereal Food Aid Shipments by Donor 1970-2003 
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malnutrition not only increases mortality rate but also leads to stunting (Salaam-

Blyther & Hanrahan, 2009). 

In the 1970s, J. C Waterlow introduced the term “stunting,” which 

describes the linear growth retardation in children resulting in children being very 

short for their age as a result of prolonged nutritional deprivation combined with 

repeated infections. Stunting, also known as chronic malnutrition is considered a 

very serious type of malnutrition because it develops slowly over time before it 

becomes evident. When the majority of children in a community are stunted, the 

problem may not be noticeable without height measurement matched against 

age. Epidemiological data can be used to identify which of the nutritional patterns 

needs to be evaluated in order to determine the efficacy of an intervention 

program (FAO, 2004). In West Kiang District, in Gambia, young children have 

repeated infectious episodes with retarded growth followed by inadequate catch-

up growth (Charlton and Rose, 2001). This situation is present despite the 

access to medical care. The retardation in growth causes the children to become 

gradually stunted during the first two years of life and to remain stunted through 

childhood and adulthood (Ababa, 2008).  However, if nutritional supplementation 

is provided, it is possible that stunting can be reversed during infancy and even 

during late childhood to a lesser degree (FAO, 2004). This affirmation suggests 

that catch-up growth is not achieved because of the late implementation of 

nutritional interventions.   
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In 1983, the prevalence of stunting in children under five-years of age in 

developing countries was estimated at approximately 40%, yielding a total of 125 

million children. These values were obtained using national prevalence values 

(UN, 2010). Ten years later, in a report issued by the World Health Organization 

(WHO), the prevalence was reported to be forty-three percent.  A total of 230 

million children were identified as being stunted worldwide (Lowder and Raney, 

2005). These figures illustrate the magnitude of the problem of stunting in 

children and justify the attention placed on the problem. Figure 3 shows the 

irreversibility of child growth failure in Africa, Latin America and the Caribbean, 

and Asia.  An early nutritional intervention during the first two years of life for 

these children could reverse stunting. This critical period is also shown as circled 

in Figure 3. 

 

  

Figure 3 Irreversibility of Child Growth Failure Ages 6-18 Months 

 



Texas Tech University, Elbia Galo, August 2010 

 

16 

 

Regardless of the fact that catch-up in height is a slow process, an extra 

intake of approximately five to ten percent of both energy and protein should, in 

most cases, cover the need for catch-up growth (UN, 2008). However, less 

attention has been given to the type of energy fuel (fat vs. carbohydrates) 

needed for optimal growth. Evidence suggests that low dietary fat content has an 

negative effect on growth, but it is not clear whether this is due to the low energy 

density of the low fat diet which results in reduced energy intake (UN, 2004). 

Numerous studies support the concept of an inadequate fat supply in 

children.  Gain in body weight associated with growth includes an increase in 

both lean body mass and fat mass (UN, 2008).  Recent studies suggest that the 

novo fat synthesis from glucose is a minor metabolic pathway in human adults. 

There is no evidence of a net gain of fat from carbohydrates, except during 

massive carbohydrate overfeeding. This means that, under normal conditions, 

lipids deposited in adipose tissue are mainly of dietary origin. The energy spent 

synthesizing new tissue components arises in part from fat oxidation (UN, 2004). 

Figure 4 shows the trends in diet composition and total per capita calorie 

consumption in developing countries between 1964 and 1999 and projections for 

the year 2030 (Lowder and Raney, 2005). 

Figure 4 show that total caloric intake in developing countries had a 

tendency to increase over time. The increment of caloric intake leads to obesity, 

which is another form of malnutrition. Nutritional intervention requires repeated 

measurement of nutritional status to assess severity and to track progress over 
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time (Bray, n.d.). Nutritional status includes the balanced presence of vitamins 

and micronutrients in the diet. The deficiency in vitamins and micronutrients has 

a negative impact on children‟s health. Numerous studies show the association 

of vitamin and micronutrient deficiencies with a decreased immune response, 

which is reflected in an increased frequency of respiratory and digestive 

infections along with alterations in cognitive abilities (Bhan, 2001). 

 
 

Figure 4 

Trends in diet Composition and total per Capita Calorie Consumption in 
Developing Countries between 1964 and 1999, and Projections for 2030 
 



Texas Tech University, Elbia Galo, August 2010 

 

18 

 

One country that serves as an example of the long-term effects felt by 

deficiencies in children‟s diet is Mexico. In Mexico, the Second National Survey 

of Food in Rural areas of 1989 determined that there was a deficiency in the 

intake of iron, vitamin E, Vitamin B12, niacin, retinol, and ascorbic acid. Iron 

deficiency is common worldwide. Research indicates that Mexico has a 

prevalence of anemia due to iron deficiency of fifty percent among children six to 

thirty-six months of age and can be corrected with iron supplementation (Dary, 

2002). Anemia caused by iron deficiency is associated not only with a decreased 

resistance to infections but also with growth retardation and retardation in 

cognitive development. These negative effects are irreversible even when the 

deficiency is corrected (Allen, Benoist, Dary, & Hurrell, 2006). 

Clearly, malnutrition increases morbidity and mortality and affects physical 

growth and development (Bhan and Strand, 2001).  It is evident that some of 

these effects are the result of specific nutrient deficiencies. A generalized 

agreement exists within the scientific community, supporting food-based 

approaches as a long-term strategy for improving nutrition. One of these 

approaches is micronutriture, particularly with vitamin A.  An example of 

fortification with vitamin A is the fortification of maize and sugar, which is 

currently being explored in some countries. Other innovations include egg 

promotion in Indonesia and genetic modifications of staple foods to enhance 

vitamin A bioavailability (Bhan and Strand, 2001).   
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Following the Conference on Nutrition, sponsored by the Organization of 

Food and Agriculture, recommendations were made that fortification of food with 

vitamins and minerals be implemented worldwide in order to prevent deficiencies. 

Vitamin A, iron and iodine were identified as essential nutrients needed to 

combat malnutrition (FAO, 2004). 

 

Food Fortification in Research and Product Development 

Food fortification is used by the food industry as a means to help protect 

consumers from diseases associated with nutritional deficiencies. Chaudhari, 

2007, affirms the new role of fortification is not only to protect against deficiencies 

but also alter foods for maximum health benefit.  It is possible to argue then that 

food fortification plays an important role, not only as a protection to underserved 

populations but to the population in general.  

Every day, advertising helps to create awareness of the need of 

micronutrients (minerals and vitamins) that help to keep a good health. New 

products emerge everyday focusing only on the need of micronutrients 

supplementation.  The marketplace is focusing on another sector of consumers: 

elderly people. In the U.S. alone, baby boomers are presenting the market place 

with special needs. These consumers tend to have health problems such as high 

blood pressure, high cholesterol, and diabetes (Przybyla, 2006). 

Fulfilling the market needs of baby boomers requires careful application of 

science and technology in the development of new products. Food is evolving 
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from the traditional three-meals-a-day to individual meal solutions, such as 

single-serve bars and beverages. Since most vitamins cannot be synthesized by 

the body and must be supplied by the diet, processed foods are often enriched 

with vitamins and minerals. In addition, some vitamins also serve as functional 

additives in food products. For example, ascorbic acid and tocopherols are used 

to prevent oxidation; carotenoids are used as colorants in dairy products, baked 

goods and beverages (“Product Development Focus: Fortification,” 2009).    

Currently, the U.S. Code of Federal Regulations requires that 

manufacturers enrich cereal-grain products with five nutrients: iron, thiamin (B1), 

riboflavin (B2), niacin (B3), and folate (B9).  Enrichment with calcium and vitamin 

D may be added on an optional basis (FDA, 2009). 

A study by the Institute of Grocery Distribution (IGD) concluded that 

people in the United Kingdom have inadequate intake of vitamins including A, D, 

B2, and mineral iron. This situation represents a unique business opportunity for 

manufacturers through the addition of extra minerals and vitamins to their 

products (Daniells, 2008).  Food aid manufacturers also have a segment of the 

population in need not only of fortified foods but food that offer added health 

benefits. The prolonged deprivation of an adequate diet has derived in the 

presence of some serious health problems among underserved populations. For 

example, the deficiency of some vitamins such as those of the vitamin B complex 

causes problems in the metabolism and digestion, the nervous system, the 

regulation of cholesterol, the mental health, birth defects, and stillbirths among 
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others. Underserved populations are deprived from the necessary macro and 

micronutrients to keep a good health. 

The World Health Organization maintains that while public health efforts 

must be targeted to improve dietary intake in children through breast-feeding and 

appropriate complementary feeding, additional measures are necessary to 

improve nutrition (WHO, 2002). When deficiency is shown to cause unacceptable 

and adverse effects in a large segment of the population, intake of specific 

nutrients is recommended.  In addition to fortification of foods, another segment 

of the industry that seeks to provide a benefit through specific food ingredients is 

the one called nutraceuticals. Nutraceuticals are products isolated or purified 

from foods products and are generally sold in medicinal forms not usually 

associated with food products. It is estimated that currently 35% of all new 

product introductions derived from consumers‟ demands in the U.S. focus on 

health (“Product Development Focus: Fortification,” 2009).    

 

Advantages of Food Fortification 

Fortification of food with vitamins and minerals can be an effective way to 

fight micronutrient deficiencies in developing countries. Fortification of food aid 

aims to contribute to the micronutrient intake of vulnerable groups, in particular 

young children and pregnant and lactating women (Allen, 2006).  In addition 

more attention is currently being given to expanding the role of food aid in 

meeting the full nutrient needs of displaced people in emergency situations.  
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Fortification of food aid was included in the “World Plan of Action for Nutrition” in 

1975.  Food aid plays an integral part of many development programs. It is 

estimated that approximately sixty percent of the total developmental budget of 

the United States is allocated to food aid. Food aid is a key element of the 

European Union development policy (Allen, 2006). 

Attention to the micronutrient quality of food is not new. Vitamins A and D 

have been added to non-fat dried milk powdered used as food aid for many 

years. When shortages of non-fat milk occurred in the mid-sixties, fortified 

formulations were created for supplementary blends (oatmeal, nonfat dry milk 

powdered, soy flour, wheat flour) especially for young children (Daniells, 2008). It 

was understood that there was a need to provide sufficient amounts of 

micronutrients in early childhood. The initial blended foods developed were corn-

soy-milk (CSM) and wheat-soy-milk (WSM) (Salaam-Blyter & Hanrahan, 2009).  

Currently, enriched food aid commodities provided through the World Food 

Programme (WFP) include blended foods such as corn soy blend, processed 

cereals (including wheat flour, corn meal, soy-fortified processed cereals), high 

protein biscuits, vegetable oil, dry skim milk powdered, and iodized salt (WFP, 

2007). 

Food fortification cannot be considered a universal panacea in alleviating 

nutritional deficiencies, but it is important in the short-term solution.  In refugee 

feeding programs, fortification plays an important role in reducing the risk of 

micronutrient deficiencies (Allen, 2006). 
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Disadvantages of Food Fortification  

Some of the main concerns of food fortification are related to technical and 

distribution problems and the lack of adequate legislation and effective control 

systems for the fortification process.  A report from the Food and Agriculture 

Organization and the World Health Organization explains that some studies on 

nutrient stability have indicated that poor blending of the premix into the 

processed cereal may be responsible for varying levels of micronutrients in the 

final product. In addition to analyzing micronutrient content, monitoring the 

moisture content of fortified commodities is also important to assess the potential 

for loss of micronutrients. Low moisture content in foods retards the loss of 

micronutrients, prevents spoilage caused by bacteria, molds and insects, but can 

negatively changes the flavor and color of foods (Allen, 2006).  

Specific problems associated with fortification of food aid commodities 

include difficulties in making decision about how much of nutrients should be 

added to a food, multiple nutrient deficiencies in populations, micronutrient 

stability, cost issues, food control and quality, and coordinated collaboration 

among governments, manufactures and consumer groups among others (FAO, 

n.d.). 

An additional problem of food fortification is the unknown consumption 

levels of various food aid commodities. Estimates of actual intake of the various 

fortified commodities are needed to better determine acceptable and safe levels 

of various fortificants. Usually, consumption of food aid commodities is made on 
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assumptions (Allen, 2006).  An added problem is the lack of information 

regarding nutrient stability for specific food aid commodities. Nutrient stability 

information includes storage conditions, relative humidity conditions, and 

methods of preparation. Studies conducted on nutrient stability and interactions 

and sensory evaluations are limited for fortified food aid commodities. Health 

problems of food aid recipients represent another problem.  

Existent health problems found in food programs beneficiaries require 

attention to the type of nutrients delivered.  Increased rates of parasitic infections 

and other infections and illnesses compromise the nutritional status of 

beneficiaries and also reduce the absorption and availability of added nutrients.  

Bioavailability issues affect the selection of the most appropriate fortificant. An 

even more crucial problem with fortification is the cost associated with delivering 

micronutrients through processed fortified food commodities. Even though the 

cost of fortificant ingredients is relatively low compared to the overall cost of 

processed cereals, it is necessary to add the costs of packaging, labeling, and 

handling, and appropriate quality control measures (FAO, 2004).  The re-

evaluation of food aid should focus efforts in offering food that provide fortification 

and added health benefits to increase the rate of success of nutritional 

interventions. 
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Functional Foods 

The term functional foods was first introduced in Japan in the mid 1980s, and it 

refers to processed foods containing ingredients that aid specified bodily 

functions in addition to being nutritious (Osawa, 1998). Japan is the only country 

that has specified regulatory approval processes for functional foods. The term 

functional implies that the food has some identified value leading to health 

benefits, including reduced risk for disease for the person consuming it.  Despite 

the absence of a definition reached by any consensus, functional foods will 

continue to have a major impact on the American and international food supply 

(Clydesdale, 2004).  

Presently, a trend of the food industry is the production of fortified foods 

that also provide physiological benefits to the consumer. Foods with these 

characteristics are known as functional foods. The knowledge of the role of 

physiologically active food components from both plants and animal sources has 

dramatically changed the role of diet in health. The development of functional 

foods has evolved as food and nutrition science have advanced beyond the 

treatment of primary deficiency syndromes. Functional foods are not yet defined 

under current U.S. food regulations. They are understood to be any potentially 

healthful food or food ingredient that may provide a health benefit beyond the 

traditional nutrients (Shaver & Weinrib, 2006). 

The current consumers‟ demand for healthy food or food with added 

health benefits has motivated the industry to respond by providing more healthy 
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food choices. The variety of functional foods that are currently available to 

consumers has grown massively. Functional foods account for an increasing 

percentage of all new food products (Clydesdale, 2004). 

 

Legumes 

Legumes may be considered a functional food.  Soy is one type of legume 

that was in the in the spotlight during the 1990s.  Soy is high in quality protein 

and it is believed to play a preventive and therapeutic role in cardiovascular 

disease, cancer, osteoporosis, and the relief of menopausal symptoms (UIUC, 

2009). The cholesterol-lowering effect of soy is the most well documented 

physiological effect.  The exact mechanism by which soy exerts the cholesterol 

reducing effect has not yet been fully established. On August 1998, the FDA 

accepted a petition from Protein Technologies International for a health claim on 

soy protein containing products pertaining to a reduced risk of coronary heart 

disease (FDA, 1999). 

According to the World Initiative for Soy in Human Health (WISHH), 

Kenya, Haiti, Honduras, Mozambique, and Senegal, among a few other 

countries, were receiving U.S. soy assistance through the WISHH program. This 

program was established in 2000 in order to promote the use of U.S. soy protein 

products for food-aid programs in developing countries where deficiency of 

protein is a serious problem. The program is seen as an advantage for all 

involved.  The World Initiative for Soy in Human Health helps grow the demand 
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for US soybeans while providing nourishment to some of the 800 million people 

in the world suffering from malnutrition (www.WISHH.org).  The World Initiative 

for Soy in Human Health program targets three populations at risk for 

malnutrition: pregnant women and women with small children, school children, 

and people living with HIV/AIDS.  An analysis of the global demand for protein by 

the National Soybean Research Laboratory projects an “explosive growth in 

demand” in Asia, Africa and South America over the next two decades 

(www.WISHH.org).   

Other health benefits have been attributed to whole food products such as 

soy-based products. Many of the proposed health benefits of soy-based products 

are attributed to its isoflavone content, primarily the aglycones genistein and 

diadzein. Some of the benefits attributed to soy products include the reduction of 

the risk of coronary heart disease; the reduction of some forms of cancer and the 

positive impact in bone density (Wong, Emery, Preedy, and Wiseman, 2008).  

Numerous studies on soy and soy products support their many and diverse 

health benefits. Maher, 2006, declared that soy in the diet improves metabolic 

syndrome symptoms, a condition characterized by central obesity, hypertension, 

and disturbed glucose and insulin metabolism. The syndrome has been linked to 

increased risks of both Type 2 diabetes and cardiovascular disease. Different 

studies show more evidence that soy isoflavones boost bone health (Maher, 

2006). In addition, the presence of an active substance called phytoestrogens 

has a role in cancer prevention, in slowing down the aging process in peri-
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menopausal women, and in hormone replacement therapy (Hughes, 2006). 

Other benefits of isoflavones include mood improvement and mental function 

(Mintel‟s Global New Products Database, n.d.). 

Researchers at the University of Illinois at Urbana-Champaign (UIUC) 

found that the soy isoflavone genistein may reduce a baby‟s susceptibility to 

rotavirus infections by as much as 74%. The study, published in the September 

2007 Journal of Nutrition exposed cells in culture to rotavirus in both the absence 

and presence of soy isoflavones.  According to the researchers, the results could 

present soy isoflavones as a potential alternative to expensive rotavirus vaccines 

that are inaccessible to poorer families.  Sharon Donovan, professor of Nutrition 

at UIUC, stated “It‟s exciting to think that the isoflavones in soy formula could be 

a cost-effective nutritional approach to decreasing the incidence and severity of 

rotary virus infections, especially among children in developing countries who are 

most at risk” (UIUC, 2007). 

 

Grains 

In addition to considering insufficient food intake a cause of undernutrition, 

it is necessary to consider the intake of healthy food products in order to prevent 

serious illnesses and physiological disorders. Patton, 2006, comments that the 

US Food and Drug Administration (FDA) had ruled that products containing 

wholegrain barley and barley-containing products could claim that they reduce 
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the risk of coronary heart disease. The ruling is an extension of a petition 

submitted by the National Barley Foods Council in 2004.  

At the time of this study, soluble fiber from whole-grains was receiving 

attention from consumers and the food industry, even more than insoluble fiber. 

In his article, Patton, 2006, stated “research shows that although the insoluble 

fiber market was worth $176.2 million in the US during 2004, compared with 

$16.6 million for soluble fiber, the latter is expected to increase by almost twice 

the compound annual growth rate of insoluble fiber to 26.3% in 2011” (Patton, 

2006, para. 4). In addition, Patton comments that the growth is being motivated 

by research showing that soluble fiber prevents the peaks and lows in blood 

sugar levels, which contribute to the risk of Type-2 diabetes and which also 

encourage snacking. Other studies show that soluble fiber can reduce 

cholesterol levels, a contributor to coronary heart disease.   

Two grains of particular interest as functional foods are barley and oats. 

Densie Webb, 2006, includes in her article “Take Five: Easy Ingredients That 

Add Extra Nutrition” that barley is rich in soluble fiber and a proven cholesterol-

buster. In addition, Dr. Webb states that barley is a valuable source of iron, 

potassium, zinc, and selenium.  Both barley and oats contain -glucans, which 

are important for lowering blood cholesterol. Oat products are a widely studied 

dietary source of the cholesterol-lowering soluble fiber -glucan.  In addition, oats 

provide lipids that provide a natural source of antioxidants (Faraj & Hoover, 

2003). There is now significant scientific agreement that consumption of this 



Texas Tech University, Elbia Galo, August 2010 

 

30 

 

particular plant food can reduce total and low-density lipoprotein (LDL) 

cholesterol, thereby reducing the risk of coronary heart disease (CHD). For this 

reason, the FDA awarded the first food-specific health claim in January 22, 1997 

that reads “soluble fiber from oatmeal, as part of a low saturated fat, low 

cholesterol diet, may reduce the risk of heart disease” (FDA, 1999). 

There are some similarities in oats and barley‟s chemistry: both contain 

proteins worth attention.  Barley, though, presents itself as an attractive 

commodity because of its low cost. However, barley has been used primarily as 

an energy and protein source in cattle diets and as a primary feed ingredient in 

the swine industry (Bellego and Noblet, 2001). Only recently, have food 

producers directed their attention to this commodity for human consumption. 

The maximum potential for functional foods still required extensive 

scientific research to ensure the safety and efficacy of these products. Basic 

research is necessary to identify the entire range of potential functional foods, 

from new roles for traditional nutrients to currently unidentified bioactive 

components to nutrigenomics applications (“Opportunities and Challenges for 

Developing Functional Foods,” n.d.).  

Development of functional food products will continue to grow as 

consumer demand for healthful products increases.  Factors contributing to this 

reshaping of the food supply include the aging population, increased health care 

costs, self-efficacy, autonomy in health care, and an awareness and desire to 

enhance personal health, advancing scientific evidence that diet can alter 
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disease prevalence and progression, and most importantly, changes in food 

regulation (Foulds, 2007). 

Functional foods offer added health benefits to their consumers.  Food aid 

needs to reshape itself and include fortified-functional products in food aid 

programs. Underserved populations are not only starving they carry multiple 

health problems. 

 

Food Distribution Systems and Value Analysis 

The term “food system” is used frequently in discussions about nutrition, 

food, health, community economic development and agriculture. The food 

system includes all processes involved in keeping humans fed: growing, 

harvesting, processing, packaging, transporting, marketing, consuming and 

disposing of food and food packages. It also includes the inputs needed and 

outputs generated at each step. This description was adapted from “A Primer on 

Community Food Systems: Linking Food, Nutrition and Agriculture”, n.d. 

The food system operates within and is influenced by social, political, 

economic and natural environments. Each step is also dependent on human 

resources that provide labor, research, and education.  A community food system 

is a food system in which food production, processing, distribution, and 

consumption are integrated to enhance the environmental, economic, social, and 

nutritional health of a particular place. Based on this definition, food aid programs 

are part of a community food system (“From farm to fork”, n.d.).The importance 
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of a community food system classified as food assistance programs is that they 

provide life-saving support during emergency situations and compensate for the 

lack of food in communities with reduced or nonexistent economic resources.  

Food aid is also unique in the way in which it is distributed. Figure 5 shows a flow 

chart with the typical food aid classifications by the three major modes of 

distribution: program, project and emergency.  Another visualization of a food aid 

distribution mode is shown in Figure 6. 

 

 
 
 
 

 

 

 

 

 
 

Source: Lowder, 2004b 

 

Figure 5 Food Aid Classified by Distribution Mode 
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Figure 6 Cereal Food Aid by Distribution Mode 1978-2003 

 

Food aid may be characterized by the inclusion of different factors: the 

commodity type of food distributed, donor of the aid, recipients of the food, the 

mode of distribution, terms of provision, level of monetization, mode of 

procurement, level of targeting and the way in which it is channeled. The majority 

of food aid has consisted of cereal grains; wheat is the most typical commodity 

followed by maize, rice and other commodities (Lowder and Raney, 2005).   

Perhaps the most important difference in food aid is the way in which it is 

distributed. Typically, food aid is integrated by the three major modes of 

distribution: program, project, and emergency. Program food aid is either 

donated or sold at a concessional price to the government of a recipient country, 

which then sells the food on the market (Lowder and Raney, 2005). Project food 
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aid, in contrast, is food that is distributed for free or in exchange for work to 

participants in programs typically run by non-governmental organizations or the 

World Food Programme (WFP) that intend to promote agricultural or economic 

development. Examples of project food aid include food for work, school feeding, 

and mother-child nutrition centers. Finally, emergency food aid is distributed to 

the food insecure in times of crisis such as war or famine (Lowder and Raney, 

2005). 

All project and most emergency food assistance are provided as a grant; 

program food aid is frequently sold at a concessional price (greater than zero) 

and/or with concessional financing to recipient governments instead of being 

provided on a full grant basis. Food aid may be channeled or transferred from the 

donor to the organization that distributes it by means that are either multilateral 

(WFP), bilateral (government to government or through a Non-governmental 

organization (NGOs) (Lowder and Raney, 2005). 

 The World Food Programme (WFP) in 2005a declared that humanitarian 

food aid is important to the immediate access to food of many who suffer from 

hunger, but is far from reaching the more than 800 million hungry people in the 

world. Furthermore the size of rations falls short of the 182.5 kg that WFP 

estimates necessary to fulfill daily caloric requirements of 2,100 kcal. This is 

partly because in some cases recipients have other sources of food, but it may 

also indicate that the volume of food aid per recipient is modest or even 

inadequate (Lowder and Raney, 2005).  
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For many of the world‟s population, the growing integration of the global 

economy has provided the opportunity for substantial economic and income 

growth.  For developing countries, sustained economic growth is the essential 

element to address their poverty and social inequality. Table 1 shows the 

changes in the share and number of people living on one dollar a day. 

 

Table 1  
 
Changes in the Share and Number of People Living on $1 a Day Worldwide 

Region Percentage Number of Poor 
in Millions 

 1990 1999 1990 1999 

Sub-Saharan Africa 47.4 49.0 241 315 
East Asia & Pacific 30.5 15.6 486 279 
East Asia & Pacific-excluding China 24.2 10.6 110 57 
South Asia 45.0 36.6 506 488 
Latin America & Caribbean 11.0 11.1 48 57 
Central & Eastern Europe & CIS* a 6.8 20.3 31 97 
Middle East & North Africa 2.1 2.2 5 6 
Total b 29.6 23.2 1292 1169 
Total-excluding China b 28.5 25.0 917 945 

Notes: a Changes measured using the $2 a day poverty line, which is considered a more 
appropriate extreme poverty line for this region. 
*CIS: Commonwealth of Independent States. 
b Data are based on the $1 a day poverty line for all regions. 
Source: UNDP 2003 

 

Given these statistics in level of poverty at a global level, it is reasonable 

to say that even if food is available the lack of economic means to buy food 

creates also food insecurity. Food aid then, requires new products that provide 

the required nutrients at a low cost. Food aid manufacturers have to incorporate 

the finished cost element in their products designs. Other that the nutritional 
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benefit of fortification and the inclusion of functional ingredients in the products 

presented in this study, achieving a final low cost of the products was also 

considered.  

In order to fight hunger, nutritional interventions have been designed. 

International food aid is the global nutritional intervention that intends to provide 

food engineered in such a way that it supplies the nutrients in which specific 

populations are deficient.  Product development is fundamental to achieve this 

goal. 

 

New Product Development 

New product development (NPD) involves the complete process of 

bringing a new product or service to market. This process includes the idea 

generation, product design and detail engineering, and at the same time includes 

market research and marketing analysis. Companies typically see new product 

development as the first stage in generating and commercializing new products 

within the overall strategic process of product life cycle management used to 

maintain or grow their market share. In the industry, an intrinsic process known 

as value chain accompanies the product design. 

Traditional value chain is the series of steps that transform raw materials 

into finished good that present an added value to consumers. However, industry 

is using a different concept that could be applied to solve problems or to structure 

projects whether in manufacturing, commercial relationships, financial, or even 

http://en.wikipedia.org/wiki/Product_%28business%29
http://en.wikipedia.org/wiki/Product_design
http://en.wikipedia.org/wiki/Marketing
http://en.wikipedia.org/wiki/Product_life_cycle_management
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problems in the social aspect within a company.  This concept is known as the 

Knowledge Value Chain (KVC) (Powell, 2001).  

 

Knowledge Value Chain 

Knowledge Value Chain (KVC) is described as a series of processing 

stages, with a series of action steps required to move from each stage of 

processing to the next. Knowledge Value Chain has been used as a tool to 

define customer requirements and to intensify corporate sensitivity to 

environmental policies of governments (Wong, 2004). Knowledge Value Chain is 

based on the acquisition of data, processing of data, analysis and communication 

of findings or “knowledge” to decision-makers waiting for these to formulate an 

action and implementation of such actions. The Knowledge Value Chain model 

starts with a shared understanding between the knowledge workers and 

decision-maker. The decision maker can take different roles: final user of a 

product, fund granting institution, corporate executives, or any individual or 

individuals in charge of making final decisions about a product‟s use. A 

schematic of the knowledge value chain model is shown in Figure 7.
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Source: Knowledge Nets 2001, Powell, New York City, May 2001. 

 

Figure 7 The Knowledge Value Chain Model  
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Since Research and Development follows a systematic approach of data 

gathering, analysis, formulation and execution, an approach based on KVC could 

be used in the research and development of food products in the food industry.  

For non-governmental institutions and governmental agencies, KVC becomes 

the liaison between them.  Non-governmental institutions could use KVC to offer 

well-designed products to be used in nutritional interventions and deliver these 

products to government agencies for decision-making and for the incorporation of 

these new products in the execution of social programs.  Knowledge Value Chain 

can be adapted to the needs of those non-governmental producers.   

Data acquisition can use any method to obtain objective information. 

Information could involve conversation, online research, review of printed 

sources, or any other information gathering mean. Processing or data 

organization frequently involves entering data into a computer (spreadsheets, 

word processor, or any other data processing software).  Information analysis or 

processed data transform the information into knowledge by giving context, 

assessing the relevance to the organization, drawing implications for action, 

outlining options, or by reducing the amount of information to an amount able to 

be understood and acted on by the decision-maker.  The transferred knowledge 

is “intelligence” or becomes so when the knowledge is transferred to someone 

capable of acting on it. Decision-makers will finally take intelligence and use it to 

make decisions: buy, pull back, invest, and apply, among others. The last two 

steps of the KVC are action formulation, which sometimes is made for an 
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external source such as law makers or the government; and finally action 

implementation, which is the committed implementation of the action plan 

resulting from the decision (Powell, 2001). 

 

Implementation of New Product Development Systems in Food Aid 

Manufacturers use New Product Development (NPD) systems not only to 

enhance quality but also to reduce operating cost and a variety of other issues. 

Wong, 2004, explains the concept of Knowledge Value Chain as the set of 

human feedback and collaborative learning. Wong explains that knowledge is 

derived from information (data, graphics, and text) through reading, learning-by-

doing, and other forms of practice. If a person does not understand how to apply 

knowledge in practical situations, this means that information still persists in its 

original, untransformed condition (Wong, 2004).  New product development must 

include human feedback in order to achieve institutional goals. This feedback is 

knowledge needed to achieve such goals.   

Food aid donors need to incorporate marketable tools in their operations, 

since, as any other manufacturer, institutions dedicated to the manufacture or 

distribution of food with humanitarian purposes need to develop or deliver a 

product that is highly acceptable, nutritionally sound, easily transported with 

extended shelf life, and of low cost.  

Incorporating the use of the Knowledge Value Chain to the process of 

product development in this study became crucial. The development of the new 
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functional-fortified product aiming to fight malnutrition needed to have the 

acceptance of the target population. Products used in food aid programs and 

nutritional interventions fail to fulfill their objective of eliminating nutritional 

deficiencies because they do not have palatable acceptance. Knowledge Value 

Chain was the tool used in this study to gather information that guided the 

product development process to achieve the acceptability of the different 

products. Underserved populations need products designed to deliver specific 

nutrients to address their nutrient deficiencies. However, it is necessary to make 

the process more sensitive to the needs of the underserved populations with 

value added in the products they receive and that address their nutritional 

deficiencies and that take their palatable preferences into account.   

 

Sensory Evaluation in Product Development 

 The area of product development that incorporates palatable acceptability 

is known as sensory evaluation. Product development includes the industrial 

stages of formula stability, cost, and ingredient availability; additionally, a great 

part of the product development process is the sensorial evaluation of the 

product, which ultimately validates the acceptability of such product or products.  

Sensory evaluation is a scientific discipline used to evoke, measure, 

analyze and interpret those responses to products that are perceived by the 

senses of sight, aroma, touch, taste and hearing (Muñoz, 2002). Sensory 
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evaluation reduces uncertainty and risks in decisions. It insures cost-efficient 

delivery of new products with high consumer acceptability.  

Since sensory evaluation is subjective, tasting panels are used to reduce 

the effect of random variation.  People‟s food choices are personal and depend 

on a number of factors such as culture and habit. However, in all cases, the 

sensory characteristics of a food are of fundamental importance. For a food to be 

a consistent part of a person‟s diet, its flavor, texture, appearance, and aroma 

must be acceptable. Mouthfeel and even auditory properties, such as 

crunchiness, are also factors that influence food choice. Therefore, when 

designing nutritionally sound diets, it is very important to also evaluate the 

sensory characteristics of a food or dish. 

McWilliams, 2007, comments that sensory evaluation is a critical part of 

food experimentation because it is the means of determining how the consumers 

react to a food. The industry uses diverse tests to evaluate sensorial 

characteristics of products. The type of sensory evaluation test depends on the 

final objective of the analysis. Sensory tests can be classified in three groups: 

discrimination tests, descriptive tests, and affective/hedonic tests. 

 Discrimination testing is used when the basic question is “Are products 

different in any way?” Discrimination tests are used to solve problems of 

ingredient substitution, supplier/raw material change, shelf life, packaging 

change, and processing conditions change. Discriminating testing could 

be used before using a more expensive consumer test. 
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 Descriptive analysis responds to the question “How do products differ in 

all or some sensory attributes?” Descriptive tests are used to solve 

problems of ingredient substitution, supplier/raw material change, shelf 

life, packaging change, processing conditions change, quality control 

specifications, and to interpret consumer rejection of a product. 

 Acceptance/Hedonic tests respond to the question “Are products liked?” 

Acceptance tests are used following a significant discrimination result (for 

ingredients, process and packaging changes), in pre-market blind labeled 

testing, in pre-market concept-laden testing, in new product prototype 

explorations,  in line extension, and new flavors preparation. 

 

 

Given the amount of information that sensorial tests provide about the 

perception of consumers on a specific product, it is valid to use the sensorial test 

as a tool to collect information and to form part of a knowledge acquisition 

process for decision of production, release, and/or marketability of products by 

producers.  Sensorial tests reduce uncertainty for acceptability and refine the 

research and development process of new products. 

Food security is one the greatest challenges that societies need to face. 

Some facts make evident that new governmental policy, new societal 

restructuring, better and timely nutritional interventions are necessary to 

eliminate hunger.  An initial step in the process of nutritional intervention might be 
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the use of tools such as KVC to increase awareness about the needs and 

expectations of underserved groups and increase sensitivity of the governmental 

agencies in charge of the execution of social food programs.  
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Chapter III 

Methodology 

In response to the need for development of functional foods aiming to 

address the problem of global malnutrition and starvation, Breedlove Foods Inc. 

Incorporated, located in Lubbock, Texas, has focused efforts on the development 

of a quality fortified product targeting nutritionally compromised individuals, with 

the additional advantage of very low production cost. Breedlove Foods Inc. Inc. is 

a non-profit institution whose mission is the manufacturing and supply of food for 

hunger relief programs worldwide. The Breedlove facility includes a 100,000 

square foot building situated on 50 acres of property and is divided into three 

areas segregated for processing, packaging, and warehousing. 

  Lubbock is centrally located on the high plains of Texas, a strategic hub 

to a rich agricultural area with superior access to commodities, supplies and 

transportation. Breedlove Foods Inc. Inc. is a non-profit food processor 

established in 1994.  At that time, the local food bank in Lubbock Texas received 

bulk loads of donated vegetables from area growers due to cosmetic defects or 

poor market conditions.  Unfortunately, only a small percentage of the food could 

be used for commercial applications due to its short shelf life and lack of storage 

capacity.  As a result, community leaders agreed on the concept of building a 

non-profit dehydration plant to process and make the food shelf-stable for later 

distribution.  In 1994, Breedlove, the first commercial sized not-for-profit food 
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processing plant in the world, was completed entirely with local community 

support.    

In 2001, Breedlove became the first supplier to the International Food 

Relief Partnership Program (IFRP).  At the time of this study, June 2010, 

Breedlove had provided 13,656 metric tons of shelf stable products to the 

program, representing over 650 million servings of food. In addition to its 

extensive experience in the IFRP and with IFRP distributing agencies, Breedlove 

has experienced funding support from the private sector, both locally and 

nationally.  Breedlove has most recently supported several ongoing projects, 

funded by private sources to provide shelf-stable food to projects in South Africa, 

Pakistan, and Malawi.  This facility also responds to disaster relief, both 

domestically and internationally. The most extensive privately funded emergency 

relief effort was after the 2004 Asian Tsunami, with Breedlove producing and 

shipping over 30 million servings of food for survivors in Indonesia and Sri Lanka 

in the months after the tsunami.   

From Breedlove‟s perspective, the basic element that makes a feeding 

project work is the partner organizations. The institution depends entirely on a 

network of partner organizations, which have the program or mission in various 

countries delivering food to those in need.  Over the years, that list of partners 

has grown to over more than 80 organizations.  Every year, Breedlove continues 

to add new partners to work with and develop new cooperative efforts to supply 
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food to the needy.  Appendix A shows Breedlove Foods Inc.‟ partners working 

with IFR programs. 

The researcher for this dissertation was, at the time of this study, 

employed at Breedlove Foods Inc. Inc. as Director of Operations in Latin 

America. Responsibilities included managing the quality assurance and research 

and development departments at Breedlove Foods Inc. Inc.  Additionally, the 

researcher was in charge of developing the proposed formulation for the food 

product VitaNut Pro and incorporated this task in this dissertation work. The 

focus of the study was to assess the acceptability of four newly developed 

powdered drinks.  

 

Product Development 

VitaNut Pro originated from the need to have not only a fortified product 

but also a product that offered added health benefits.  It has been determined 

that oats and barley offered some documented health benefits such as lowering 

the cholesterol level and the FDA recognition as preventing coronary heart 

disease (FDA, 1999).  Oats and barley offered a carbohydrate content ideal to 

boost the caloric content of the finished product.  Another ingredient, full fat soy, 

offered a high quality protein but at a less expensive cost when compared to 

animal protein. Additionally, soy provides some health benefit in the control of 

cholesterol, cardiovascular disease, and hormone supplementation. The use of 
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soy instead of milk or whey not only reduced the cost of the finished product but 

also presented an alternative for lactose intolerant individuals.  

Full fat soy was used due to the fat content, which is a critical nutrient for 

promoting growth in children.  The strong “beany” flavor and smell in soy is 

developed by the enzyme lipoxygenase under favorable moisture, heat, and time 

conditions during processing.  This seems to be a somewhat objectionable 

characteristic.  However, conditioning soybeans at 13-14% moisture in hot air 

before dehulling and milling deactivates Lipoxygenase. The flavor of the full-fat 

soybean flour can be made nuttier by roasting at a higher temperature or for 

prolonged periods (J. Strafford, personal communication, February 2009). 

High diastatic milled barley malt was also considered for the formulation of 

VitaNut Pro. This ingredient contains amylases (diastase), proteases, and 

phytases. The malt enzymes are utilized as an enzyme system to pre-digest 

starchy food. This pre-digestion process releases sugar, soluble protein, amino 

acids, and bio-available mineral nutrients for enhanced nutrition or prevention of 

malnutrition in weanling infants as well as for the treatment of malnourished 

children and adults (Herlache, 2007). 

The amounts of the different ingredients including the fortification mix were 

formulated to meet the nutritional requirements of general population and 

moderate malnourished children. The Nutritional guidelines used were 

established by the USAID programs. These guidelines are shown in Table 2. 
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The food product developed is known as VitaNut Pro. It is in a dry form, 

allowing for the distribution of more servings per container, which is an important 

characteristic for remote locations.  In addition VitaNut Pro offers low production 

costs. The powdered mixes have to be mixed with tap water or cold water at a 

proportion of one cup of water per every one cup of dry mix.  Once the mix is 

stirred, it is ready to drink. 
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Table 2 

United States Agency for International Development Nutritional  
Requirements 
 

Nutrient Unit *Gen. Pop. **MM 

Energy Kcal 2000 1000 

Fat g 65   

Carbohydrate g 175   

Fiber g 25   

Protein g 50 26 

Sodium mg 1500 550 

Potassium mg 700 1400 

Magnesium mg 330 300 

Phosphorus mg 700 900 

Zinc mg 10 20 

Calcium mg 1200 840 

Copper mg 9.5 0.89 

Iron mg 18 18 

Iodine mcg 150 200 

Selenium mcg 55 55 

Manganese mg 310 1.2 

Thiamine mg 1.3 1 

Riboflavin mg 1.3 1.8 

Vitamin B6 mg 2 1.8 

Vitamin B12 mcg 2.5 2.6 

Folate mcg 400 350 

Niacin mg 17 18 

Ascorbic acid mg 80 100 

Pantothenic acid mg 5.5 3 

Vitamin A mg 0.7 1.9 

*Gen. Pop. = General Population;**MM= Moderate Malnourished 

 

Regardless of its nutritional value, acceptability of the product is an 

important factor that must be considered in food relief programs. The purpose of 

this study was to assess the acceptability of newly developed functional-fortified 
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powdered drinks based on the probabilistic sensory analysis of their sweetness, 

mouthfeel, color, and aroma; to adapt a modified Knowledge Value Chain model 

to the process of research and development of the newly products, and to 

determine the shelf life of the developed products.

Presently, there is a noticeable tendency in the food industry, encouraged 

by written and audio-visual media, to produce fortified foods with multiple 

micronutrients. This new sector of the food industry is focusing on the production 

of functional foods. In essence, functional foods are not intended to act as a 

vehicle for food fortification to address nutritional deficiencies (USAID and DSM, 

n.d.). However, the combination of the physiological benefits of functional foods 

and the added value of micronutrients provided by fortification make a powerful 

combination. The micronutrients used in a fortification formula are based on 

documented deficiencies or estimated deficiencies as well as on their 

bioavailability and their effect on the organoleptic characteristics of the product 

and the product cost.   

Through fortification, the food industry improves the value of food products 

and, at the same time, improves consumers‟ health. However, acceptability of a 

product becomes an important factor in the success of such products in the 

market place. Acceptability of products by consumers is also important to food 

intended for food relief programs. The World Health Organization affirms that 

while public health efforts must be targeted to improve dietary intake in children 

through breast-feeding, it is necessary a complementary feeding. The 
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complementary feeding would increase the intake of specific nutrients. The 

addition of specific nutrients would prevent deficiency effects in the different 

populations (WHO, 2002).  

 

Research Hypothesis 

Ho: Sensory characteristics of VitaNut Pro have no effect on overall product 

acceptability in three Latin American countries. 

 

Overall Objective: 

The purpose of this study was to assess the acceptability of newly 

developed functional-fortified powdered drinks, based on the probabilistic 

sensory analysis of their sweetness, mouthfeel, color, and aroma; to adapt a 

modified Knowledge Value Chain model to the process of research and 

development of the newly products, and to determine the shelf life of the 

developed products.

 

Specific Objectives: 

 Adapt the process of research and development of a new product using a 

modified Knowledge Value Chain model. 

 Assess the overall acceptability of newly developed products (VitaNut Pro 

chocolate, vanilla, strawberry, and natural) by a group of panelists 
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selected from three Latin American countries based on probabilistic 

sensory analysis. 

 Determine shelf life of VitaNut Pro by performing an accelerated shelf life 

test using subjective (sensorial test) and objective (physico-chemical and 

microbiological) tests on VitaNut Pro.  

 

Research and Development Process 

Facing a nutritional crisis worldwide that has been worsened by global 

economic crisis, wars, drought, and climatic disasters, the need has became 

evident for developing a product that delivered critical macro and micronutrients. 

In addition, it was necessary that the product be easy to distribute, stable during 

transportation, stable during storage, and enjoy increased acceptability. The 

response to the problem was found in the development of a dry mix using high 

quality protein grains, which also contain high caloric content. The product was 

developed in response to the demand for a highly nutritious product that provided 

necessary macro and micronutrients.  The principal ingredients in the developed 

product were oats, full fat soy flour, and malted barley. These commodities were 

selected based on their documented nutritional value and health benefits, which 

give a unique added value to the final product.  

Oats provide calories and carbohydrates; full-fat soy guarantees the intake 

of proteins, fiber and fat content; a mix of diastatic enzymes, in the form of 

malted barley provides a highly nutritious and easily assimilated food useful for 
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various states of malnutrition. Malted barley increases the digestion of starches 

in certain types of dyspepsia (rare cases where there is an organic deficiency of 

saliva), or in the more frequent condition where the individual has difficulties to 

masticate food.  

 A proprietary fortified mixture of minerals and vitamins was developed by 

DSM Nutritional Products, Inc., currently a supplier for Breedlove Foods Inc., to 

nutritionally complement the formulated dry mix.  DSM Nutritional Products, Inc. 

is the world‟s leading supplier of vitamins, carotenoids, and other fine chemicals 

to the animal feed industry, food, pharmaceutical and personal care industries for 

humans. DSM has its headquarters in Switzerland. In The United States, DSM 

has its branch in Parsippany, New Jersey. 

After selecting the ingredients for the new product, the formulation process 

was initiated.  The fortification mix was designed in such a way that the final 

nutritional content should cover the average need of nutrients for children, 

women and men and either alleviate existing deficiencies or assure good and 

productive health. The product developed for testing was in the form of a 

powdered mix that is to be mixed with water.  The mixes were developed in four 

different flavors: natural, vanilla, strawberry and chocolate. These flavors were 

selected to increase acceptability by the consumers.  

Once the prototype formulation was finalized, an in-house tasting panel 

was used. This test panel consisted of fifteen current male and female 

employees at Breedlove Foods Inc. who were between the ages of 21 and 65 
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years of age. A hedonic sensorial test was used since measuring acceptability of 

the product was the only objective. The tasting panel formed by Breedlove‟s 

employees was carried out at the Breedlove facilities.  Panelists were seated in 

the conference room in positions in which they could not see the other 

participants. This positioning was intended to prevent them from being influenced 

by facial expressions of other panelists. This is a standard practice for a sensory 

set up if cubicles are not available. The individuals were given the product 

samples in white plastic cups coded with three-digit random numbers, which 

were randomized. Each panelist was asked to evaluate sweetness, mouthfeel, 

color and aroma of each sample on a 5-point Hedonic scale. Overall acceptability 

was rated in the same 5-point Hedonic scale being 1=dislike extremely and 5= 

like extremely. The resulting prototype formulas of the product were based on the 

analysis of this in-house tasting panel. The product developed was given the 

commercial name of VitaNut Pro. The name VitaNut Pro identifies the inclusions 

of vitamins, micro and macronutrients, and high protein content in the product 

mix.  

In-house panels are a customarily process in the food industry.  The 

prototypes formulas developed for Breedlove Foods Inc. took into account a 

convenient sample drawn from current Breedlove‟s employees. However, 

previous knowledge of the rejection of foods used in nutritional interventions 

made clear the need to incorporate an information gathering tool that affirmed or 

denied the acceptance of the newly developed products by the target population. 
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The used to guide the product and development process in this study was a 

modified Knowledge Value Chain Model. 

 

Modified Knowledge Value Chain Model 

Wong, 2004, described the positive influence that creation of knowledge 

exerts over organizational performance in regard to collaborative learning and 

quality uncertainty. Wong defined this collaborative knowledge as the 

“Knowledge Value Chain” (KVC). Wong defines value chain as a series of related 

activities that can be combined together to produce end-user advantages. In 

contrast, KVC starts with the acquisition of knowledge rather than raw materials 

and ends with knowledge action and dissemination. 

Here is how Knowledge Value Chain was used in the new product 

development. Adopted from Wong, 2004, the modified Knowledge Value Chain 

(KVC) model used for this study consisted of four steps: data acquisition, data 

processing, information analysis, and knowledge communication. Since 

Breedlove Foods Inc. is a non-profit organization, the corporate advantages of 

profitability and profit distribution cannot be considered as in the traditional KVC.  

End-user advantage is only understood as providing the best nutritional quality 

possible, combined with the largest possible amount of the mix for the dollar 

value for those who receive food aid. The idea behind incorporating the KVC was 

an effort to improve the nutritional state of recipients of food aid by including 

them in the process of new product development and as a method to validate the 
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results. The ultimate goal of this product development was to create a highly 

acceptable product given that modifications to the formula would be based on 

feedback from sensorial tests performed by actual users.  

The use of Knowledge Value Chain has not been described in the 

literature as being utilized by non-profit organizations as a mean to provide value 

added commodities designed for food aid. However, it was considered that a 

proven acceptability at a high level of a product is important to predict the 

success of a product in a feeding program and will thereby prevent economic 

expenses in the programs‟ logistics. The proposed modified model of the 

Knowledge Value Chain was used to guide the process of research and product 

development.  The proposed modified Knowledge Value Chain, shown in Figure 

8, consisted of four transformation steps: 

 

1. Acquire data: Conduct sensorial test on VitaNut Pro by potential 

beneficiary groups and gather the constant exchange of information with 

the research and development team. 

2. Process Data: Statistical analysis of acceptability study. 

3. Analyze information: Interpretation of statistics, improvement/ 

reformulation of VitaNut Pro prototype based on processed data. 

4. Communicate knowledge: Formulation of proposal to be presented to 

grant funding institutions for the purpose of including VitaNut Pro in 

feeding programs. 
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Figure 8  Proposed Modified Knowledge Value Chain Model. 
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In this study, knowledge workers, those conducting the acceptability 

studies, consisted of external and internal participants who were actual patrons 

of food aid programs and who are partner groups of Breedlove Foods Inc. Inc. 

located in Nicaragua, Honduras and the Dominican Republic. Internal 

participants included Breedlove Foods Inc. Inc. workers who provided information 

on commodity availability, cost of production, packaging and shelf life stability.  

External participants provided data from sensorial tests. These data were 

analyzed using factorial ANCOVA analysis. There were four factors or 

independent variables to consider (sweetness, mouthfeel, color and aroma). 

Each variable had five levels expressed in a Hedonic scale as follows: for 

sweetness: Not sweet at all; Slightly sweet; Just about right; A little too sweet; 

Much too sweet; for mouthfeel: Very gritty; Somewhat gritty; Just about right; 

Somewhat smooth; Very smooth; for color: Much too light; Somewhat light; Just 

about right; Somewhat dark; Much too dark; for aroma: Very unpleasant; 

Unpleasant; Neutral; Pleasant; Very pleasant; for overall acceptability: Dislike 

extremely; Dislike moderately; Neither like or dislike; Like moderately; Like 

extremely. Country variable was set as an extraneous variable or covariate.  

Interpretation of the statistical analysis determined the level and cause of 

acceptability of the prototype VitaNut Pro formulation providing concrete 

information for the organoleptic characteristics of the product that reduce its 

acceptability. The knowledge acquired allowed for an assertive reformulation of 
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VitaNut Pro with higher probability of acceptance among consumers. This 

process will allow funding agencies to make the final decision about incorporating 

VitaNut Pro as part of the food programs offered by Breedlove Foods Inc.‟ 

partners based on a sound model.  

 
Accelerated Shelf-Life Test 

Since VitaNut Pro is in essence a dehydrated food product, there are 

specific deterioration processes linked to the dry nature of the product. Among 

these processes would be any loss of nutrients, especially vitamins C, B6, and 

lysine; non-enzymatic browning, lipid oxidation, pigment degradation and 

moisture gain, which could lead to microbial spoilage (Shema, n.d.). All these 

factors contributing to potential loss in quality depend greatly on storage 

conditions. The low moisture content and water availability for microbial activity 

known as Aw are the main factors that make dehydrated products shelf stable.   

VitaNut Pro has low moisture content, about 7 to 8%, and it has a water 

activity (Aw) of about 0.45 to 0.52. The Aw is a number from 0 to 1 that indicates 

the amount of free water present in a product and that allows microbial growth. At 

a level of Aw below 0.6, no microbial activity is possible. Values of Aw from 0.6-

0.7 allow the proliferation of yeast and mold, which could affect the quality of 

VitaNut Pro.  

VitaNut Pro is packaged in flexible 100 g bags. The permeability of the 

packaging material is very low with the oxygen transfer rate at <0.1 cc/645.16 
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cm2/24hrs@24C, 0%RH.  The material is durable and puncture resistant, 

making it resilient to shipping damage and pest infestation.  Packing the 

individual bags in a cardboard shipping box provides additional protection for the 

product.  Interior cardboard dividers that provide additional protection and 

support during shipping and storage reinforce the boxes. These boxes are 

designed to fit snuggly when floor loaded in a standard overseas shipping 

container.  The snug fit limits movement between boxes in the load during 

shipping, thereby reducing any chance of damage due to rough handling during 

transit.  The boxes are also designed to stack squarely on a standard pallet to 

accommodate overland shipping by truck.   

Accelerated shelf life testing is based on the principles of chemical 

kinetics, which can be applied to quantify the effects that temperature, humidity, 

light, and atmosphere have on the rate of deteriorative reactions (Side, 2002). In 

a controlled environment, even if one of the conditions for chemical stability is 

altered, a chemical reaction is initiated. Sometimes, this chemical reaction may 

create signs of change in a food product that could be interpreted as a loss of 

quality. These changes can be obvious and include change in color, off aromas, 

changes in taste, changes in texture, or not so evident, such as loss of vitamins.   

In order to determine the shelf life of VitaNut Pro, the concept of Q10 was 

used. Q10 is the increase in the rate of the reaction when the temperature is 

increased by 10C (18°F) (Side, 2002).  Given the low water activity of the 
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developed beverages, microbial growth was not considered a potential 

contaminant.  High temperatures could cause lipid oxidation or rancidity and also 

changes in texture, in color, and taste; therefore, elevated temperature was set to 

be the most probable cause of quality loss in the developed products. Each of 

the chemical deterioration reactions requires a certain amount of energy to get 

started. The higher the activation energy is for a reaction, the greater the 

acceleration with increases in temperature (Side, 2002.).  A simple way to 

express this acceleration is the Q10 concept.  

The accelerated shelf-life test was conducted at Breedlove Foods Inc. The 

temperatures selected for the accelerated shelf life test were 27°C, 40°C, and 

49°C. These temperatures were representative of conditions where end users 

are located. 

 

Materials and Methods 

 Finished products: The product mix was prepared at Breedlove Foods 

Inc. laboratory according to the different flavors formulations and mechanically 

mixed.  Fourteen samples per flavor of 100 g each were prepared and kept in a 

desiccator for further use.  The desiccator used was a Bel-Art 420731000 

Secador that offers 99% UV light protection. This desiccator counts with an 

incorporated hygrometer and brings down the relative humidity to about 25%. 
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 Packaging: Samples were individually packed using plastic bags that 

have an oxygen transfer rate of <0.1 cc/645.16 cm2/24hrs@24C, 0%RH.  

 

 Moisture and water activity: Moisture content was determined using 

Computract Max2000XL moisture analyzer. Water activity was determined 

using Decagon AquaLab 3TE water activity analyzer.  

 

 Sensory evaluation: The fourteen samples per product were taken out of 

the desiccator and place in a glass chamber. The glass chamber is electric 

heated and an incorporated thermostat kept the temperature at a set level. The 

fourteen samples per product were kept at 27°C, 40°C, and 49°C for a period of 

two weeks. 

One sample per product was randomly taken out daily for sensory 

evaluation. A Hedonic scale (1-5 scores) was used to evaluate the color, 

appearance, aroma, texture, flavor, and acceptability. A mean score of each 

attribute was reported for each packaged product,   per day of examination.  Five 

technicians employed at Breedlove Foods Inc. and trained in sensory evaluation 

served as panelists. 

Microbiological Test: A pool sample from the fourteen individual samples 

per product was analyzed for Total Plate Counts according to A.O.A.C. (2000); 

for E.coli using 3M Petrifilm and incubated at 37C; for Salmonella presence 
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using rapid test Salmonella Singlepath Test; and for yeast and molds using 

Potato Dextrose media acidified with tartaric acid to prevent the growth of 

bacteria. 

 

Sampling Procedure and Data Collection 

For this study, a convenience sample was used. Convenience sampling is 

also known as grab or opportunity sampling. This sampling method involves the 

sample being drawn from that part of the population that is readily available and 

convenient. Participants were individuals participating in feeding programs in 

Nicaragua, Dominican Republic, and Honduras. Participants from Latin American 

countries were used because the newly developed products will be used initially 

in this geographic area. This study obtained approval from the Protection of 

Human Subjects Committee through the Institutional Review Board (IRB No. 

501372). The proposal submitted for IRB approval is found in Appendix F. 

Each country provided a total convenience sample of 50 people to form a 

study sample of a total of 150 individuals, all adults older than 21 years old. 

Participants who formed the convenience sample were those who were present 

at the time of conducting the acceptability test and agreed to participate. Sensory 

panels were conducted in December 2008 on the prototype formulas. 

Modifications to the formulas based on these results were made, and a second 
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acceptability test with the reformulated products was conducted in January 2010 

in the same countries with participants of the same programs. 

Participants from project HOPE (Health Opportunities for People 

Everywhere) are registered members of the program in Nicaragua. They meet 

once a week for sanitation orientation, medical evaluation, and treatment. During 

a weekly session, they were verbally notified initially, and a letter of information 

was given to them. The same procedures were used for Patrons of The Battery 

Relief Alliance (BRA), which formed the Dominican Republic sample. Battery 

Relief Alliance is a non-profit, non-political, humanitarian aid entity that helps 

create a productive and self-sufficient environment through health care and 

development programs for children and their families severely affected by 

poverty, disease, and hunger in the Caribbean (www.bateyrelief.org). 

Participants from BRA Dominicana were informed verbally and through the 

information letter; this was the same for participants in Honduras. In Honduras, 

participants were selected from poor neighborhoods. Assistance was provided by 

the Department of Microbiology at the National Autonomous University of 

Honduras.  

All information and material, including scorecard, letter of information, and 

consent form were presented in Spanish. Translation from English to Spanish 

was made by the researcher for this dissertation study and checked for accuracy 

http://www.bateyrelief.org/
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with bilingual individuals‟ representatives of the different participant groups. The 

information letter and letter of consent to participate are shown in Appendix B.  

In order to standardize the sample preparation, sensory test organization, 

seating of the panelists, and the implementation of the scorecards, the 

researcher prepared a series of guidelines to be followed by the research 

assistants. The researcher traveled to the participant countries to train the 

research assistants in the implementation of the sensory test and familiarize 

them with the products preparation. The guidelines for sensory test 

implementation are found in Appendix C. 

Four different flavors of VitaNut Pro (natural, vanilla, strawberry and 

chocolate) were evaluated for sweetness, mouthfeel, color, and aroma, and 

overall acceptability. The panelists were served a rehydrated drink sample 

reconstituted with tap water at room temperature. The samples were served in 

white cups identified by a three-digit random code,  

Each panelist was asked to evaluate the overall acceptance of each 

sample flavor (chocolate, vanilla, strawberry, and natural) based on a 5-point 

just-about-right and hedonic scale for sweetness, mouthfeel, color, and aroma. 

Copies of the scorecard in English and Spanish are found in Appendix D. 

Panelists were also asked their age and gender. 

Data collected from the sensorial panel were analyzed using a factorial 

ANCOVA design.  The factorial ANCOVA was conducted on sensorial perception 
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scores of sweetness, mouthfeel, color, and aroma, to evaluate their effect on 

overall acceptability of different prototype formulas of the newly fortified 

powdered drinks.  The statistical design was chosen to answer the question 

“What is the effect of sensorial attributes (sweetness, mouthfeel, color, and 

aroma) on overall acceptability of the products when adjusting for differences 

among groups with respect to country of origin of participants?” The design 

presents four independent variables: sweetness, mouthfeel, color and aroma and 

each one of them has 5 levels represented in a Just About Right and hedonic 

scale.   

The concept of Just About Right (JAR) scales is a measure of the 

appropriate level of a specific attribute in a product (Rothman, 2009). This 

measurement of appropriateness can be used to determine the optimum level of 

an attribute in a product. This attributes analysis assists researchers in 

understanding why consumers like or dislike a product. This understanding then 

guides the efforts of the product development process that has as a goal to 

increase consumer acceptability. There are many variations of JAR scales; 

typically, these scales consist of five or seven points, ranging from too little to too 

much, with JAR in the middle for a given characteristic (Meullenet, Xiong, & 

2007).  

In order to reduce differences due to extraneous variables, country of 

origin (Dominican Republic, Honduras, and Nicaragua) was considered a 
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covariate for the analysis.  Thus, the effect of country over differences among 

groups was controlled.   Alpha was set at 0.05. The different formulas or flavors 

were analyzed independently since they represented distinct formulations; results 

are presented individually in Chapter IV. 

The results of the accelerated shelf-life test were given based on sensorial 

tests of the products after they underwent exposure to extreme temperatures for 

a period of two weeks.  The main effect of fat deterioration was assumed to be 

perceivable by taste.  In addition, microbiological tests (yeast and molds and total 

plate count) were run every twenty-four hours to assess any change in the 

microbial quality of the products. These results are presented in Chapter IV. 
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Chapter IV  

Results 

The overall objective of this dissertation study was to assess the 

acceptability of four flavors (chocolate, vanilla, strawberry, and natural) of newly 

developed fortified dry-base beverages. In order to accomplish this objective, a 

modified Knowledge Value Chain model was incorporated in the research and 

development process of the products. One of the modifications of the model was 

to incorporate the target population into the process of formula development.  

The target population was incorporated as part of the “knowledge workers” 

group. Knowledge workers, in a traditional Knowledge Value Chain, are 

individuals employed by a company and who are in charge of gathering 

information in order to solve a problem within such company.  In this study, 

incorporating the target population in the process of product formulation was 

important to reduce rejection of the new products and establish a level of 

acceptability. The modified proposed model, contrary to the traditional model, is 

not an open chain link but a closed one.   

The knowledge workers, at the interior and exterior of Breedlove Foods 

Inc. would generate information and essential data to minimize or eliminate 

acceptability problems of the newly developed products.  The obtained 

information became “intelligence” or processed knowledge/information. The 

gained intelligence is critical for those who will decide what products should be 
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incorporated in food aid programs. These decision makers are individuals outside 

from Breedlove Foods Inc.: governmental institutions or any other funding 

institutions. However, the internal knowledge workers at Breedlove Foods Inc. 

would carry out the implementation of such decisions. This unique structure of 

the KVC was chosen since Breedlove Foods Inc. is a non-profit organization and 

the products the company manufactures do not generate revenue for any 

stockholder.  The model would represent the logistics that could eliminate or 

substantially reduce wasted food due to poor acceptability of food products in 

food aid programs. 

A specific objective of the dissertation study was to assess the overall 

acceptability of the new products (VitaNut Pro chocolate, vanilla, strawberry and 

natural flavors) by a group of panelists selected from three Latin American 

countries based on probabilistic sensory analysis. External participants provided 

data from sensorial tests regarding the organoleptic characteristics and 

acceptance response based on perception of sweetness, mouthfeel, color, and 

aroma. Responses were statistically analyzed using factorial ANCOVA. Factorial 

ANCOVA allowed the analysis of the effect of four independent variables or 

factors (product attributes).  The independent variables presented five levels 

each. There was only one Dependent variable: Acceptability.  

For the study, convenience sub samples were drawn from three Latin 

American countries:  Dominican Republic, Honduras and Nicaragua. A 
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convenience sub sample of fifty individuals was drawn from each country for a 

total study sample of one hundred and fifty individuals in December 2008. The 

study sample included a total of 84 females and 66 males.  Between the ages of 

21-30, there were 36 females and 23 males; between the ages of 31-40, there 

were 21 females and 14 males; between the ages of 41-50, there were 13 

females and 54 males; and between the ages of 51-65, there were 14 females 

and 5 males. The demographics were too widespread to be considered for an 

analysis including age or gender.  

 The purpose of the study was to evaluate the acceptability response to 

the products from potential beneficiary groups in Latin America.  The products 

were designed to be part of humanitarian relief programs in Latin American 

countries. It was considered then, that even though different countries formed the 

study population, they have similar cultural and customs backgrounds; therefore, 

it was not important to investigate if there was any variation in acceptability by 

country.  However, in order to reduce any possible variability on overall 

acceptability caused by country effect, country was used as a covariant in the 

experimental design. 

The Hedonic scale developed for this study and represented in a 

scorecard, needed to be instrumental in the measurement of the overall 

acceptability of the different products based on the products‟ attributes. It was 

necessary to confirm that the scorecard was reliable. Reliability analysis was run 
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to evaluate the coding system used in the scorecard and to measure how well 

the coding, once transformed into statistical data, actually answered the question 

of overall acceptability.  Reliability analysis, according to Cronbach‟s alpha 

coefficient test, showed that the scorecard was reliable (Cronbach‟s alpha 

coefficient= 0.72).  The reliability test indicated that the scorecard was a reliable 

instrument and could be used to measure the effect of sweetness, mouthfeel, 

color and aroma on overall acceptability for the VitaNut Pro products. 

The objective of the study was to determine the overall acceptability of 

four new prototype functional-fortified drinks in four different flavors. Positive 

response for assurance of acceptability was defined by the researcher as any 

response equal to having a score of “3= Just about right” for sweetness and 

color; “3= Just about right”, 4=somewhat smooth, and 5= very smooth for 

mouthfeel; and “4= pleasant” and “5= very pleasant” for aroma. Based on these 

criteria, positive perception of sweetness for the prototype flavors was as follows:  

60% vanilla; 60% chocolate; 27% strawberry; and 76% natural flavor.  Positive 

perception for mouthfeel was found to be 20% for vanilla; 23% for chocolate; 3% 

for strawberry, and 11% for natural flavor.  Positive perception per flavor by color 

was found to be: 67% for vanilla; 67% for chocolate; 47% for strawberry, and 

84% for natural flavor.  Aroma positive perception for vanilla 69%; chocolate 

69%; strawberry 57% and natural flavor 75%. Table 3 shows these results. 
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Table 3  

Percentage of Positive Responses per Attribute per Prototype Flavor 

 

ATTRIBUTES 

VANILLA CHOCOLATE STRAWBERRY NATURAL 

TPR PPR (%) TPR PPR (%) TPR PPR (%) TPR PPR (%) 

SWEETNESS 90 60 90 60 40 27 114 76 

MOUTHFEEL 30 20 34 23 5 3 17 11 

COLOR 101 67 94 67 70 47 126 84 

AROMA 103 69 103 69 86 57 113 75 

TPR= Total Positive Responses; PPR= Percent of Positive Responses 
 

From Table 3 was concluded that mouthfeel represented the attribute with 

the lowest positive perception across the four different flavors. Strawberry flavor 

was the only flavor that obtained a low positive response in all the different 

attributes. These results showed a lower response than expected in terms of 

perceived acceptability for the prototypes formulas.  

Factorial ANCOVA analysis was performed per individual prototype flavor.  

The purpose of the factorial ANCOVA analysis was to establish the influence of 

the organoleptic characteristics of sweetness, mouthfeel, color, and aroma, or 

the influence of the interactions of these attributes on overall acceptability. A 

pairwise comparison test was run in order to focus on the strongest effect or 

absence of any effect on overall acceptability due to any of the five different 

levels included in the independent variables. Assumptions of independence of 
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cases, normal distribution and homogeneity of variance were assessed and met. 

The results are shown per each flavor.  

 

Factorial ANCOVA Results for Prototype Products 

Results for prototype chocolate flavor 

The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel” F (2, 95) = 3.10, p < 0.05, accounting for a variability of 6.1% (eta-

squared = 0.061) on overall acceptability of the prototype chocolate flavor. In 

addition, there was a significant interaction between “mouthfeel and color”, F (3, 

95) = 3.04, p < 0.05, accounting for a variability of 8.8% (eta-square = 0.088), 

and among “sweetness, mouthfeel and color”, F (2, 95) = 3.97, p < 0.05, 

accounting for a variability of 7.7% (eta-squared = 0.077).  This effect indicates 

that participants‟ ratings were significantly different for the attributes of mouthfeel, 

sweetness, and color for the prototype chocolate flavor. 

Table 4 shows the tests of between-subjects effects for the prototype chocolate 

flavor. 
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Table 4 
Tests of Between-Subjects Effects for Prototype Chocolate Flavor  
 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 117.636a 54 2.178 4.118 .000 .701 

Intercept 134.414 1 134.414 254.081 .000 .728 

Country 30.812 1 30.812 58.244 .000 .380 

Sweetness 1.604 3 .535 1.011 .391 .031 

Mouthfeel 3.286 2 1.643 3.106 .049 .061 

Color 1.732 3 .577 1.091 .357 .033 

Aroma 1.111 2 .555 1.050 .354 .022 

Sweetness * 

mouthfeel 

3.953 4 .988 1.868 .122 .073 

Sweetness * color 2.787 5 .557 1.054 .391 .053 

Sweetness * aroma .220 4 .055 .104 .981 .004 

Mouthfeel * color 4.835 3 1.612 3.046 .032 .088 

Mouthfeel * aroma 4.873 4 1.218 2.303 .064 .088 

Color * aroma 4.552 4 1.138 2.151 .080 .083 

Sweetness * 

mouthfeel * color 

4.206 2 2.103 3.975 .022 .077 

Sweetness * 

mouthfeel * aroma 

5.393 6 .899 1.699 .130 .097 

Sweetness * color * 

aroma 

2.738 4 .684 1.294 .278 .052 

Mouthfeel * color * 

aroma 

2.402 3 .801 1.514 .216 .046 

Sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 50.257 95 .529    

Total 1542.000 150     

Corrected Total 167.893 149     

a. R Squared = .701 (Adjusted R Squared = .531); alpha = 0.05 
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The pairwise comparisons test indicated that the main effect of 

“sweetness” is significantly different, p <0.05, between the levels “Not sweet at all 

and Just about right”, and “Not sweet at all and A little too sweet”; but not 

between the levels “Not sweet at all and Slightly sweet”, “Slightly sweet and Just 

about right”, “Slightly sweet and A little too sweet” or “A little too sweet and Just 

about right”, p >0.05. This seems to indicate a negative acceptability of the 

prototype chocolate flavor when there was no perception of sweetness. “Not 

sweet at all” was rated higher among the levels, M=3.43, for the sweetness 

attribute. These results are shown in Table 5. 
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Table 5  
Pairwise Comparisons among Sweetness Levels for Prototype Chocolate Flavor 
 

Dependent variable: Acceptability 

(I) Sweetness (J) Sweetness Mean Difference  

(I-J) Std. Error Sig.c 

95% Confidence Interval for Difference 

Lower Bound Upper Bound 

Not sweet at all Slightly sweet .462a,b .247 .065 -.029 .953 

Just about right .483a,b,* .230 .038 .027 .939 

A little too sweet .828a,b,* .406 .044 .023 1.634 

Slightly sweet Not sweet at all -.462a,b .247 .065 -.953 .029 

Just about right .021a,b .176 .906 -.328 .370 

A little too sweet .366a,b .377 .334 -.383 1.116 

Just about right Not sweet at all -.483a,b,* .230 .038 -.939 -.027 

Slightly sweet -.021a,b .176 .906 -.370 .328 

A little too sweet .345a,b .364 .346 -.378 1.068 

A little too sweet Not sweet at all -.828a,b,* .406 .044 -1.634 -.023 

Slightly sweet -.366a,b .377 .334 -1.116 .383 

Just about right -.345a,b .364 .346 -1.068 .378 

 
Based on estimated marginal means 

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

*. The mean difference is significant at the 0.05 
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In addition, the pairwise comparisons test for prototype chocolate flavor 

indicated that the main effect of “mouthfeel” was significantly different, p <0.05, 

between the levels “Just about right and Somewhat gritty” and, between “Just 

about right and Very gritty”, p >0.05; but not between “Somewhat gritty and Very 

gritty”, p >0.05. This seems to indicate a negative acceptability of this flavor when 

any degree of grittiness is perceived in the product.  “Just about right” was rated 

higher among the levels, M=3.56, the lowest rating was “Somewhat gritty”, M = 

2.73, for the mouthfeel attribute. These results are shown in Table 6. 
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Table 6  

Pairwise Comparisons among Mouthfeel Levels for Prototype Chocolate Flavor 

 
 

Dependent variable: Acceptability 

(I)  

Mouthfeel 

(J) 

Mouthfeel Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

gritty 

.825*,a,b .205 .000 .417 1.232 

Very gritty .487*,a,b .222 .031 .046 .927 

Somewhat 

gritty 

Just about 

right 

-.825*,a,b .205 .000 -1.232 -.417 

Very gritty -.338a,b .187 .073 -.709 .033 

Very gritty Just about 

right 

-.487*,a,b .222 .031 -.927 -.046 

Somewhat 

gritty 

.338a,b .187 .073 -.033 .709 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test for prototype chocolate flavor indicated that 

the main effect of “color” was significantly different, p <0.05, between the levels 

“Much too light and Just about right”; but not between “Much too light and 

Somewhat light”, “Much too light and Somewhat dark”, “Somewhat light and Just 

about right”, “Somewhat light and Somewhat dark”, or “Just about right and 

Somewhat dark”. This seems to indicate that panelists‟ acceptability decreased 

only when color was perceived as extremely light for the prototype chocolate 

flavor. “Much too light”, was rated lowest among the levels, M= 2.65, for the color 

attribute. These results are shown in Table 7. 
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Table 7  
Pairwise Comparisons among Color Levels for Prototype Chocolate Flavor 
 

Dependent variable: Acceptability 

(I) Color (J) Color Mean Difference  

(I-J) Std. Error Sig.c 

95% Confidence Interval for Differencec 

Lower Bound Upper Bound 

Much too light Somewhat light -.261a,b .278 .351 -.814 .292 

Just about right -.603a,b,* .257 .021 -1.112 -.094 

Somewhat dark -.313a,b .493 .527 -1.291 .665 

Somewhat light Much too light .261a,b .278 .351 -.292 .814 

Just about right -.342a,b .175 .053 -.689 .005 

Somewhat dark -.052a,b .488 .915 -1.021 .917 

Just about right Much too light .603a,b,* .257 .021 .094 1.112 

Somewhat light .342a,b .175 .053 -.005 .689 

Somewhat dark .290a,b .475 .543 -.653 1.234 

Somewhat dark Much too light .313a,b .493 .527 -.665 1.291 

Somewhat light .052a,b .488 .915 -.917 1.021 

Just about right -.290a,b .475 .543 -1.234 .653 

 
Based on estimated marginal means 

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

*. The mean difference is significant at the 0.05 
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Results for prototype vanilla flavor 

The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel” on overall acceptability for the prototype vanilla flavor, F (2, 99) = 

23.80, p <0.05, accounting for a variability of 32.5% (eta-squared = 0.325).  This 

effect indicates that the ratings given by the panelist were significantly different 

only for the mouthfeel attribute. These results are shown in Table 8. 
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Table 8 

Tests of Between-Subjects Effects for Prototype Vanilla Flavor 

 

Dependent variable: Acceptability 

Source Type III Sum of 

Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model    40.418a 50 .808 4.109 .000 .675 

Intercept          16.867 1 16.867 85.742 .000 .464 

Country              .036 1 .036 .184 .669 .002 

Sweetness             1.037 3 .346 1.757 .160 .051 

Mouthfeel             9.367 2 4.683 23.808 .000 .325 

Color               .352 3 .117 .597 .618 .018 

Aroma               .052 2 .026 .133 .876 .003 

Sweetness * mouthfeel             1.792 5 .358 1.821 .116 .084 

Sweetness * color               .350 3 .117 .593 .621 .018 

Sweetness * aroma             1.038 3 .346 1.759 .160 .051 

Mouthfeel * color               .662 2 .331 1.684 .191 .033 

Mouthfeel * aroma                .417 4 .104 .530 .714 .021 

Color * aroma                .078 2 .039 .199 .820 .004 

Sweetness * mouthfeel 

* color 

               .228 1 .228 1.160 .284 .012 

Sweetness * mouthfeel 

* aroma 

.950 6 .158 .805 .568 .047 

Sweetness * color * 

aroma 

.267 2 .133 .677 .510 .014 

Mouthfeel * color * 

aroma 

1.255 3 .418 2.126 .102 .061 

Sweetness * mouthfeel 

* color * aroma 

.268 1 .268 1.362 .246 .014 

Error   19.475 99 .197    

Total 490.000 150     

Corrected Total 59.893 149     

a. R Squared = .675 (Adjusted R Squared = .511); alpha= 0.05 
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The pairwise comparisons test indicated that the main effect of 

“mouthfeel” was significantly different, p <0.05, between the levels “Just about 

right and Somewhat gritty”, “Just about right and Very gritty”, and between 

“Somewhat gritty and Very gritty” for the prototype vanilla flavor. This seems to 

indicate that overall acceptability for prototype vanilla flavor was affected when 

grittiness was perceived in the product or it was perceived as too much. “Very 

gritty” was rated the lowest among the levels, M = 1.08 of the mouthfeel attribute 

for the prototype vanilla flavor. These results are shown in Table 9. 
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Table 9  

Pairwise Comparisons among Mouthfeel Levels for Prototype Vanilla Flavor 

 

Dependent variable: Acceptability 

(I) Mouthfeel (J) 

Mouthfeel Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

gritty 

.571*,a,b .128 .000 .317 .824 

Very gritty 1.287*,a,b .132 .000 1.025 1.548 

Somewhat 

gritty 

Just about 

right 

-.571*,a,b .128 .000 -.824 -.317 

Very gritty .716*,a,b .110 .000 .497 .935 

Very gritty Just about 

right 

-1.287*,a,b .132 .000 -1.548 -1.025 

Somewhat 

gritty 

-.716*,a,b .110 .000 -.935 -.497 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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In addition, the pairwise comparisons test indicated that the main effect 

“color” was significantly different, p <0.05, between the levels “Much too light and 

Somewhat light”, “Much too light and Just about right”, and between “Much too 

light and Somewhat dark”.  No difference was found between the levels 

“Somewhat light and Just about right”, “Somewhat light and Somewhat dark”, or 

between “Just about right and Somewhat dark”. This seems to indicate that 

acceptability was reduced when color was perceived to be in the extremes of 

lightness or darkness. “Much too light” was rated the lowest among the different 

levels for the color attribute, M = 1.18 for the prototype vanilla flavor. These 

results are shown in Table 10.
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Table 10 

Pairwise Comparisons among Color Levels for Prototype Vanilla Flavor 

 

(I) Color (J) Color Mean 

Difference  

(I-J) 

Std. 

Error Sig.
c
 

95% Confidence Interval for 

Difference
c
 

Lower Bound Upper Bound 

Much too light Somewhat 

light 

-.475
*,a,b

 .222 .034 -.915 -.036 

Just about 

right 

-.497
*,a,b

 .211 .020 -.916 -.078 

Somewhat 

dark 

-.788
*,a,b

 .308 .012 -1.399 -.177 

Somewhat 

light 

Much too light .475
*,a,b

 .222 .034 .036 .915 

Just about 

right 

-.022
a,b

 .105 .836 -.229 .186 

Somewhat 

dark 

-.312
a,b

 .261 .235 -.831 .206 

Just about 

right 

Much too light .497
*,a,b

 .211 .020 .078 .916 

Somewhat 

light 

.022
a,b

 .105 .836 -.186 .229 

Somewhat 

dark 

-.290
a,b

 .251 .249 -.788 .207 

Somewhat 

dark 

Much too light .788
*,a,b

 .308 .012 .177 1.399 

Somewhat 

light 

.312
a,b

 .261 .235 -.206 .831 

Just about 

right 

.290
a,b

 .251 .249 -.207 .788 

 
Based on estimated marginal means 
*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

88 

 

Results for prototype strawberry flavor 

The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel” on overall acceptability for the prototype strawberry flavor, F (2, 67)= 

4.29, p < 0.05, accounting for a variability on overall acceptability of 11.4% (eta-

squared= 0.114).  This effect indicates that if all other variables are ignored, 

panelists‟ ratings were significantly different for the mouthfeel attribute. These 

results are shown in Table 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

89 

 

Table 11 

 Tests of Between-Subjects Effects for Prototype Strawberry Flavor 
 
 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares Df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 8.273a 22 .376 1.624 .067 .348 

Intercept             8.937 1 8.937 38.590 .000 .365 

Country               .161 1 .161 .695 .408 .010 

Sweetness                .135 2 .067 .291 .748 .009 

Mouthfeel              1.987 2 .993 4.290 .018 .114 

Color                .052 2 .026 .113 .894 .003 

Aroma                .595 2 .297 1.284 .284 .037 

Sweetness * 

mouthfeel 

               .135 2 .068 .293 .747 .009 

Sweetness * color                .104 1 .104 .448 .506 .007 

Sweetness * aroma .141 2 .070 .304 .739 .009 

Mouthfeel * color .094 2 .047 .203 .817 .006 

Mouthfeel * aroma .285 3 .095 .411 .746 .018 

Color * aroma .060 1 .060 .261 .611 .004 

Sweetness * 

mouthfeel * color 

.000 1 .000 .001 .978 .000 

Sweetness * 

mouthfeel * aroma 

.000 0 . . . .000 

Sweetness * color * 

aroma 

.141 1 .141 .608 .438 .009 

Mouthfeel * color * 

aroma 

.000 0 . . . .000 

Sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 15.516 67 .232    

Total 203.000 90     

Corrected Total 23.789 89     

a. R Squared = .348 (Adjusted R Squared = .134); alpha= 0.05 
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The pairwise comparisons test indicated that the main effect of 

“mouthfeel” was significantly different, p <0.05, between the levels “Just about 

right and Somewhat gritty” and between “Just about right and Very gritty” for the 

prototype strawberry flavor. No difference was found between the levels 

“Somewhat gritty and Very gritty”, p >0.05. This seems to indicate decreased 

acceptability of this flavor based on the perception of presence of grittiness in the 

prototype strawberry flavor.  “Very gritty” was rated the lowest among the 

different levels for the mouthfeel attribute, M=1.05 for the prototype strawberry 

flavor. These results are shown in Table 12. 
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Table 12 

Pairwise Comparisons among Mouthfeel Levels for Prototype Strawberry Flavor 

Dependent variable: Acceptability 

(I) Mouthfeel (J) 

Mouthfeel Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

gritty 

.718*,a,b .249 .005 .220 1.215 

Very gritty .935*,a,b .279 .001 .379 1.491 

Somewhat 

gritty 

Just about 

right 

-.718*,a,b .249 .005 -1.215 -.220 

Very gritty .218a,b .197 .274 -.176 .611 

Very gritty Just about 

right 

-.935*,a,b .279 .001 -1.491 -.379 

Somewhat 

gritty 

-.218a,b .197 .274 -.611 .176 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Results for prototype natural flavor 

The tests of Between-Subjects Effects showed no significant main effect 

or interaction effect of “sweetness,” “mouthfeel,” “color” or “aroma” on overall 

acceptability for natural flavor p >0.05.  This effect indicates that the ratings of the 

different attributes did not show any significant effect on overall acceptability for 

the prototype natural flavor. These results are shown in Table 13.  The pairwise 

comparisons test was conducted to confirm these findings. Through the pairwise 

comparisons test, it was possible to evaluate the effect of the attributes tested 

among their different levels as well as their interactions to establish any effect or 

the lack of it on overall acceptability for the prototype natural flavor.    
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Table 13 
Tests of Between-Subjects Effects for Prototype Natural Flavor 
 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 10.808a 24 .450 1.638 .043 .239 

Intercept 6.273 1 6.273 22.818 .000 .154 

Country 3.620 1 3.620 13.167 .000 .095 

Sweetness .465 2 .232 .846 .432 .013 

Mouthfeel 1.384 2 .692 2.518 .085 .039 

Color .365 2 .182 .664 .517 .011 

Aroma .004 2 .002 .007 .993 .000 

Sweetness * 

mouthfeel 

.587 3 .196 .711 .547 .017 

Sweetness * color .043 1 .043 .156 .694 .001 

Sweetness * aroma .005 1 .005 .018 .894 .000 

Mouthfeel * color .112 2 .056 .203 .817 .003 

Mouthfeel * aroma .112 2 .056 .203 .816 .003 

Color * aroma .011 2 .006 .021 .979 .000 

Sweetness * 

mouthfeel * color 

.100 1 .100 .362 .548 .003 

Sweetness * 

mouthfeel * aroma 

.043 1 .043 .155 .694 .001 

Sweetness * color * 

aroma 

.000 0 . . . .000 

Mouthfeel * color * 

aroma 

.000 0 . . . .000 

Sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 34.366 125 .275    

Total 362.000 150     

Corrected Total 45.173 149     

a. R Squared = .239 (Adjusted R Squared = .093); alpha= 0.05 
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The pairwise comparisons test indicated that the main effect of 

“mouthfeel” was significantly different, p <0.05, between the levels “Just about 

right and Somewhat gritty” and between the levels “Just about right and Very 

gritty” for the prototype natural flavor. No significant difference was found 

between the levels “Somewhat gritty and Very gritty”, p >0.05. This seems to 

indicate a decrease of overall acceptability when grittiness is perceived in the 

product. “Very gritty” was rated the lowest among the different levels for the 

mouthfeel attribute, M = 1.28, for the prototype natural flavor. These results are 

shown in Table 14. 
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Table 14 

Pairwise Comparisons among the Mouthfeel Levels for Prototype Natural Flavor 
 

(I) Mouthfeel (J) 

Mouthfeel Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

gritty 

.521*,a,b .194 .008 .138 .904 

Very gritty .542*,a,b .243 .027 .061 1.023 

Somewhat 

gritty 

Just about 

right 

-.521*,a,b .194 .008 -.904 -.138 

Very gritty .021a,b .200 .915 -.375 .418 

Very gritty Just about 

right 

-.542*,a,b .243 .027 -1.023 -.061 

Somewhat 

gritty 

-.021a,b .200 .915 -.418 .375 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

96 

 

Reformulation of the Prototype Formulas 

The statistical analysis of the prototype products showed a low 

acceptability for these products. The researcher and the development team at 

Breedlove Foods Inc. interpreted the data, and adjustments to the prototype 

formulas were made according to the statistical results.  Adjustments to 

sweetness were made on all the different flavors. Color adjustments were made 

for chocolate and strawberry flavors. The vanilla and natural flavors did not have 

any coloring agent added to them. In addition, adding emulsifiers and bodying 

agents to the formula reduced the problem of grittiness. Emulsifiers allowed the 

particles to be kept in suspension, minimizing the separation of solids and the 

liquid portion once water was added to the dry mixes. Bodying agents were used 

to provide better dispersibility of the solids in solution. Off odor problems were 

addressed through the supplier of the full fat soy. The producers allowed more 

time for the roasting process to increase a nutty aroma and reduced the bean 

aroma, which sometimes caused rejection. The new reformulated products were 

submitted for sensorial testing in Honduras, Nicaragua, and the Dominican 

Republic in the same institutions in which the prototype formulas were tested.   
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The reformulated products followed the same procedure as the 

prototypes. Positive response for assurance of acceptability was defined by the 

researcher as any response equal to having a score of “3= Just about right” for 

sweetness and color; “3= Just about right”, 4= Somewhat smooth, and 5= Very 

smooth for mouthfeel; and “4= Pleasant” and “5= Very pleasant” for aroma. 

Based on the stated criteria, the positive responses for perception of 

sweetness for the reformulated products was as follows: 88% for reformulated 

vanilla, 82% for reformulated chocolate; 74% for reformulated strawberry; and 

77% for reformulated natural.  The positive responses for mouthfeel perception 

were: 91% for reformulated vanilla; 81% for reformulated chocolate; 67% for 

reformulated strawberry; and 77% for reformulated natural flavor.  For the color 

attribute, the percentages of positive responses were: 85% for reformulated 

vanilla; 67% for reformulated chocolate; 87% for reformulated strawberry; and 

75% for reformulated natural flavor.  Finally, the percentage of positive 

responses for the aroma attribute was: 96% for reformulated vanilla; 85% for 

reformulated chocolate; 97% for reformulated strawberry; and 78% for 

reformulated natural flavor. The total number of positive responses per attribute 

per flavor and their equivalent percentage for the assessment of overall 

acceptability of the reformulated products are shown in Table 15. 

 
 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

98 

 

Table 15 

Percentage of Positive Responses per Attribute per Reformulated Flavor 
 

 

ATTRIBUTES 

VANILLA CHOCOLATE STRAWBERRY NATURAL 

TPR PPR (%) TPR PPR (%) TPR PPR (%) TPR PPR (%) 

SWEETNESS 132 88 123 82 111 74 116 77 

MOUTHFEEL 136 91 121 81 101 67 115 77 

COLOR 127 85 101 67 131 87 113 75 

AROMA 144 96 127 85 145 97 117 78 

TPR= Total Positive Responses; PPR= Percent Positive Responses. 

 

The number of positive responses for the ratings of the different attributes 

between the prototypes products and their reformulated formulas is shown in 

Table 16. Based on these results, the incremental increase of the number of 

positive responses obtained on the perception of the different attributes across 

the four reformulated flavors was notable, with the exception of the reformulated 

natural flavor. The reformulated natural flavor showed a lower rating for color 

when compared to the results for color for the prototype natural flavor. The 

prototype strawberry flavor was rated the lowest for positive perception for all its 

different attributes when compared to the positive responses given by the 

panelists for the other reformulated flavors. The reformulated chocolate flavor 

showed the lowest rating perception for the color attribute among all the 
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reformulated products. The reformulated strawberry flavor showed the lowest 

perception rating for the mouthfeel attribute among all the reformulated products. 

 
Table 16 
 
Comparison of Positive Responses per Attribute between Prototype Flavors and 
Reformulated Flavors 
 
 

ATTRIBUTES VANILLA CHOCOLATE STRAWBERRY NATURAL 

PT (%) RF (%) PT (%) RF (%) PT (%) RF (%) PT (%) RF (%) 

SWEETNESS 60   88 60 82 27 74 76 77 

MOUTHFEEL 20   91 23 81  3 67 11 77 

COLOR 67   85 67 67 47 87 84 75 

AROMA 69   96 69 85 57 97 75 78 

PT = Prototype; RF= Reformulated 

 

The researcher established as positive or desirable acceptability of a 

flavor any response that rated overall acceptability of the different flavors as 

equal to “4= Like moderately” and/or “5 = Like extremely”. Table 17 shows the 

comparison of positive percentage results between the prototype formulas and 

their reformulations on overall acceptability.  
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Table 17 

 
Comparison of Percent of Positive Responses on Overall Acceptability between 
the Prototype Flavor Formulas and the Flavor Reformulations 
 

PRODUCTS PROTOTYPE (%) REFORMULATION (%) 

VANILLA    0.7 93.0 

CHOCOLATE 41.0 90.0 

STRAWBERRY    0.0 66.0 

NATURAL    0.7 82.0 

 
 

The improvement in the reformulated products was noticeable not only 

when evaluating the attributes (sweetness, mouthfeel, color and aroma) 

individually but also when analyzing ratings of their overall acceptability. After 

reformulation of the prototype formulas, the highest sensorial overall acceptability 

rating (93%) was for the reformulated vanilla flavor, and the lowest rating for 

overall acceptability (66%) was for the reformulated strawberry flavor.  
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Factorial ANCOVA Results for Reformulated Products 

Results for reformulated vanilla flavor 

The tests of Between-Subjects Effects showed a significant main effect of 

“sweetness”, F (1, 131) = 13.63, p < 0.05, accounting for a variability of 9.4% 

(eta-squared= 0.094) and “aroma”, F (2, 131) = 7.37, p < 0.05, accounting for a 

variability of 10.1% (eta-squared = 0.101) on overall acceptability for 

reformulated vanilla flavor.  In addition, there was a significant interaction effect 

between “sweetness and mouthfeel”, F (2, 131), p < 0.05, accounting for a 

variability of 15.9% (eta-squared = 0.159), and between “mouthfeel and aroma”, 

F (3, 131), p < 0.05, accounting for a variability of 7.2% (eta-squared = 0.072). 

This effect indicates that panelists‟ ratings were significantly different for 

sweetness and aroma attributes and their interactions. These results are shown 

in Table 18. 
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Table 18 
Tests of Between-Subjects Effects for Reformulated Vanilla Flavor 
 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 49.792a 18 2.766 23.070 .000 .760 

Intercept        131.170 1 131.170 1093.929 .000 .893 

Country               .675 1 .675 5.632 .019 .041 

Sweetness             1.635 1 1.635 13.637 .000 .094 

Mouthfeel               .321 2 .160 1.337 .266 .020 

Color                .243 1 .243 2.027 .157 .015 

Aroma              1.769 2 .884 7.375 .001 .101 

Sweetness * 

mouthfeel 

2.977 2 1.489 12.415 .000 .159 

Sweetness * color 2.284E-5 1 2.284E-5 .000 .989 .000 

Sweetness * 

aroma 

.026 1 .026 .219 .641 .002 

Mouthfeel * color .438 1 .438 3.654 .058 .027 

Mouthfeel * aroma 1.222 3 .407 3.396 .020 .072 

Color * aroma .000 0 . . . .000 

Sweetness * 

mouthfeel * color 

.155 1 .155 1.296 .257 .010 

Sweetness * 

mouthfeel * aroma 

.000 0 . . . .000 

Sweetness * color 

* aroma 

.000 0 . . . .000 

Mouthfeel * color * 

aroma 

.000 0 . . . .000 

Sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 15.708 131 .120    

Total 3103.000 150     

Corrected Total 65.500 149     

a. R Squared = .760 (Adjusted R Squared = .727); alpha= 0.05 
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The pairwise comparisons test indicated that the main effect of 

“sweetness” was significantly different, p <0.05, between the levels “Just about 

right and A little too sweet” for the reformulated vanilla flavor. This seems to 

indicate an increased acceptability of this flavor based on the perception of a 

certain level of sweetness associated with the flavor. “Just about right” was rated 

higher for the sweetness attribute, M = 4.17 for the reformulated vanilla flavor. 

These results are shown in Table 19. 

 

Table 19 
 
Pairwise Comparisons among Sweetness Levels for Reformulated Vanilla 
Flavor 
 

Dependent variable: Acceptability 

(I) 

Sweetness 

(J) 

Sweetness Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

A little too 

sweet 

.590*,a,b .129 .000 .335 .845 

A little too 

sweet 

Just about 

right 

-.590*,a,b .129 .000 -.845 -.335 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test indicated that the main effect of 

“mouthfeel” was significantly different, p<0.05, between the levels “Very smooth 

and Somewhat smooth” and between “Very smooth and Just about right.” No 

significant difference was found between the levels “Somewhat smooth and Just 

about right” p >0.05 for the reformulated vanilla flavor. This seems to indicate an 

increased acceptability of the reformulated vanilla flavor based on the perception 

of an increment of smoothness in mouthfeel. “Very smooth” was rated higher 

among the levels, for the mouthfeel attribute, M=4.15 for the reformulated vanilla 

flavor. These results are shown in Table 20. 
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Table 20 

 
Pairwise Comparisons Among Mouthfeel Levels for Reformulated Vanilla Flavor 
 

 

Dependent variable: Acceptability 

(I) Mouthfeel (J) Mouthfeel 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Very smooth Somewhat 

smooth 

.414*,a,b .145 .005 .128 .701 

Just about 

right 

.266*,a,b .132 .046 .005 .527 

Somewhat 

smooth 

Very smooth -.414*,a,b .145 .005 -.701 -.128 

Just about 

right 

-.148a,b .175 .397 -.494 .197 

Just about 

right 

Very smooth -.266*,a,b .132 .046 -.527 .005 

Somewhat 

smooth 

       .148a,b .175 .397 -.197 .494 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

106 

 

The pairwise comparisons test indicated that the main effect of “color” was 

significantly different, p < 0.05, between the levels of “Just about right and 

Somewhat dark” for the reformulated vanilla flavor. This seems to indicate that 

acceptability of this flavor is based on a specific level of perceivable color 

intensity. “Just about right” was rated higher for the color attribute, M = 4.15 for 

the reformulated vanilla flavor. These results are shown in Table 21.  

 

Table 21 

Pairwise Comparisons among Color Levels for Reformulated Vanilla Flavor 

Dependent variable: Acceptability 

(I) Color (J) Color 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

dark 

.616*,a,b .132 .000 .355 .877 

Somewhat 

dark 

Just about 

right 

-.616*,a,b .132 .000 -.877 -.355 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test indicated that the main effect “aroma” was 

significantly different, p < 0.05, between the levels “very pleasant and neutral” 

and “pleasant and neutral.” No significant difference was found between the 

levels “very pleasant and pleasant,” p >0.05 for the reformulated vanilla flavor. 

This seems to indicate that the acceptability of the flavor was based on the 

perception of a pleasant aroma.  “Very pleasant” was rated higher among the 

levels for the aroma attribute, M = 4.16, for the reformulated vanilla flavor. These 

results are shown in Table 22. 
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Table 22 

 

Pairwise Comparisons among Aroma Levels for Reformulated Vanilla Flavor 

 

Dependent variable: Acceptability 

(I) Aroma (J) Aroma 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence Interval 

for Differencec 

Lower 

Bound 

Upper 

Bound 

Very 

pleasant 

Pleasant        .127a,b .143 .376 -.155 .409 

Neutral .909a,b,* .219 .000 .475 1.342 

Pleasant Very 

pleasant 

-.127a,b .143 .376 -.409 .155 

Neutral .782a,b,* .190 .000 .406 1.158 

Neutral Very 

pleasant 

-.909a,b,* .219 .000 -1.342 -.475 

Pleasant -.782a,b,* .190 .000 -1.158 -.406 

 
Based on estimated marginal means 

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

*. The mean difference is significant at the  
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Results for reformulated chocolate flavor 

The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel”, F (3, 121)=2.79, p < 0.05, on overall acceptability for reformulated 

chocolate flavor, accounting for a variability of 6.5% (eta-squared = 0.065). In 

addition, “color” also had a significant main effect, F (1, 121)=4.44, p < 0.05, 

accounting for a variability of 3.5% (eta-squared = 0.035). This effect indicates 

that panelists‟ ratings were only significantly different for the mouthfeel and the 

color attributes. These results are shown in Table 23. 
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Table 23 

Tests of Between-Subjects Effects for Reformulated Chocolate Flavor 
 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 21.746a 28 .777 2.077 .004 .325 

Intercept        170.820 1 170.820 456.806 .000 .791 

Country            2.366 1 2.366 6.326 .013 .050 

Sweetness              .591 1 .591 1.580 .211 .013 

Mouthfeel            3.131 3 1.044 2.791 .043 .065 

Color            1.663 1 1.663 4.446 .037 .035 

Aroma              .118 2 .059 .158 .854 .003 

Sweetness * 

mouthfeel 

           1.365 2 .682 1.825 .166 .029 

Sweetness * color             .015 1 .015 .041 .840 .000 

Sweetness * aroma             .002 2 .001 .003 .997 .000 

Mouthfeel * color             .807 2 .404 1.080 .343 .018 

Mouthfeel * aroma            2.615 4 .654 1.748 .144 .055 

Color * aroma              .347 2 .174 .464 .630 .008 

Sweetness * 

mouthfeel * color 

             .115 2 .057 .153 .858 .003 

Sweetness * 

mouthfeel * aroma 

             .000 1 .000 .001 .978 .000 

Sweetness * color * 

aroma 

             .153 2 .076 .204 .816 .003 

Mouthfeel * color * 

aroma 

              .008 1 .008 .022 .881 .000 

Sweetness * 

mouthfeel * color * 

aroma 

               .000 0 . . . .000 

Error 45.247 121 .374    

Total 2875.000 150     

Corrected Total 66.993 149     

a. R Squared = .325 (Adjusted R Squared = .168); alpha = 0.05 
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The pairwise comparisons test indicated that the main effect “sweetness” 

was significantly different, p <0.05, between the levels of “Slightly sweet and 

Just about right” for reformulated chocolate flavor. This seems to indicate that 

acceptability depended of a specific perceived sweetness level. “Just about 

right” was rated highest between the levels, M = 4.39 for reformulated chocolate 

flavor. These results are shown in Table 24. 

 

Table 24 
 
Pairwise Comparisons among Sweetness Levels for Reformulated Chocolate 
Flavor 
 

Dependent variable: Acceptability 

(I) 

Sweetness 

(J) 

Sweetness Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Slightly 

sweet 

Just about 

right 

-.390*,a,b .172 .025 -.730 -.050 

Just about 

right 

Slightly 

sweet 

.390*,a,b .172 .025 .050 .730 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test indicated that the main effect “mouthfeel” 

was significantly different, p <0.05, between the levels “Very smooth and 

Somewhat gritty,” “Somewhat smooth and Just about right”, and between the 

levels “Somewhat smooth and Somewhat gritty” for the reformulated chocolate 

flavor. No significant difference was found between the levels “Very smooth and 

Somewhat smooth”, “Very smooth and Just about right”. This seems to indicate 

that any perceivable grittiness decreases acceptability. “Very smooth” was rated 

higher among the levels for the mouthfeel attribute, M = 4.171 for the 

reformulated chocolate flavor. These results are shown in Table 25.  
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Table 25 

Pairwise Comparisons among Mouthfeel levels for Reformulated Chocolate 
Flavor 
 

Dependent variable: Acceptability 

(I) Mouthfeel (J) Mouthfeel 

Mean 

Difference (I-J) 

Std. 

Error Sig.b 

95% Confidence Interval 

for Differenceb 

Lower 

Bound 

Upper 

Bound 

Very smooth Somewhat 

smooth 

.304a .179 .091 -.050 .658 

Just about 

right 

-.394a .244 .110 -.877 .090 

Somewhat 

gritty 

-.760a,* .333 .024 -1.419 -.102 

Somewhat 

smooth 

Very smooth -.304c .179 .091 -.658 .050 

Just about 

right 

-.698a,*,c .266 .010 -1.225 -.171 

Somewhat 

gritty 

-1.065a,*,c .354 .003 -1.765 -.364 

Just about 

right 

Very smooth .394c .244 .110 -.090 .877 

Somewhat 

smooth 

.698a,*,c .266 .010 .171 1.225 

Somewhat 

gritty 

-.367a,c .380 .337 -1.120 .387 

Somewhat 

gritty 

Very smooth .760*,c .333 .024 .102 1.419 

Somewhat 

smooth 

1.065a,*,c .354 .003 .364 1.765 

Just about 

right 

.367a,c .380 .337 -.387 1.120 

 
Based on estimated marginal means 

a. An estimate of the modified population marginal mean (J). 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

*. The mean difference is significant at the  

c. An estimate of the modified population marginal mean (I). 
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The pairwise comparisons test indicated that the main effect “color” was 

significantly different, p <0.05, between the levels “Somewhat light and Just 

about right” for the reformulated chocolate flavor. This seems to indicate that a 

specific color shade is associated with acceptability.  “Just about right” was rated 

the highest between the levels for the color attribute, M =4.38 for the 

reformulated chocolate flavor. These results are shown in Table 26.     

 
Table 26 
 
Pairwise Comparisons among Color Levels for Reformulated Chocolate Flavor 

 

 

Dependent variable: Acceptability 

(I) Color (J) Color 

Mean 

Difference (I-

J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Somewhat 

light 

Just about 

right 

-.355*,a,b .163 .032 -.677 -.032 

Just about 

right 

Somewhat 

light 

.355*,a,b .163 .032 .032 .677 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Results for reformulated strawberry flavor.  

The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel”, F (4, 120) = 34.32, p < 0.05, accounting for a variability of 53.4% 

(eta-squared = 0.534), and the interaction effect of “sweetness and mouthfeel”, F 

(4, 120) = 2.99, p < 0.05, accounting for a variability of 9.1% (eta-squared = 

0.091) on overall acceptability for reformulated strawberry flavor.  This effect 

indicates that panelists‟ ratings were significantly different for the mouthfeel 

attribute and its interactions. These results are shown in table 27. 
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Table 27 

Tests of Between-Subjects Effects for Reformulated Strawberry Flavor 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 373.901a 29 12.893 61.220 .000 .937 

Intercept 42.472 1 42.472 201.669 .000 .627 

Country 1.921 1 1.921 9.123 .003 .071 

Sweetness .932 2 .466 2.213 .114 .036 

Mouthfeel 28.913 4 7.228 34.322 .000 .534 

Color .416 2 .208 .988 .375 .016 

Aroma .684 2 .342 1.624 .201 .026 

sweetness * 

mouthfeel 

2.521 4 .630 2.993 .021 .091 

sweetness * color .797 1 .797 3.784 .054 .031 

sweetness * aroma .487 2 .243 1.155 .318 .019 

mouthfeel * color .251 3 .084 .398 .755 .010 

mouthfeel * aroma 1.458 4 .365 1.731 .148 .055 

color * aroma .039 1 .039 .187 .666 .002 

sweetness * 

mouthfeel * color 

.131 1 .131 .622 .432 .005 

sweetness * 

mouthfeel * aroma 

.237 2 .118 .562 .571 .009 

sweetness * color * 

aroma 

.000 0 . . . .000 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 25.272 120 .211    

Total 2286.000 150     

Corrected Total 399.173 149     

a. R Squared = .937 (Adjusted R Squared = .921); alpha = 0.05 

 



                                                                  Texas Tech University, Elbia Galo, August 2010 

 

 

117 

 

The pairwise comparisons test indicated that the main effect of 

“sweetness” is significantly different, p <0.05, between the levels “Just about right 

and A little too sweet”, “Just about right and Much too sweet” and “A little too 

sweet and Much too sweet” for the reformulated strawberry flavor. This seems to 

indicate that the acceptability of this flavor was based on the perception of a 

specific level of sweetness associated with this flavor. “Just about right” was 

rated higher among the levels for the sweetness attribute, M=3.33 for the 

reformulated strawberry flavor. These results are shown in Table 28. 
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Table 28 

 
Pairwise Comparisons among Sweetness levels for Reformulated Strawberry 
Flavor 
 

Dependent variable: Acceptability 

(I) 

Sweetness 

(J) 

Sweetness Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

A little too 

sweet 

.547*,a,b .133 .000 .284 .811 

Much too 

sweet 

2.043*,a,b .473 .000 1.107 2.980 

A little too 

sweet 

Just about 

right 

-.547*,a,b .133 .000 -.811 -.284 

Much too 

sweet 

1.496*,a,b .481 .002 .544 2.448 

Much too 

sweet 

Just about 

right 

-2.043*,a,b .473 .000 -2.980 -1.107 

A little too 

sweet 

-1.496*,a,b .481 .002 -2.448 -.544 

 
Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test also indicated that the main effect of 

“mouthfeel” is significantly different, p<0.05, between the levels “Very smooth 

and Somewhat gritty”, “Very smooth and Very gritty”, “Somewhat smooth and 

Somewhat gritty”, “Somewhat smooth and Very gritty”, “Just about right and 

Somewhat gritty” and “Just about right and Very gritty” for the reformulated 

strawberry flavor. No significant difference was found between the levels “Very 

smooth and Somewhat smooth”, “Very smooth and Just about right”, “Somewhat 

smooth and Just about right” or “Somewhat gritty and Very gritty.” This result 

seems to indicate that the acceptability of this formula was based on the 

perception of at least a certain level of smooth mouthfeel. “Somewhat smooth” 

was rated higher among the levels for the mouthfeel attribute, M= 4.36 for the 

reformulated strawberry flavor. These results are shown in Table 29. 
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Table 29 
 
Pairwise Comparisons among Mouthfeel Levels for Reformulated Strawberry 
Flavor 
 

Dependent variable: Acceptability 

(I) Mouthfeel (J) Mouthfeel 

Mean Difference 

(I-J) 

Std. 

Error Sig.
c
 

95% Confidence Interval for 

Difference
c
 

Lower Bound Upper Bound 

Very smooth Somewhat 

smooth 

-.180
a,b

 .202 .374 -.579 .219 

Just about right .232
a,b

 .186 .214 -.136 .600 

Somewhat gritty 2.618
a,b,*

 .219 .000 2.184 3.053 

Very gritty 2.892
a,b,*

 .309 .000 2.281 3.503 

Somewhat 

smooth 

very smooth .180
a,b

 .202 .374 -.219 .579 

Just about right .412
a,b

 .224 .068 -.031 .856 

Somewhat gritty 2.798
a,b,*

 .230 .000 2.342 3.254 

Very gritty 3.072
a,b,*

 .316 .000 2.446 3.699 

Just about right Very smooth -.232
a,b

 .186 .214 -.600 .136 

Somewhat 

smooth 

-.412
a,b

 .224 .068 -.856 .031 

Somewhat gritty 2.386
a,b,*

 .239 .000 1.913 2.860 

Very gritty 2.660
a,b,*

 .323 .000 2.021 3.300 

Somewhat gritty Very smooth -2.618
a,b,*

 .219 .000 -3.053 -2.184 

Somewhat 

smooth 

-2.798
a,b,*

 .230 .000 -3.254 -2.342 

Just about right -2.386
a,b,*

 .239 .000 -2.860 -1.913 

Very gritty .274
a,b

 .264 .302 -.249 .797 

Very gritty Very smooth -2.892
a,b,*

 .309 .000 -3.503 -2.281 

Somewhat 

smooth 

-3.072
a,b,*

 .316 .000 -3.699 -2.446 

Just about right -2.660
a,b,*

 .323 .000 -3.300 -2.021 

Somewhat gritty -.274
a,b

 .264 .302 -.797 .249 

 
a. Covariates appearing in the model are evaluated at the following values: country = 2.0000. 

b. Based on modified population marginal mean. 
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The pairwise comparisons test indicated that the main effect of “color” was 

significantly different, p < 0.05, between the levels of “Just about right and 

Somewhat dark”, “Just about right and Much too dark”, and “Somewhat dark and 

Much too dark.” This seems to indicate that the acceptability of this flavor was 

based on the perception of a lighter color. “Somewhat dark” was rated higher 

among the levels for the color attribute, M = 3.38 for the reformulated strawberry 

flavor. These results are shown in Table 30. 
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Table 30 

Pairwise Comparisons among Color Levels for Reformulated Strawberry Flavor 

 
 

Dependent variable: Acceptability 

(I) Color (J) Color 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Just about 

right 

Somewhat 

dark 

-.347*,a,b .148 .021 -.641 -.053 

Much too 

dark 

1.742*,a,b .472 .000 .808 2.675 

Somewhat 

dark 

Just about 

right 

.347*,a,b .148 .021 .053 .641 

Much too 

dark 

2.089*,a,b .489 .000 1.121 3.056 

Much too 

dark 

Just about 

right 

-1.742*,a,b .472 .000 -2.675 -.808 

Somewhat 

dark 

-2.089*,a,b .489 .000 -3.056 -1.121 

 

Based on estimated marginal means 

*. The mean difference is significant at the  

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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The pairwise comparisons test indicated that the main effect “aroma” is 

significantly different, p < 0.05 between the levels “Very pleasant and Pleasant,” 

“Very pleasant and neutral,” and “Pleasant and neutral.” This seems to indicate 

that increased acceptability was based on an increased rating of pleasant 

perception of aroma for the reformulated strawberry flavor. “Very pleasant” was 

rated higher among the levels for the aroma attribute, M = 3.54 for the 

reformulated strawberry flavor. These results are shown in Table 31. 

 
Table 31 
 
Pairwise Comparisons among Aroma Levels for Reformulated Strawberry 
Flavor 
 
 

Dependent variable: Acceptability 

(I) Aroma (J) Aroma 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence Interval 

for Differencec 

Lower 

Bound 

Upper 

Bound 

Very 

pleasant 

Pleasant .585*,a,b .147 .000 .293 .877 

Neutral 1.182*,a,b .262 .000 .664 1.701 

Pleasant Very 

pleasant 

-.585*,a,b .147 .000 -.877 -.293 

Neutral .598*,a,b .234 .012 .133 1.062 

Neutral Very 

pleasant 

-1.182*,a,b .262 .000 -1.701 -.664 

Pleasant -.598*,a,b .234 .012 -1.062 -.133 

 

a. Covariates appearing in the model are evaluated at the following values: Country = 2.0000. 

b. Based on modified population marginal mean. 
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Results for reformulated natural flavor 
 
The tests of Between-Subjects Effects showed a significant main effect of 

“mouthfeel”, F (2, 126) = 3.46, p < 0.05, accounting for a variability of 5.2% (eta-

squared = 0.052), “aroma,” F (2, 126) = 34.16, p < 0.05, accounting for a 

variability of 35.2% (eta-squared = 0.352), and the interactions of “sweetness and 

mouthfeel,” F (1, 126) = 28.90, p < 0.05, accounting for a variability of 18.7% 

(eta-squared = 0.187), “sweetness and aroma,” F (2, 126) = 9.88, p<0.05, 

accounting for a variability of 13.6% (eta-squared = 0.136), “mouthfeel and 

aroma,” F (4, 126)= 7.76, p < 0.05, accounting for a variability of 19.8% (eta-

squared = 0.198), “color and aroma,” F (2, 126) = 5.80, p < 0.05, accounting for a 

variability of  8.4 % (eta-squared = 0.084), and among the interactions of 

“sweetness, mouthfeel, and aroma,” F (1, 126) = 15.44, p < 0.05, accounting for 

a variability of 10.9% (eta-squared = 0.109) on overall acceptability for 

reformulated natural flavor.  This effect indicates that panelists‟ ratings were 

significantly different for all variables and their interactions except color for the 

reformulated natural flavor. These results are shown in Table 32. 
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Table 32 

Tests of Between-Subjects Effects for Reformulated Natural Flavor 
 
 

Dependent variable: Acceptability 

Source Type III Sum 

of Squares df 

Mean 

Square F Sig. 

Partial Eta 

Squared 

Corrected Model 90.149a 23 3.920 17.644 .000 .763 

Intercept 124.474 1 124.474 560.320 .000 .816 

Country .018 1 .018 .081 .777 .001 

Sweetness .013 1 .013 .056 .813 .000 

Mouthfeel 1.537 2 .769 3.460 .034 .052 

Color .760 1 .760 3.422 .067 .026 

Aroma 15.177 2 7.589 34.160 .000 .352 

Sweetness * 

mouthfeel 

6.421 1 6.421 28.904 .000 .187 

Sweetness * color .503 1 .503 2.263 .135 .018 

Sweetness * aroma 4.394 2 2.197 9.889 .000 .136 

Mouthfeel * color .828 2 .414 1.864 .159 .029 

Mouthfeel * aroma 6.896 4 1.724 7.760 .000 .198 

Color * aroma 2.577 2 1.288 5.800 .004 .084 

Sweetness * 

mouthfeel * color 

.399 1 .399 1.796 .183 .014 

Sweetness * 

mouthfeel * aroma 

3.432 1 3.432 15.449 .000 .109 

Sweetness * color * 

aroma 

.000 0 . . . .000 

Mouthfeel * color * 

aroma 

.282 1 .282 1.271 .262 .010 

Sweetness * 

mouthfeel * color * 

aroma 

.000 0 . . . .000 

Error 27.991 126 .222    

Total 2739.000 150     

Corrected Total 118.140 149     

a. R Squared = .763 (Adjusted R Squared = .720); alpha = 0.05  
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The pairwise comparisons test indicated that the main effect of “aroma” for 

the reformulated natural flavor was significantly different, p <0.05, between the 

levels Pleasant and somewhat unpleasant, and “Neutral and somewhat 

unpleasant”, p <0.05 for the reformulated natural flavor. No significant difference 

was found between the levels “Pleasant and neutral” p >0.05. This seems to 

indicate that the acceptability for this flavor was based on a perceivable pleasant 

aroma in the product or at least the absence of unpleasant aroma. “Pleasant” 

and “neutral” were rated higher among the levels with M = 3.84 for both levels of 

aroma attribute for the reformulated natural flavor. These results are shown in 

Table 33. 
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Table 33 

Pairwise Comparisons among Aroma Levels for Reformulated Natural Flavor 
 
 

Dependent variable: Acceptability 

(I) Aroma (J) Aroma 

Mean 

Difference (I-

J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for 

Differencec 

Lower 

Bound 

Upper 

Bound 

Pleasant Neutral -.002a,b .155 .992 -.309 .306 

Somewhat 

unpleasant 

1.346a,b,* .174 .000 1.001 1.691 

Neutral Pleasant .002a,b .155 .992 -.306 .309 

Somewhat 

unpleasant 

1.348a,b,* .208 .000 .936 1.760 

Somewhat 

unpleasant 

Pleasant -1.346a,b,* .174 .000 -1.691 -1.001 

Neutral -1.348a,b,* .208 .000 -1.760 -.936 

 

a. Covariates appearing in the model are evaluated at the following values: Country = 2.0000. 

b. Based on modified population marginal mean. 

 

The pairwise comparisons test indicated that the main effect of 

“mouthfeel” for the reformulated natural flavor was significantly different, p <0.05, 

between the levels “Somewhat smooth and just about right.”  This seems to 

indicate that the acceptability for the reformulated natural flavor was based on a 

perceivable higher sense of smoothness. “Just about right” was rated lowest 

among the level with M = 3.056, and “Somewhat smooth” was rated the highest 

(M=3.631) among the levels of the mouthfeel attribute for the reformulated 

natural flavor. These results are shown in Table 34. 
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Table 34 

Pairwise Comparisons among Mouthfeel Levels for Reformulated Natural Flavor 

Dependent variable: Acceptability 

(I) Mouthfeel (J) Mouthfeel 

Mean 

Difference  

(I-J) 

Std. 

Error Sig.c 

95% Confidence 

Interval for Differencec 

Lower 

Bound 

Upper 

Bound 

Very smooth Somewhat 

smooth 

-.219a,b .143 .126 -.501 .063 

Just about 

right 

.355a,b .240 .141 -.119 .830 

Somewhat 

smooth 

Very smooth .219a,b .143 .126 -.063 .501 

Just about 

right 

.575a,b,* .237 .017 .106 1.044 

Just about 

right 

Very smooth -.355a,b .240 .141 -.830 .119 

Somewhat 

smooth 

-.575a,b,* .237 .017 -1.044 -.106 

Based on estimated marginal means 

a. An estimate of the modified population marginal mean (I). 

b. An estimate of the modified population marginal mean (J). 

c. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

*. The mean difference is significant at the 0.05 
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A significant main effect of mouthfeel on overall acceptability is observed 

for prototypes vanilla, chocolate and strawberry based on the results of the 

factorial ANCOVA.  Prototype chocolate flavor was the only flavor that showed a 

significant interaction effect among sweetness, mouthfeel, and color on overall 

acceptability.  No significant main effect or interaction effect was observed due to 

the different factors or attributes (sweetness, mouthfeel, color, and aroma) in the 

factorial ANCOVA analysis for prototype natural flavor, p >0.05. Table 35 shows 

a summary of the Tests of Between-Subjects Effects for the four prototypes‟ 

flavors. 

Table 35 

Summary of the Tests of Between-Subjects Effects for Prototype flavors 

DEPENDENT VARIABLE:  ACCEPTABILITY 
 

Flavor 

 

Source F Sig. 

Partial Eta 

Squared 

VANILLA Mouthfeel 23.808 .000 .325 

CHOCOLATE Mouthfeel 3.106 .049 .061 

 Mouthfeel*color 3.046 .032 .088 

 Sweetness*mouthfeel*color 3.975 .022 .077 

STRAWBERRY Mouthfeel 4.290 .018 .114 

NATURAL Sweetness 

Mouthfeel 

Color 

Aroma 

 >.05  

Alpha = 0.05     
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Based on the factorial ANCOVA analysis of the reformulated flavors, a 

significant main effect due to sweetness and aroma was found for the 

reformulated vanilla, chocolate, strawberry and natural flavors.  In addition, this 

analysis showed a significant interaction effect of sweetness and mouthfeel on 

overall acceptability for the reformulated vanilla, chocolate and natural flavors. A 

significant interaction effect between mouthfeel and aroma was found for the 

reformulated vanilla and natural flavor.  

 Reformulated chocolate flavor showed a significant main effect of 

mouthfeel and the interaction of sweetness and mouthfeel on overall 

acceptability. Reformulated strawberry flavor presented a significant main effect 

of mouthfeel on overall acceptability.  Reformulated natural flavor factorial 

ANCOVA analysis indicated a significant main effect of mouthfeel and aroma. In 

addition, factorial ANCOVA indicated significant interactions between sweetness 

and mouthfeel, sweetness and aroma, mouthfeel and aroma, color and aroma, 

and among sweetness, mouthfeel, and aroma on overall acceptability of this 

reformulated flavor. Table 36 shows a summary of the Tests of Between-

Subjects Effects for the four Reformulated flavors. 
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Table 36 

Summary of the Tests of Between-Subjects Effects for Reformulated flavors. 

DEPENDENT VARIABLE: ACCEPTABILITY 
 

Flavor 

 

Source F Sig. 

Partial Eta 

Squared 

Vanilla Sweetness 

Aroma 

Sweetness*mouthfeel 

Mouthfeel*aroma 

13.637 

7.375 

12.415 

3.396 

.000 

.001 

.000 

.020 

.094 

.101 

.159 

.072 

Chocolate Mouthfeel 34.322 .000 .534 

 Sweetness*mouthfeel 2.993 .021 .091 

Strawberry Mouthfeel 4.290 .018 .114 

Natural Mouthfeel 

Aroma 

Sweetness*mouthfeel 

Sweetness*aroma 

Mouthfeel*aroma 

Color*aroma 

Sweetness*mouthfeel*aroma 

3.460 

34.160 

28.904 

9.889 

7.760 

  5.800 

15.449 

.034 

.000 

.000 

.000 

.034 

.004 

.000 

.052 

.352 

.136 

.072 

.052 

.084 

.109 

Alpha = 0.05     

 
 

The formulas of the product used in this study are proprietary formulas of 

Breedlove Foods Inc. Inc. and cannot be fully disclosed. The results of the 

prototype flavors indicated a low acceptability. The responses given by the 

panelists on the different flavors were statistically analyzed in order to identify to 
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sources of the dissatisfaction. Having this information made it possible for the 

research and development team to reformulate the different flavors and alter the 

prototype formulas according to what was perceived was not working in terms of 

sweetness, mouthfeel, color and aroma. Adding emulsifiers, bodying agents and 

maltodextrin to the formulas improved the mouthfeel and reduced the grittiness of 

the prototype flavors. Coloring and flavoring agents were either increased or 

reduced to obtain a darker or a lighter color and a stronger or reduced flavor 

based on the ranking responses given by the panelists. The strong bean aroma 

perceived in the products is the result of enzymatic changes in the raw soybeans. 

The provider of the full fat soy was contacted and roasting of the soybeans was 

increased to eliminate the bean aroma and give the finished flour a nuttier aroma. 

 

Accelerated Shelf Life Test Results 

Another objective of the dissertation study was to determine shelf life of 

VitaNut Pro by performing an accelerated shelf life test. The accelerated shelf life 

test included the evaluation of the organoleptic (subjective test) characteristics of 

the products (moisture, texture, aroma, color, taste). In addition, objective tests 

(physico-chemical, and microbiological) were completed to assess quality and 

wholesomeness during the shelf life. 

Products characteristics indicate that they are stable at an ideal 

environmental temperature of 21-27 C without undergoing chemical reactions 
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that affect their quality.  However, Latin American countries have a tropical 

environment, characterized by average temperatures of 32 C and increased 

humidity.   

Accelerated shelf life testing was carried out at the Quality Control 

laboratory at Breedlove Foods Inc. Inc. After exposing the products to controlled 

temperatures of 27C, 40°C and 49°C, using a temperature controlled glass 

chamber, results were plotted into a logarithmic curve. Table 37 shows the 

average time in days when VitaNut Pro products started to show signs of 

deterioration. 

 

Table 37 
 
Average Time in Days for First Sign of Deterioration for VitaNut Pro 
 

Days of Exposure 

TC 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

23  
No change observed 27 

40             X  
49           X    

 
 

At day nine at 49C, panelists detected some changes in aroma. This 

could be due to rancidity. At day thirteen at day 40C, panelists perceived 

changes in aroma also. Color was not altered in any samples of the different 
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products. Texture was not affected either.  These sensorial results were used to 

calculate the acceleration rate and Q10 value for VitaNut Pro products.   

 
Q10 = (49-40)/10 = 13/11=1.18 
 
Q10 = 0.9= 1.18                   
 
Q10 = (1.18)1/0.9 = 1.2 
 
 
A (Accelerated Aging Rate) = Q10 ((Te - Ta)/10) 
 
Where:  
 
Ta = Ambient Temperature  
 
Te = Elevated Temperature 
 
Q10 = Reaction Rate 
 
 
B (Accelerated Aging Time Duration) = Desired Real Time/A 
 
A = Q10 ((27-22)/10) = 1.2 (0.5) = 0.6 
 

B = 1.5/0.6 years = 2.5 years at 27 C 
 
 
A = Q10 ((40-22)/10) = 1.2 (1.8) = 2.2 
 

B = 1.5/2.2 years = 0.7 year at 40 C    
 
 
A = Q10 ((49-22)/10) = 1.2 (2.7) = 3.2 
 

B = 1.5/3.2 = 0.5 years at 49 C 
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The curve of predicted shelf life indicated that at temperatures of 40° C, 

shelf life of VitaNut Pro is approximately nine months while at 49° C the shelf life 

of the VitaNut Pro products is about six months. The predicted shelf life for a 

“best-by-used” date was twenty-eight months if the product is kept in dry 

conditions, out of exposure to sunlight, and at temperatures lower than or equal 

to 80°F.  

Figure 9 shows the graphic curve of predicted shelf life, and Table 38 

shows the results of the microbial tests of the products after being exposed to 

high temperatures. 

 

 

 

Figure 9 Curve of Predicted Shelf Life 
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Table 38 

 
Microbial Results for Products after Exposure to High Temperatures 
 

 Total count 

(cfu/g) 

E. coli Salmonella Yeast and Mold 

(cfu/g) 

VitaNut Pro 1,000 Negative Negative 100 

cfu/g = colony forming unit per gram of sample 
 
 
 

The high temperatures did not affect the microbial quality. These results 

were expected since the low Aw of the product makes it microbiologically stable. 

The results are not presented here individually per flavor since all the products 

maintain very close averages of microbial counts. Appendix E shows nutritional 

information of products. 

“The shelf life of food…depends on four factors: formulation, processing, 

packaging and storage conditions” (Labuza, as cited in Katz, 2006, para. 4). The 

alteration of any of these factors can favorably or unfavorably change the shelf 

life of a food product. Shelf life of a food product can be controlled without 

refrigeration by altering its acidity level (pH) or the level of water activity (Aw) or 

even a combination of these two factors. When formulating a product, the 

addition of some solutes can cause water to be bound, lowering the water activity 

level.  The addition of solutes causes the water to be more tightly bound than 
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before, which is referred to as removing water.  The action of removing water 

causes a reduction in temperature and a reduction in water activity. However, 

when products are heated up, the water activity level rises, which could lead to 

microbial spoilage or the initiation of negative chemical reactions such as change 

in color, texture, or aroma shortening the shelf life of the products.  

New techniques in dehydration make possible the removal of 97-98% of 

the total water, which increases the storage life of products for several years. 

However, temperature fluctuation could alter the moisture level and the water 

activity level of dehydrated products, thereby reducing their shelf life.  
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Chapter V 

Conclusions, Recommendations, and Limitations 

The success of a food product in the market place is based on numerous 

attributes of the product itself as well as the “value added” factor.  Nutritional 

products for food aid programs are not an exception to this concept.  It is 

important when developing a product that the research and development process 

take into account the sensorial perception responses of potential consumers.  

Sensorial analysis is an area that has gained notable interest in the food industry.  

Many industries are currently using “electronic noses,” equipment that is 

extraordinarily sensitive to volatile compound changes in food items due to 

variations in formulas of flavoring, coloring, and texturizing agents.  In 1945, 

Marcuse, from the Bureau of Human Nutrition and Home Economics of U.S. 

Department of Agriculture stated “Although more and more physical and 

chemical criteria are being devised for testing foods, the human senses of taste 

and aroma remain the most important factors in determining the flavor, texture, 

aroma, and odor of food products” (p.214 ).  

Non-profit organizations dedicated to the manufacturing of food items to 

be used at different institutional levels would present more sound arguments for 

grant requests if their proposals were accompanied by data supporting the 

acceptance of proposed products.  Products in the development division of 

governmental programs, which do not have acceptance by the beneficiary 
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groups, lose functionality when the target population refuses to eat them because 

the product is unappealing. Humanitarian food distributed to vulnerable groups 

should not be excluded from taking into account cultural preferences of general 

appearance, aroma and taste of the target populations.  The United States 

Agency for International Development Food for Peace guidelines for Food for 

Education programs include as a commodity selection requirement the “cultural 

acceptability, including taste preferences, traditional taboos, and local practices 

of the target population or group that will affect food use and consumption” 

(USAID, 2006, para. 19). This requirement should be generalized and enforced 

in the current food aid programs as an assurance of meeting the nutritional goals 

that form part of such programs. 

The purpose of this study was to assess the acceptability of newly 

developed functional-fortified powdered drinks based on the probabilistic sensory 

analysis of their sweetness, mouthfeel, color, and aroma; adapt a modified 

Knowledge Value Chain model to the process of research and development of 

the newly developed products, and determine the shelf life of the products. 

These products were developed for Breedlove Foods Inc. Inc. to fight 

malnutrition as part of food aid programs. The doctoral student, and researcher 

for this dissertation study, was employed at Breedlove Foods Inc. Inc. at the time 

of this study. 
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It was essential to select ingredients for the newly developed products that 

provided added health benefits to future consumers in addition to the necessary 

nutrients to reduce or eliminate the effects of nutrient deficiencies. A fortified mix 

of vitamins and minerals provided the necessary nutrients, but the inclusion of 

functional ingredients including soy flour, oats and malted barley created a 

powerful combination. The functional ingredients were selected based on the 

added health benefits they offer such as easing the digestibility of starch 

products, reducing the risk of cardiovascular diseases, strengthening of the 

immune system, and aiding in the prevention of some types of diabetes, among 

others. It was considered important not only to provide essential vitamins and 

minerals but also to develop a product that could take care of additional health 

problems of underserved populations. 

The principal objective of this study was to establish if there was an 

influence on the attributes (sweetness, mouthfeel, color and aroma) of the four 

newly developed products on overall acceptability. The sample size included a 

total of 150 participants from Honduras, Nicaragua, and the Dominican Republic. 

From each country, a subsample of 50 individuals was drawn. The prototype or 

original formulations were tested in Nicaragua, Honduras, and the Dominican 

Republic in December 2008.  The reformulated products were sensory tested in 

these same countries in January 2010. Factorial ANCOVA was used to analyze 

the effects of sweetness, mouthfeel, color, and smell attributes on consumers‟ 
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acceptability for the functional-fortified drinks. The instrument used for data 

collection was a scorecard with a Just-About-Right (JAR) and hedonic scale.  

The concept of the Just About Right (JAR) scale is a measure of the 

appropriate level of a specific attribute in a product (Rothman, 2009). This 

measurement of appropriateness can be used to determine the optimum level of 

an attribute in a product. The attributes analysis assists researchers in 

understanding why consumers like or dislike a product. This understanding 

guides the efforts of the product development process that has as a goal to 

increase consumer acceptability. There are many variations of JAR scales; 

typically, these scales consist of five or seven points, ranging from too little to too 

much with JAR in the middle for a given characteristic (Meullenet et al., 2007).  

The Just About Right and hedonic scales information was combined in the 

scorecard used in this study to provide directional information for product 

optimization or reformulation. One of the challenges with using this scale was 

that sometimes panelists did not understand properly the attribute they were 

being questioned about, specifically the level of mouthfeel. The concept of the 

“ideal” level is sometimes difficult to define. It is recommended to expend more 

time explaining the differences in levels of attribute panelists might see or 

perceive in a product 

Factorial ANCOVA was used for the analysis of the effects of sweetness, 

mouthfeel, color, and aroma attributes on consumers‟ acceptability for the 
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functional-fortified drinks. In general, for both the prototype and reformulated 

products, the results showed that mouthfeel had a significant main effect on 

acceptability for the chocolate, strawberry, and natural flavors (p < 0.05). The 

aroma attribute had a significant main effect on overall acceptability for vanilla 

and natural flavors (p < 0.05).  The sweetness attribute had a significant main 

effect on overall acceptability only for the vanilla flavor (p < 0.05).  

An interaction is the variation among the differences between means for 

different levels of one factor over different levels of the other factor.  Interaction 

effects between sweetness and mouthfeel was significant on overall acceptability 

for the vanilla, chocolate and natural flavors (p < 0.05).  The interaction effect of 

mouthfeel and aroma was significant on overall acceptability for vanilla and 

natural flavors (p < 0.05).  The interaction of sweetness and aroma was only 

significant on overall acceptability for the natural flavor (p < 0.05).  In addition, the 

interaction effect of color and aroma was significant on overall acceptability only 

for the natural flavor (p < 0.05). An interaction effect among sweetness, 

mouthfeel, and aroma was significant for the natural flavor (p < 0.05). 

The factorial ANCOVA indicated that some attributes and their interactions 

had an effect on the overall acceptability of the products. The major problem 

found in the sensorial acceptability study of the prototypes formulas was the 

individual effects of sweetness, mouthfeel and aroma of the products.  The 

interactions of these variables were found influential in the overall acceptability of 
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the products.  Color of the products had a minimal effect on the overall 

acceptability; the effect of color attribute on acceptability was found significant 

only for the natural product and as an interaction effect of color and the aroma 

attribute.   

The interpretation of the factorial ANCOVA indicated the influence of some 

of the attributes on overall acceptability, specifically sweetness, mouthfeel, and 

aroma independently. Their interactions seem to be the factors with greater 

influence over acceptability of the different flavor products. Among the different 

attributes, color seemed to have the least influence on overall acceptability. 

The prototype formulas passed the approval of the in-house tasting panel 

at Breedlove Foods Inc. Inc. In order to provide strength to a grant proposal for 

using these products as part of humanitarian programs for Latin America, it was 

decided to use a modified Knowledge Value Chain model to assist in the process 

of gathering data, interpreting data, and making decisions for research and 

development. The prototype formulas used in the first sensorial study in 

Nicaragua, Honduras, and the Dominican Republic in 2008 did not have any 

overall acceptability. The distribution of these products as food aid would have 

represented a loss in terms of distribution logistic efforts and economic 

investment for both Breedlove Foods Inc. Inc. and other governmental 

institutions. Furthermore, the distribution would have meant a nutritional loss for 

the beneficiary group who would probably not consume the product as expected. 
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The statistical results indicated that there was almost an opposite 

sensorial perception for the in-house tasting panel and the potential consumers 

in Latin America countries for the prototype products.  It was desirable for 

Breedlove Foods Inc. Inc. to achieve an overall acceptability of 70% or higher for 

all the different formulations. The percentage of overall acceptability was 

calculated based on the number of positive responses for the rating of overall 

acceptability.  It was predetermined to consider the selections of either “like 

moderately” or “like extremely” as positive response for acceptability. Based on 

those results, reformulation of the products was necessary.   

The reformulation process had, as a goal, to correct deficiencies of the 

prototype flavors in terms of sensorial attributes and met the expected standards 

in terms of sweetness, mouthfeel, color and aroma of the target population for 

the different products.  It was determined that product reformulations would result 

in an increased overall acceptability of the products in Nicaragua, Honduras, and 

the Dominican Republic. 

The mouthfeel attribute had an effect on overall acceptability. Based on 

the statistical results, the prototype products were rated as “somewhat gritty” or 

“very gritty” by the majority of the panelists. The mouthfeel was improved, 

providing a sense of smoothness, by incorporating new ingredients such as 

emulsifiers and bodying agents to the different flavors formulation. It was 

possible to achieve the desired response or acceptance from the panelists for all 
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flavor products. Adjusting the amount of sweetness agents and color agents in 

the different formulations improved the ratings of sweetness and color. In order to 

reduce unwanted aromas in the products, the supplier of the full fat soy flour was 

asked to increase the roasting time of the soybeans.  Temperature is the factor 

that controls the enzymatic process that originates the strong bean smell of soy 

products. The presence of the enzyme lipoxygenase in soybeans is the cause of 

the strong aroma of soy products. Lipoxygenase is deactivated during the milling 

process by maintaining a moisture level of 13-14% in the soybeans and roasting 

the beans for a prolonged time. 

The vanilla and chocolate flavors were highly accepted once they were 

reformulated.  This fact was not surprising given that these flavors are more 

popular and frequently consumed in Latin American countries. It would be 

necessary to perform another study to determine if consumers have specific 

criteria in mind or a product that they consume and use it as a standard 

reference when rating comparable products.  The strawberry flavor product did 

not achieve the expected acceptability of 70%, even after reformulation.  It is 

possible that strawberry is not a popular flavor, and this fact could explain the 

lower acceptability level. The design failed to include a score for flavor familiarity 

or flavor preference.  Future studies should add this dimension to the scorecard. 

Color is an important attribute used by humans to identify flavors. The 

natural flavor VitaNut Pro drink had a very similar color as the vanilla flavor, and 
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the results of the statistical analysis showed similar results for both.  This 

similarity in color could have created confusion about what sensation to expect in 

terms of aroma and sweetness. It would be necessary to conduct a sensory test 

in a dark environment to rule out any influence that color could have on the 

panelists‟ ratings of the natural and the vanilla products.  This is particularly 

important since these two product flavors did not have any coloring agents added 

to their formulations. 

All attributes (color, aroma, texture, etc) are important in a food product; 

however, it seems that consumers rate food attributes based on a subconscious 

ranking of importance. This observation is based on the fact that color seemed to 

have been the least important attribute when accepting the products in this study. 

In order to verify this, it would be necessary to modify the questionnaire used in 

this study to incorporate questions denoting the most important and least 

important attribute to declare acceptability.  

A qualitative research study of end users of the products using personal 

one-on-one interviews or focus groups is also recommended. Focus groups and 

one-on-one interviews could provide more information from consumers regarding 

their perceptions, opinions, beliefs, and attitudes toward VitaNut Pro products. 

Content validity represented what was important for the researcher and 

the study design. The interpretation of the data analysis obtained during the 

sensorial test of the prototype formulas guided the development of the 
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reformulation. As a result, an increase on overall acceptability was observed. The 

researcher concluded that the Just-About-Right and Hedonic scorecard chosen 

for the study had positive content validity and measured what the scale was 

designed to measure: acceptability. 

The accelerated shelf life test result showed an expected shelf life of 

twenty-eight months under dry conditions with temperatures no higher than 27C.  

This period of time is ideal to assure bioavailability of the product for logistic 

distribution to remote areas, in which there are communities where it is 

impossible to deliver food more than once a year. Profitability and economic loss 

are the direct result of the shelf life of food products. Products that deteriorate 

during warehouse storing or that deteriorate at the retail centers may represent 

financial loss for a company.  Foods used in social relief programs are no 

different. Government agencies invest generous amounts of money to maintain 

different feeding programs; product viability during the time specified for its use in 

the program is an indispensable requirement. For this reason, USAID programs 

include only dehydrated shelf stable products. 

The modified Knowledge Value Chain model was instrumental in the 

research and development process of the VitaNut Pro products and provided 

solid data that led to the improvement of the overall acceptability in the food 

products.  The model is recommended as a tool for new product development 

and to support proposals for the use of products for food aid programs.  By 
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involving local acceptability input, the Knowledge Value Chain model offers more 

information to decision makers in addition to the traditional nutritional information 

of a product. The nutritional profile is currently one of the most important 

characteristics when evaluating and including a product in food relief programs. 

The model could serve as a guide to evaluate the success of nutritional 

interventions in developing countries in future studies.  

In the proposed modified Knowledge Value Chain model used for 

Breedlove Foods Inc. Inc., grant funding agencies are responsible for making the 

final decision about incorporating VitaNut Pro as part of the food programs 

offered by Breedlove Foods Inc.‟ partners. Application of the model provides vital 

information for the success of feeding programs and acceptability of food items.  

It is recommended that a sensory testing panel capable of measuring the 

acceptability of the VitaNut Pro products be completed by children since they 

also participate in the feeding programs in Latin America. Additionally, a sensory 

testing of VitaNut Pro could be administered in other feeding programs around 

the world to assess the products for local acceptability.  

Perception is a unique interpretation of our surroundings.  Our senses 

interpret stimuli caused by touch, sight, aroma, taste, and hearing as either 

pleasant or unpleasant sensations.  The food industry has made use of the 

responses of our senses and created a technical art of attraction and stimuli 

impulses through the combination of color, aroma and texture of the food 
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produced. It was evident in this study that even though perception is generally 

thought of as being unique to each person, communities, because of customs 

and cultural backgrounds, behave as a unit and the majority of people from a 

community react to the same stimuli in almost the same way.  

The study had some limitations.  The study failed to determine individual 

and collective preference of flavors and failed to evaluate if preferences make 

consumers more demanding and less forgiving of the overall quality of food 

products. In addition, findings are limited to three countries in the Latin American 

area. Another limitation is that proprietary information regarding the exact formula 

of the product cannot be shared in this document by the researcher.  

The objectives of this study were achieved. Through the use of a 

systematic process, data were gathered, interpreted, and decisions were made 

ending in an increased acceptability of the functional-fortified products. 

Non-governmental institutions generally operate with restricted funds. The 

Knowledge Value Chain model can definitely be used for these institutions to 

eliminate losses, reduce investment risks, increase justification value for grant 

proposals, ensure acceptability, and to provide fundamental information that 

helps them in the production process.  
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Appendix A 

Breedlove Foods Inc. Partner Institutions 

1. A Call to Serve International 

2. Amigos Internacional 

3. Battery Relief Alliance 

4. Bless the Children Home Orphanage 

5. Catholic Relief Services 

6. Center for International Health 

7. Children‟s Hunger Fund 

7.1. Headquarters 

7.2. Midwest 

7.3. Southwest 

8. Church of Bible Understanding 

8.1. New York 

8.2. Philadelphia 

9. Orphelinat De L‟Eglise De la Comprehension De la Bible (Haiti) 

10. CitiHope International 

11. Convoy of Hope 

12. Community Promotion Development Liberation 

12.1. Regional Office (Arlington, VA) 

12.2. Headquarters (Chicago, Il) 

13. Counterpart International 

14. Cross International 

15. Evangelistic International Ministries 

16. Fabretto Children‟s Foundation 

17. Feed the Children 

18. Food for the Hungry 
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19. Haiti Vision 

20. International Partnership Ministries 

21. International Relief & Development 

22. International Relief Teams 

23. Joint Aid Management 

24. Medical Missionaries 

25. Nascent Solutions 

26. Planet Aid 

27. Project Concern International 

28. Resource & Policy Exchange 

29. Serv. Ministries International 

30. Uplift International 

31. Marvin Philip‟s Bibles for Africa 

32. Global Samaritan 

33. Operations Hope 
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Appendix B 

Information Letter 
 

This study is being conducted by doctoral candidate Elbia Galo, under the 
supervision of Janice Boyce, Ph. D. and Betty L. Stout, Ph.D., faculty members in 
the Restaurant, Hotel and Institutional Management Program in the Department 
of Nutrition, Hospitality, and Retailing of the College of Human Sciences at Texas 
Tech University. 

You are being asked to participate in a research study. The purpose of the 
study is to assess the acceptability of a powdered drink among prospective 
consumers. The main ingredients in the powdered drink are oatmeal and soy 
flour. If you decide to participate in the study you will be asked to disclosure if 
you have any known food allergies related to soy products and if you are a 
smoker. In addition you would need to fill out a score sheet describing your 
experience after sampling the powdered drink base.    
  

As a participant in this study, we want you to be aware of the possible 
risks associated with participation in this research. Although the risks are 
minimal, you may develop an allergic reaction to soy proteins.  Symptoms might 
include stomach cramps, gas or discomfort, and even hives. True allergic 
reactions are rare. If you think you are having a reaction, stop drinking it 
immediately and notify the researchers. It is very common to find that people who 
are allergic to peanuts are also allergic to soy products.  

All information collected from participants in this study will be aggregated. 
Thus, your name will not appear in any report, publication or presentation 
resulting from this study. 

Even though you may not benefit personally from your participation in this 
study, the information obtained from this research will help to understand 
consumers‟ preferences in the area of new product development.  

This project has been reviewed by, and received ethics clearance through 
the Texas Tech University, Institutional Review Board Protection of Human 
Subjects Committee. 
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Consent of Participant 

I have read the information presented in the information letter about a study 
being conducted by doctoral candidate Elbia Galo at the Department of Nutrition, 
Hospitality, and Retailing of the College of Human Sciences at Texas Tech 
University. I have had the opportunity to ask any questions related to this study, 
to receive satisfactory answers to my questions, and any additional details I 
wanted. I am aware that I may withdraw from the study at any time by advising 
the researchers of this decision.   

I was informed that if I have any comments or concerns resulting from my 
participation in this study, I might contact the Secretary to the Texas Tech 
University, Institutional Review Board Protection of Human Subjects Committee. 

 Donna Peters at 001-806 742-3884.  

With full knowledge of all foregoing, I agree, of my own free will, to participate in 
this study. 

  

    

Print Name 
   

  

Signature of Participant 

  

   

Date  

mailto:Donna.Peters@ttu.edu?subject=Human%20Subjects%20Question
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Appendix C 

Guidelines for Sensory Test Implementation 

1. Testing room should be large enough to keep some distance among 

panelists. 

2. Instruct panelists to remain quiet during testing. 

3. Remind panelists that products contain soy and it could cause some 

allergic reactions.  

4. Panelists should be instructed to stop test if any allergic reaction occurs. 

5.  Go over the scorecard and respond to any question the panelists might 

have regarding to it. 

6. Serve samples in the provided disposable white cups. 

7. Provide sufficient amount for the different samples. 

8. Powdered drinks have to be reconstituted with tap water at room 

temperature. 

9. Add 2 cups of water per every 100g of product.  

10. All samples should be prepared in the same form and temperature should 

always be the same.  

11. Panelists should clean palate with room temperature water between 

flavor, 

12. Since panelists will be presented with the four flavor products, samples 

should be presented in a random manner for all panelists. 

13. Samples should be coded using three digit numbers.  The codes used 

should not induce any bias among panelists. For example, do not use A or 

B with numbers because panelists could think that some samples are 

better than others. 

14. Keep record of the arrangement of the samples presented per each 

session. 
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Appendix D 

Scorecard  
Gender:    Age: 

 
Circle the selection that best describes your experience 

Sweetness Mouth Feel Color Aroma Overall Acceptability of 
product 

1= Not sweet  
     at all 

1= Very gritty 1= Much too  
     light 

1= Very unpleasant 1= Dislike extremely 

2= Slightly  
     sweet 

2= Somewhat  
     gritty 

2= Somewhat  
      light 

2= Somewhat  
     unpleasant 

2= Dislike moderately 

3= Just about 
     right  

3= Just about 
     right 

3= Just about 
     right 

3 = Neutral 3= Neither dislike 
     or like 

4= A little too  
     sweet 

4= Somewhat  
      smooth 

4= Somewhat  
     dark 

4= Pleasant 4= Like moderately 

5= Much too  
     sweet 

5= Very  
     smooth 

5= Much too  
     dark 

5= Very Pleasant 5= Like extremely 

 
 

Tarjeta de Puntuación 
Sexo:     Edad: 

 
Circule la Selección que mejor describa su experiencia 

Dulzura Textura Color Olor Aceptabilidad General del 
Producto 

1= Insípido 1= Muy  
     grumosa 
 

1= Pálida 1= Muy  
     desagradable 

1= Me desagrada en  
     extremo 

2= Ligeramente  
    dulce 

2= Algo  
     grumosa 
 

2= Algo  
     pálida 

2= Algo  
     desagradable 

2= Me desagrada  
     moderadamente 

3= Dulzura  
     justa 

3= Textura  
      justa 
 

3= Color  
      justo 

3 =Neutral 3= Ni me agrada  
     ni me desagrada 

4= Un poco  
     dulce 

4= Algo  
     suave 
 

4= Algo  
     oscura 

4= Agradable 4= Me agrada  
     moderadamente 

5= Muy dulce 5= Muy  
     suave 

5= Muy  
     oscura 

5= Muy  
     agradable 

5= Me gusta mucho 
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Appendix E 

VitaNut Pro Nutritional Information 

Nutrient Unit Chocolate Vanilla Strawberry Natural 

Calories kcl 338 329 321 330 

Protein g 18 17 17 18 

Total fat g 10 9 9 10 

Saturated fat g 2 1 1 1 

Carbohydrates g 44 45 43 42 

Fiber g 13 12 13 13 

Sugars g 3 3 3 3 

Calcium mg 151 144 144 147 

Iron mg 7 6 6 7 

Magnesium mg 183 170 170 177 

Phosphorus mg 370 349 351 362 

Potassium mg 827 752 752 786 

Sodium mg 15 12 11 10 

Zinc mg 5 4 4 5 

Selenium mcg 17 16 16 16 

Iodine mcg 23 23 23 23 

Vitamin c mg 11 11 11 11 

Thiamin mg 1 1 1 1 

Riboflavin mg 1 1 1 1 

Niacin mg 2 2 2 2 

Pantothenic mg 1 1 1 1 

Vitamin B-6 mg 0.3 0.2 0.2 0.3 

Folate mcg 116 112 112 116 

Vitamin B-12 mcg 0.4 0.4 0.4 0.4 

Vitamin A IU 372 369 369 371 
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Appendix F 

IRB PROPOSAL 

IRB Number 501372 

ELBIA GALO M.S. 
Sensory Taste Testing of a Newly Developed Functional Oat and Soy Drink 

Mix 
 

I. Rationale: 

Undernutrition is defined by the United Nations International Children‟s 
Emergency Fund (UNICEF) as the outcome of insufficient food intake and 
repeated infectious diseases.   Some analysts maintain that poverty is not the 
cause of nutritional problems; the root of the problem is found in the lack of 
access to food. Today it is understood that poverty affects nutrition by increasing 
the propensity for diseases, reduced physical work capacity, lower intellectual 
capacity, reduced participation in social decisions, and a negligible capacity of 
resolution in the face of environmental challenges.  
Some experts believe that poor nutrition starts in uterus. Pregnancy in 
adolescence and protein-energy malnutrition cause intrauterine retarded growth 
and low birth weight. They concluded that a better nourished society will be 
healthier and as a consequence more responsive to actions oriented at reducing 
poverty and inequalities, in addition to being more responsive to aims at reducing 
malnutrition and improving health and quality of life (Peña and Bacallao, 2002).   
Fortified foods have been thought to be the solution to alleviating nutritional 
deficiencies.  However, a critical element is found in the food-vehicle of such 
fortification. Fortification might be adequate but to alleviate deficiencies, the 
fortification must be delivered through a food that can be frequently and easily 
consumed in order to be effective.  

Currently, the problem with fortified food directed to alleviate 
undernutrition is that the main vehicle is a commodity that is not produced in vast 
amounts, or it is completely foreign to the general population, or the population 
does not consume it on a daily basis. In addition, fortified foods usually are 
engineered to target specific sectors of the populations (pregnant women, iron or 
caloric deficient individuals, etc).  Presently there is a need for a food product 
fortified to provide a nutritional composition that provides essential macro and 
micronutrient that is formulated with commodity crops available worldwide at a 
very low production cost. As a response to the need of the development of 
functional foods, Breedlove Dehydrated Foods located in Lubbock, Texas 
focused efforts on the development of a quality fortified product, targeting 
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nutritionally compromised individuals with the additional advantage of having low 
production costs. Breedlove Foods Inc., Incorporated is a non-profit institution 
whose mission is the manufacturing and supply of food for hunger relief 
programs worldwide.  
The principal ingredients in the developed beverage are full fat soy flour, oat 
flour, and malted barley. These commodities were selected based on their 
documented nutritional value and health benefits, which give a unique added 
value to the final product.  The food product (Fortified Oat-Soy Drink) is in a dry 
form, which allows for the distribution of more servings per container for 
distribution to remote locations. The developed product offers low productivity 
cost and will be easy to deliver worldwide.  However, acceptability of the product 
is an important factor and is an element that must be considered in food relief 
programs.  The purpose of this study therefore, is to test the acceptability of the 
fortified Oat-Soy Drink food product.    
 

II. Subjects: 

Three groups from Latin American countries (Nicaragua, Honduras and 
Dominican Republic) will participate in the study.  Latin American countries were 
selected because initial distribution of the powdered drink will be made to the 
Latin American region. The criterion for selection of participants is age.  
Participants will be adults 21years of age and older.   

The total sample per country is no less than 35 people and no more than 45.  
In Honduras, university students from the Medical School of the National 
Autonomous University of Honduras enrolled in a Microbiology Course will form 
the study group.  In Nicaragua, patrons of Project HOPE will form the study 
group.  Project HOPE is a non-profit organization that designs programs 
worldwide to fulfill needs in the health care continuum while complementing 
health care infrastructure strengths already existing within the communities 
(www.projecthope.org). 

Patrons of The Battery Relief Alliance (BRA) will form the Dominican Republic 
sample. BRA is a non-profit, non-political, humanitarian aid entity that helps 
create a productive and self-sufficient environment, through health care and 
development programs, for children and their families severely affected by 
poverty, disease, and hunger in the Caribbean (www.bateyrelief.org). 
Project HOPE and BRA Dominicana are two partner-institutions working with 
Breedlove Foods Inc. Inc. in Latin American. Breedlove Dehydrated Foods Inc., 
located in Lubbock, Texas, relies solely on donations.  Other non-profit 
organizations also partner with Breedlove Foods Inc. by obtaining grants that 
make it possible for Breedlove to produce and ship food to countries where these 
organizations provide aide.  .   
 

http://www.bateyrelief.org/
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III. Procedures 

The study is designed as a Quasi-Experiment Design with nonequivalent 
groups.  The sample will consist of both men and women at least 21 years of 
age. A total sample between 35 and 45 people will be selected from each 
participant country. Since participants in the study belong to specific social 
communities, non-random selection or non-random assignment will take place.  
Each participant will evaluate the organoleptic characteristics of four flavors of 
the reconstituted powdered Fortified Oat-Soy Drink: strawberry, vanilla, chocolate 
and natural.  Each flavor will have a unique three-digit code number assigned by 
the person in charge of the different groups.  Flavor and color are the only factors 
that vary completely in the drink. A product scorecard will be provided for the 
participants to rate sweetness, mouth feel, color, odor, and overall acceptability 
of the product.  Samples of the drinks will be given randomly. The random 
assignment of the samples has the purpose of avoiding people being influenced 
by facial expression or body signals from other participants when evaluating a 
given flavor.  

Soy and soy byproducts are known allergens; participants will be warned 
about the possible risks associated with their participation in the study. Although 
the risks are minimal, participants may develop an allergic reaction to soy 
proteins.  Symptoms might include stomach cramps, gas or discomfort, and even 
hives. It is very common to find that people who are allergic to peanuts are also 
allergic to soy products. It is very common that people are aware of their food 
allergies. Soy is the only allergen of concern in the product and, as a preventive 
measure, an information letter will be given to the participants stressing the 
allergen issue and it will be verbalized before the testing session begins.  

 
IV. Adverse events and liability  

True allergic reactions are rare. No specific liability plan is in place. People 
will be advised that if they think they are having a reaction, they need to stop 
drinking immediately and they need to notify the researchers.  
 

V. Consent Form 

Attach Consent Form 
 
Score Card (Attach Score Card) 
 
 
 
 


