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ABSTRACT 

The main goal of the project was to develop a nutritious and acceptable peanut-based 

beverage as a way of promoting peanut consumption and management of undernutrition in 

Malawi. To achieve this goal, six studies were conducted. The first and second studies were 

aimed at understanding the factors influencing food choices and peanut consumption in Malawi. 

Mood, health, price, preparation convenience, sensory appeal, and familiarity were the main 

factors influencing the food choices of Malawian consumers. The diversity of peanut products 

was limited, and demographic and socioeconomic variables had significant effects (p < 0.05) on 

peanut product preferences. The third study focused on sensory characterization of key Malawi 

peanut varieties. A Virginia peanut variety (ICGV-SM 90704), locally known as Nsinjiro, had 

the desired properties and therefore, was used for the beverage formulation. In the fourth study, a 

mixture of xanthan gum (66%) and lecithin (34%), at a usage level of 0.5% by weight of the 

beverage, was identified as the best colloidal stabilization system for the peanut beverage. Study 

five focused on optimizing the peanut-beverage formulation and determining consumer 

acceptability of the beverage prototypes. The optimal concentrations of peanut paste and malted 

milk powder, in a two-component mixture (16% of beverage by weight), were 60% and 40%, 



respectively. Finally, nutrient compositions of the two highly acceptable (overall liking score ≥ 

7.5) peanut-based beverages were determined. One of the beverages (PBV-SMMP) had sorghum 

malted milk powder while the other (PBV-BMMP) had barley malted milk powder in addition to 

peanut paste, sugar, salt, xanthan gum, and water. The PBV-SMMP had a better nutrient profile 

than PBV-BMMP. A 237-mL (8 oz.) serving of the PBV-SMMP was an excellent source (% DV 

≥ 20) of high-quality protein, total dietary fiber, phosphorus, calcium, molybdenum, and 

manganese and also, a good source (10 ≤ % DV< 20) of potassium and magnesium. Based on 

acceptability results, both PBV-BMMP and PBV-SMMP can potentially increase peanut 

consumption in Malawi and in other countries where the beverages could be equally acceptable. 

Subsequently, the PBV-SMMP may help in the management of undernutrition given its 

nutritional profile. 
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CHAPTER 1 

INTRODUCTION 

As in many other countries within Sub-Saharan Africa (SSA), malnutrition, especially 

undernutrition, still remains a challenge in Malawi. A recent Malawi demographic and health 

survey has revealed that among children under the age of five, 37% are stunted, 11% are severely 

stunted, 12% are underweight, 3% are severely underweight and 64% are anemic [1]. Currently, 

the prevalence of iron, folate, zinc and vitamin A deficiencies have been estimated at 48.6%, 

49.5%, 53.4% and 69.9%, respectively [2]. To reduce the prevalence rates of undernutrition, the 

Malawi Government is promoting dietary diversification by supporting production and access to 

highly nutritious foods [3]. Among the highly nutritious foods that Malawi is promoting are 

legumes, such as peanuts [4]. Unfortunately, despite the adequate supply, consumption of 

peanuts in Malawi is low (4.98kg/capita/yr.) [5].  

Studies have shown that the development of acceptable food products is useful in 

promoting consumption of the ingredients [6]. For instance, development of peanut butter greatly 

improved consumption of peanuts in the United States (U.S.). Peanut butter currently accounts 

for about half of the edible form of peanuts in the country [7]. The same trend has been observed 

in other products. In a study on soybean consumption patterns in the United States of America 

(U.S.), it was found that consumption of soybean has been on the increase following the 

introduction of soy products, including tofu, soy milk, soy cheese, energy bars, and meat 

alternatives [8]. However, differences were noted when consumption trends for the individual 

soy food products were compared against each other. Perceived attributes of soy food products 
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by consumers affected both consumption frequency and consumption quantity [8]. In Canada, it 

was found that when flavored milk was not an option, many children did not drink white (plain) 

milk [9]. These trends highlight the importance of sensory characteristics of foods. The sensory 

appeal of food is one of the dominant food choice motives irrespective of geographical, cultural 

or socioeconomic differences [10-14].  

The main goal of the study was to develop a nutritious and acceptable peanut-based 

beverage for Malawi with the hope that it will lead to an increased consumption of peanuts. 

Compared to solid and semi-solid foods, beverages are easy to digest, appeal to all age groups, 

are convenient, and can be easily delivered in multiple flavor options. The specific objectives 

were to 1) determine the factors that influence food choices of Malawian consumers, 2) identify 

a peanut consumption pattern for Malawi, 3) determine the sensory properties of the six 

dominant Malawi peanut varieties, 4) determine an optimal colloidal stabilization system for a 

peanut-based beverage, 5) determine an optimal peanut-based beverage formulation for 

Malawian consumers, and 6) determine sensory and nutritional properties of the developed 

peanut-based beverage. 
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CHAPTER 2 

LITERATURE REVIEW 

Peanuts  

Peanuts, also known as groundnuts (Arachis hypogaea), originated in South America 

and are now among the important oilseed crops in the world [1]. Besides being a source of 

nutrients for both humans and animals, peanuts also improve soil health through their ability 

to fix atmospheric nitrogen into the soil [2]. Therefore, peanuts are important in sustainable 

agriculture systems and are valuable in crop rotations. Over the past years, world peanut 

production has been steadily increasing and is currently estimated at 47.1 million with China, 

India, Nigeria, and the United States of America (U.S.) being the top producers. Peanuts are 

even more important in developing countries [3]. As shown in Figure 2.1, of the total world 

peanut production, 91.4% comes from Asia and Africa [3]. Considering the total peanut 

production in Africa, almost half (48.8%) of the peanuts are grown in Western Africa [3]. 

 

 
Figure 2.1. World peanut production by regions [3]. 
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In Malawi, peanuts are the most widely cultivated legume accounting for 25% of the 

income of smallholder farmers [4]. Malawi is sub-divided into eight agro-ecological zones. 

These ecological zones form the Agricultural Development Divisions (ADDs), and peanuts 

are grown in most of the ADDs. However, peanut production is concentrated in the central 

part of Malawi as shown in Figure 2.2 [4]. 

 

 
Figure 2.2. Peanut production areas in Malawi [4]. 
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Many different peanut varieties are grown throughout the world but, they mostly fall 

under four main market types. The four market types are Runner, Virginia, Spanish, and 

Valencia [5]. The market types have some differences in terms of seed size, flavor, and 

nutrient composition [6]. As a result, the peanuts also differ in their utilization. For examples, 

Runners are mostly used for peanut butter production in the U.S. while Virginia peanuts are 

mostly used for snack products like roasted peanuts due to their large kernel sized [6]. 

Spanish peanuts are better suited for oil extraction due to their high oil content, and Valencia 

peanuts are more suited for all natural peanut butter and fresh use as boiled peanuts, among 

other snacks, since they are sweet [6]. 

Since 1968, over 14 peanut varieties (Virginia, Spanish, and Valencia market types) 

have been released in Malawi and improvements in resistance to rosette, wide adaptation, and 

yield maximization have been achieved [7]. Although high oleic peanut varieties are being 

grown in other countries like the U.S. [8], such peanut varieties are not available in Malawi. 

Currently, based on adoption rates by farmers, Chalimbana, CG7, Nsinjiro, Kakoma, Baka, 

and Chitala are the dominant Malawi peanut and are shown in Table 2.1 [9].  

 

Table 2.1. Description of the dominant Malawi peanut varieties. 
Variety Market type Year released 100 seed weight (g) Adoption (%) 

Chalimbana (Local) Virginia 1968 81 39 

CG7 (ICGV-SM 83708) Virginia 1990 62 30 

Nsinjiro (ICGV-SM 90704) Virginia 2000 45 20 

Kakoma (JL 24) Spanish 2000 45 7 

Baka (ICG 12991) Spanish 2001 36 0.5 

Chitala (ICGV-SM 99568) Spanish 2005 45 0.2 

 

Unlike the agronomic and proximate nutrient composition information, little is known 

about the sensory properties of the Malawi peanut varieties. One of the primary drivers of 

peanut consumption is the sensory appeal, especially flavor after thermal processing [10]. 
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However, just like the nutrient composition of peanuts, studies have shown that flavor in 

peanuts is also affected by genotype, among other factors [11,12]. For instance, Lykomitros 

et al. [13] found that Virginia type peanuts develop more intense roasted aromas than 

Runner-type peanuts, and this was attributed to possible differences in the concentrations of 

Maillard reaction precursors. Such differences have also been reported in several other 

studies comparing flavor profiles of peanuts from different origins, market types, varieties, 

and grades [14-18]. Therefore, sensory profiling of the Malawi peanut varieties can 

potentially influence peanut utilization, and is valuable, especially to food product 

developers. Plant breeders could also use the same information to inform new projects aimed 

at improving the sensory properties of the peanut varieties. It is hypothesized that different 

Malawi peanut varieties will have different sensory properties. 

 

Peanuts and nutrition 

Malnutrition, as a result of deficient or excess intake of energy, macronutrients, and 

micronutrients remains a global challenge [19,20]. Unlike excess intake, a deficient intake of 

nutrients (undernutrition) is more prevalent in developing countries especially among 

children [21]. Worldwide, 52 million under-five children are wasted (low weight for height), 

17 million are severely wasted, and 155 million are stunted (low height for age) [20]. More 

than 90% of the stunted children in the world live in Africa and Asia as shown in Figure 2.3 

[22]. Approximately, 45% of deaths among children aged below five years are related to 

undernutrition especially in developing countries [20].  

In Malawi, the prevalence rate for undernutrition is higher than the average rate for 

Africa. A recent Malawi demographic and health survey has revealed that among the children 

under the age of five, 37% are stunted, 11% are severely stunted, 12% are underweight, 3% 

are severely underweight, and 64% are anemic [23]. Currently, the prevalence of iron, folate, 
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zinc, and vitamin A deficiency has been estimated to be 48.6%, 49.5%, 53.4%, and 69.9% 

respectively [24]. 

 

 
Figure 2.3. Prevalence rates of stunting in children [22]. 
 

To address the malnutrition challenge, the United Nations (UN) declared the years 

2016 to 2025 as a decade for action on nutrition [20]. Currently, WHO is working with UN 

member States and other partners to achieve “universal access to effective nutrition 

interventions and healthy diets from sustainable and resilient food systems” [20]. Among the 

sustainable, resilient, and nutritious food sources are legumes like peanuts [25,26]. Peanuts 

are a valuable source of proteins, fats, vitamins, and minerals for human and animal nutrition. 

Peanuts, on average, contain 48% fat, 26% protein, 17% carbohydrates, 2% fiber, 2% ash and 

1% of vitamins, and minerals which include vitamin E, niacin, folate, manganese, magnesium 

and phosphorus [27,28]. As a result, peanuts are used in formulations of ready-to-use 

therapeutic foods (RUTFs) for treating malnutrition [29,30]. Peanuts also contain bioactive 

substances such as flavonoids, resveratrol, and plant sterols which have been associated with 

decreased risk of coronary heart disease (CHD) and reduced cancer risk [31,32]. Many 
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studies have been done on the health benefits deriving from peanut consumption. For 

instance, Griel et al. [33] found that peanut users have a higher intake of micronutrients, 

lower intake of saturated fat and cholesterol, and lower BMI despite peanuts being energy 

dense. FAO [34] postulated that daily consumption of a handful (~30g) of peanuts could be 

helpful in the management of malnutrition in developing countries.  

Although consumption of peanuts has many health benefits, peanuts, in general, are 

deficient in some minerals like calcium, and indispensable amino acids, especially lysine, 

threonine and methionine [35]. To correct the nutrient imbalance, blending of peanuts with 

milk, cereals, or with other legumes like soy is recommended [35]. Unfortunately, soy has 

more anti-nutrition factors and the soy proteins induce undesirable flavors, which negatively 

affects consumer acceptability [36-38]. Therefore, a blend of peanuts and milk may have 

better nutritional and sensory properties.  

 

Utilization of peanuts 

Utilization of peanuts, globally, varies from region to region. Peanuts can be eaten 

raw, used in recipes as an ingredient, or made into cooking oil, peanut butter, candy bars, and 

cookies, among other products [39]. Peanuts are also used in formulating ready-to-use 

therapeutic foods (RUTFs) such as Plumpy’Nut by Nutriset, for treating malnutrition [29,30]. 

George Washington Carver is credited for his great contribution to the development of peanut 

products. His research developed 300 products and 105 ways of using peanuts in soups, 

puree, bread, candy, cheeses, coffee, cookies, cakes, puddings, ice creams, cutlets, patties, 

sausages, omelets, macaroni, stuffing, wafers, bars, and doughnuts, among others [40]. At the 

University of Georgia, peanuts have been used to develop products like white and whole 

peanut bread, cookies, cakes, doughnuts, yeast products, pies, desserts, peanut milk, yoghurt, 
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cheese type products, soups, peanut burgers, peanut noodles, fermented peanut pastes, coated 

nuts, RUTFs, and beverages, among others [40]. 

Worldwide, peanuts are mostly consumed in solid (snacks) or semi-solid form 

(pastes) and rarely as a liquid in the form of beverage. Compared to solid and semi-solid 

foods, beverages are convenient, easy to digest, appeal to all age groups, and can be easily 

delivered in multiple flavor options. Therefore, peanut-based beverages have a higher 

potential of promoting peanut consumption more especially now that consumers are more 

interested in beverages that have health benefits [41,42]. Considering the competitive 

advantage of beverages over solid and semi-solid foods, development studies of peanut-based 

beverages have been on-going for many years, with notable continual improvements in the 

physicochemical, nutritional and sensory characteristics of the resultant products [36,43-47]. 

Just in 2018, peanut “milk” manufactured by Steuben Foods Inc., Elma, NY, USA and 

marketed as Elmhurst milked peanuts was launched in the U.S. However, there are no 

published reports regarding the sensory properties of the product. Depending on the 

ingredients, peanut-based beverages can be complex colloidal systems which ultimately 

affect the sensory properties of the beverage. To overcome some of these challenges, 

previous studies have used defatted peanut flour [36,45,48] or peanut protein isolates [43,47] 

in formulating the beverage. However, there are still challenges especially with the sensory 

properties and ultimately, the consumer acceptability of the peanut-based beverages. As a 

result, peanut-based beverages are rarely found on the market, even in developed countries. It 

is hypothesized that through product optimization techniques, it is possible to develop an 

acceptable and stable peanut-based beverage even when non-defatted peanuts are used. 

In Malawi, it is estimated that of the total peanut production, 36% is directly 

consumed, 30% is used by manufacturing industry, 17% is exported as a primary commodity, 

9% is used for seed, and 8% is wasted [49]. Figure 2.4 shows an overview of the peanut value 
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chain in Malawi. Peanuts have been part of the Malawian diet for many years mostly as an 

ingredient in traditional dishes. In most Malawian households, peanuts are mostly consumed 

as flour in relish and porridge, and some are just boiled or roasted [50]. According to 

FAOSTAT [49], the average annual consumption of peanuts (shelled equivalent) per person 

in Malawi is 4.98 kg (~13g/day), and this is low. The reasons behind the low peanuts 

consumption are not known because peanut consumption patterns, consumption frequencies, 

and the factors influencing peanut consumption in Malawi have not been determined. It is 

hypothesized that socioeconomic variables are affecting peanut consumption in Malawi. 

 

 
Figure 2.4. Peanut value chain in Malawi [50]. 
 

Food product development and consumption 

Development of attractive, convenient and acceptable processed foods is useful in 

promoting consumption [4]. For instance, in a study on soy consumption patterns in the U.S. 

by Rimal et al. [51] showed that consumption of soy has been on the increase with the 
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introduction of soy products including tofu, “soymilk,” soy cheese, energy bars, and meat 

alternatives. Likewise, the development of peanut butter significantly improved consumption 

of peanuts in the U.S. Peanut butter currently accounts for about half of the edible form of 

peanuts in the country [52]. In a study on flavored milk in the U.S. by Patterson et al. [53], it 

was found that removing flavored milk from schools resulted in a 62% reduction in milk 

consumption by kids in kindergarten through 5th grade, a 50% reduction in milk consumption 

by adolescents in 6th through 8th grades, and a 37% reduction in milk consumption in 

adolescents in 9th through 12th grades. In another study in Canada, it was also found that 

when flavored milk was not an option, many children did not take white (plain) milk or if 

they did, they frequently threw it away[54]. These trends highlight the vital role of food 

product development in promoting consumption which eventually creates demand for raw 

materials such as agricultural commodities. Therefore, the development of more acceptable 

peanut-based products can promote consumption as well as the agricultural production of 

peanuts. 

 

Role of consumers in product development  

The success of any new product ultimately depends on the consumer. To develop 

successful new products, the voice of the consumer must be heard and incorporated into the 

product design [55]. Consumers have needs and wants. Prospects of success are high if a 

product satisfies the consumer needs and wants [56]. Ulwick [57] argued that consumers do 

not know what they want such that trying to ask them what they want may be a waste of time. 

However, even though consumers may not always be able to express their wants, it is 

important to understand how they perceive products, how their needs are shaped and 

influenced and how they make product choices [55]. This is why consumer perceptions, 

wants, and needs are incorporated in the product development process as shown in Figure 
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2.5. If more consumers are satisfied with the product, there will be more demand resulting in 

business growth and increased demand for the raw materials.  

 

 
Figure 2.5. Overview of new food product development process. 

 

Besides the use of consumer insights in product development, understanding 

consumer needs, wants and perceptions also help in developing effective health nudging 

strategies. Food choices of consumers have health-related implications [19,58]. Currently, 

most governments are using health nudging to steer people toward healthy food choices [59]. 

Nudges are approaches to law and policy that steer people in specific directions without 

compromising the people’s freedom of choice [58]. Therefore, an understanding of why 

people eat what they eat could help in identifying hindrances to food consumption, and 

possible ways of promoting the consumption of certain foods. 
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Many studies on food choice determinants, mainly in Europe and Asia, have been 

done using a 36 item Food Choice Questionnaire (FCQ) developed by Steptoe et al. [60]. 

Health, mood, sensory appeal, natural content, familiarity, weight control, price, convenience, 

and ethical concern were identified as the factors that potentially influence the food choices 

of consumers [61-64]. In these studies, some variations across nationalities, in both the 

dominant food choice motives and the factor structures, were also observed. Besides the 

evidence that food choice determinants vary across nationalities, such studies have not been 

done in Sub-Saharan Africa, including Malawi. It is hypothesized that Malawian consumers 

are different from those in developed countries such that both the factor structure and factor 

ranking will be different from what was found by Steptoe et al. [60] in Britain.  

 

Food product formulation and optimization 

Most food products contain multiple ingredients and therefore, they are mixtures. As a 

result, mixture designs are usually used during food product formulation when trying to find 

blends of two or more ingredients that would give the desired product properties [65]. In a 

mixture design, the response is assumed to depend only on the relative proportions of the 

ingredients present in the mixture. The total amount is held constant, and the value of the 

response changes when the proportions of the ingredients making up the mixture changes 

[65]. Therefore, unlike in factorial designs, the change in the response is a function of the 

joint blending property of the ingredients in the mixture.  

The process of identifying a combination of ingredients that give the maximum 

desired response or produces a sensory perception similar to a targeted benchmark is called 

optimization [66]. When a benchmark or predesignated sensory profile is known, product 

matching is used. Product matching is a well-known sensory technique used to compare 

sensory characteristics of a product, especially after reformulation [67]. The need for 
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reformulation could be necessitated by the change of ingredient suppliers, change of 

ingredients to meet emerging consumer preferences or part of a product improvement 

strategy among others. 

In food product development the most common goal is to maximize consumer 

acceptability, and this is determined through affective tests. To identify drivers of consumer 

acceptability, food products are usually characterized using trained panelists and instrumental 

techniques[68]. However, there are other novel methods for sensory characterization of food 

products using consumers during product development. These methods were developed to 

speed up the food product development process and to reduce costs associated with 

descriptive and instrumental analyses[69,70]. Two of these methods involve the use of a 

check-all-that-apply (CATA) question and Just-About-Right (JAR) scale, respectively [71]. 

CATA is one of the most novel, simple, reproducible and valid options for sensory 

characterization of a wide range of products using consumers [70]. The consumers are asked 

to select from a list of terms all those that they consider as applicable for describing a sample. 

Although CATA is easy and provides valid and repeatable information [72,73], it does not 

enable the product developer to identify the preferred intensity of the sensory attributes. 

Therefore, it is difficult to make adjustments to the formulation [71]. Unlike CATA, JAR 

provides information on sensory attribute intensities. By using the JAR question, a product 

developer can determine the optimum intensity of a sensory attribute by asking consumers if 

they consider a sensory attribute to be too strong, too weak or just-about-right [74]. 

Therefore, concurrent use of both CATA and JAR questions during food product 

development could provide more insights into the consumers’ hedonic responses. 
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Abstract 

A consumer survey was conducted to identify the factors that influence food choices in 

Malawi. Consumer segments were also identified and characterized based on the determined 

food choice motives and the consumers’ demographic and socioeconomic data. Using a Food 

Choice Questionnaire (FCQ) it was determined that mood, health, price and preparation 

convenience, sensory appeal, and familiarity were the main factors influencing food choices of 

Malawian consumers. However, other factors are also influencing food choices in Malawi that 

were not revealed by the FCQ. Unlike in most affluent societies, the sensory appeal of food was 

not the most dominant food choice motive in Malawi. In general, the factor structure and factor 

ranking were different from those found in developed countries as hypothesized. Four consumer 

clusters emerged, comprising 33%, 30%, 24% and 13% of the sample and the consumers’ 

demographic and socioeconomic profiles had a significant effect (p < 0.05) on the cluster 

composition. Given the importance of identifying food choice determinants when developing 

new food products and designing nutrition interventions programs, among others, this study is 

useful in many ways. A consideration of the different consumer segments and their 

characteristics will be helpful in designing effective nutrition interventions, health nudges, food 

marketing strategies, and new food products, among others. Furthermore, the study provides 

useful insights on how to modify the FCQ for developing nations like Malawi. 
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1. Introduction 

The double burden of malnutrition, defined as the coexistence of under-nutrition with 

over-nutrition and diet-related non-communicable diseases, is a global challenge [1]. Apart from 

socioeconomic, demographic, biological, and environmental factors, behavioral factors such as 

lifestyle and food choices are a major concern in efforts towards eradicating the double burden of 

malnutrition [2,1]. Therefore, most governments are using health nudging to steer people 

towards healthy lifestyles and food choices [3]. Nudges are approaches to law and policy that 

steer people in certain directions without compromising the people’s freedom of choice [2]. To 

develop effective health nudging strategies, for modifiable behaviors such as unhealthy food 

consumption, an understanding of food choice determinants, is essential.  

Many studies on food choice determinants, mainly in Europe and Asia, have been done 

using a 36 item Food Choice Questionnaire (FCQ) developed by Steptoe et al. [4]. Health, mood, 

sensory appeal, natural content, familiarity, weight control, price, convenience, and ethical 

concern were identified as the factors that potentially influence food choices of consumers [5-8]. 

In these studies, some variations across nationalities, in both the dominant food choice motives 

and the factor structures, were also observed. Besides the evidence that food choice determinants 

vary across nationalities, such studies have not been done in Sub-Saharan Africa, including 

Malawi, which is a land-locked country in Southeastern Africa. Consequently, strategies for 

promoting consumption of various nutritious foods have been developed based on assumptions 

other than facts, resulting in poor outcomes [9]. For instance, Malawi has been implementing 

various nutrition intervention programs for many years now but, prevalence of malnutrition is 

still very high. A recent Malawi demographic and health survey has revealed that among the 

children under the age of five, 37% are stunted, 11% are severely stunted, 12% are underweight, 
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3% are severely underweight, and 64% are anemic [10]. For the general population in Malawi, 

the prevalence of iron, folate, zinc, and vitamin A deficiencies are estimated to be 48.6%, 49.5%, 

53.4% and 69.9% respectively [11]. Despite the availability of various nutritious foods, similar 

trends have been found in other countries within sub-Saharan Africa, especially countries in 

southern part of Africa [12]. Therefore, an understanding of why people eat what they eat could 

help in identifying hindrances to food consumption, and possible ways of promoting 

consumption of certain foods.  

Given the knowledge gap, a consumer survey was conducted to identify the food choice 

determinants in Malawi. Furthermore, consumer segments and their related characteristics were 

identified and, the effect of consumers’ socioeconomic and demographic profiles on food choice 

motives was also assessed. It was hypothesized that Malawian consumers are different from 

those in developed countries such that both the factor structure and factor ranking will be 

different from what was found by Steptoe et al. [4] in Britain. The objective of the study was to 

understand what factors determine food choices in the sub-Saharan country of Malawi. The 

results provide useful information to nutritionists, food scientists, food companies, and 

policymakers in Malawi and other countries that have relatively similar dietary patterns to 

Malawi. Furthermore, this is the first food choice study in Sub-Saharan Africa where the FCQ 

was used. Therefore, the results also provide useful insights on the adequacy of the FCQ in 

identifying food choice determinants in countries like Malawi. 
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2. Materials and methods 

2.1. Procedure and subjects 

A consumer survey was conducted in three major cities (Lilongwe, Blantyre, and Mzuzu) 

of Malawi. Each city is located in one of the three regions of Malawi, and the residents in these 

cities are diverse in terms of their demographic and socioeconomic profiles (Table 3.1). 

Therefore, the locations were selected to achieve a better national representative sample of 

Malawian consumers. Invitations to participants were sent through flyers, posters, and billboards 

where the aims of the study and the inclusion criteria, among others, were briefly described. 

 

Table 3.1. Summary of demographic and socioeconomic information of the respondents (n = 
489). 

 Proportion (%)   

Gender  
Male 68 
Female 32 
  

Age  
18 – 20 yrs. 10 
21 – 29 yrs. 41 
30 – 39 yrs. 32 
40 – 49 yrs. 12 
≥ 50 yrs. 5 

  
Highest Education Level 

None 1 
Primary (Pre-high school) 12 
Secondary (High school) 51 
Tertiary (Post-high school) 36 
  

Occupation 
Full-time job 40 
Self-Employment 27 
Menial Job 14 
Student 14 
None 5 
  

Monthly Income (MK)a 
< 100,000 (Low) 78 
100,000 - 499,999 (Medium) 18 
≥500,000 (High) 4 

a 1 US Dollar ($) = 700 Malawian Kwacha (MK) 
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In each city, participants came to one designated place and completed a questionnaire in the 

presence of the researchers. There were 169 participants recruited in Lilongwe (Centre), 162 in 

Blantyre (South) and 158 in Mzuzu (North). The minimum required sample size was determined 

mathematically using the following formula as described by Smith [13]: 

 

 

At 95% confidence level (Z score = 1.96), a standard deviation of 0.5, and a margin of 

error of ±5%, one would need a sample size of at least 385. Therefore, a sample size of 489 

participants, used in this study, was considered to be sufficient. The demographic information of 

the participants is summarized in Table 3.1. Only Malawian adults (aged 18 or above) who make 

independent food choice decisions were allowed to participate. All human subjects ethical 

procedures were followed as approved by the University of Georgia’s institutional review board 

(IRB ID: STUDY00004112). 

 

2.2. Data collection tool 

The questionnaire was provided in English, the official language, and Chichewa, a major 

local language in Malawi. The questionnaire was translated into the local language and back-

translated into English by two independent translators for accuracy and good language 

equivalence. The questionnaire had three sections (Appendix A). The first section was based on 

the 36 item FCQ developed by Steptoe et al. [4]. However, to increase the sensitivity of the 

measurement scale, a 7-point bipolar Likert-type importance scale was used, as suggested by 

Fotopoulos et al. [6], instead of the original unipolar 4-point scale. In the second section, the 
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respondents were asked to identify additional items that they consider to be important while 

making food choices. This item was presented to the respondents as an open-ended question. 

These additional items were summarized, and their frequencies are reported. The last section was 

about participants’ demographic and socioeconomic data.  

 

2.3. Data analysis 

The differences in means and proportions were assessed by one-way analysis of variance 

(ANOVA) and 2 tests, respectively. Tukey’s honest significant difference test (HSD) was used 

for means separation. Exploratory Factor Analysis (EFA) was used to reveal a food choice factor 

pattern. The factors were extracted using principal components method followed by promax 

rotation. Cronbach’s  coefficient was used to determine the internal consistency of the 

constructs. Hierarchical Cluster Analysis (HCA) by Ward’s method was used to establish the 

number of consumer clusters (segments) based on the overall importance assigned to the 

identified food choice factors. Likelihood of a consumer to be or not to be in a particular cluster, 

based on gender, age, education level, occupation, and monthly income, was determined using 

binary logistic regression analysis. Regression coefficients were estimated using maximum 

likelihood estimation and have been reported with Wald 2- statistics and odds ratios. The 

logistic model used is represented as follows: 

 

 

 

The binary dependent response ( ) for participant i takes a value of 1 if the participant is in the 

specified cluster otherwise, it takes the value of 0. Vectors of the exploratory variables are 
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represented by  while the intercept and variable coefficients are represented by  and  ( = 

1, 2, …n), respectively. For modeling purposes only, age was categorized as young (< 30 y) and 

old (≥ 30 y), education level as higher level (post-high school education) and lower level (high 

school and below), monthly income as lower earners (low income) and higher earners (Medium 

and high income), and occupation was categorized as ‘full-time job’ and other occupations (self-

employed, menial jobs, students, and none). All statistical analyses were done in XLSTAT 2017 

(Addinsoft, New York). 

 

3. Results 

3.1. Factor pattern 

Key indicators for appropriateness of the factor analysis were satisfactory. Bartlett test of 

sphericity gave a 2 value of 2163.2 (p < 0.0001) indicating that the R-matrix was not an identity 

matrix. The Kaiser-Meyer-Olkin index (KMO index), on the adequacy of the sample, was 0.854 

indicating that the sample size was adequate. Both eigenvalues over 1 and the scree test results 

were considered to determine the number of factors. Items with factor loadings (r) ≥ 0.4 and 

loading only on one factor were retained as initially done by Steptoe et al. [4]. Consequently, 15 

items were deleted from the original questionnaire. Table 3.2 summarizes the results of the factor 

analysis performed on the final 21 item FCQ.  

The best solution revealed five factors namely, mood, health, price and preparation 

convenience, sensory appeal, and familiarity. The five factors accounted for 50.39% of the total 

variability. As suggested by De Vellis [14], the reliability of the constructs for each of the factors 

was acceptable (0.8 ˃ Cronbach’s α ≥ 0.6), although the coefficients were relatively lower than 

those found in the original study. However, the overall reliability of the final 21 item FCQ was 
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good (Cronbach’s α = 0.83). When compared to the structure reported by Steptoe et al. [4], items 

related to ethical concern, items 20 (comes from countries I approve of politically), 32 (has the 

country of origin clearly marked), and 19 (is packaged in an environmentally friendly way), had 

very low factor loadings (< 0.04). The same was the case with items 2 (contains no additives) 

and 23 (contains no artificial ingredients) under natural content, as well as items 3 (is low in 

calories) and 7 (is low in fat) under weight control. As a result, these factors are not in the 

Malawi factor pattern.  

Except for familiarity and sensory appeal, the items that loaded on the other factors, like 

mood and health, were not exactly the same as those that loaded on such factors, in the original 

study by Steptoe et al. [4]. In the present study, items 16 (helps me cope with stress) and 24 

(keeps me awake/alert) are missing under mood, resulting in only four items as opposed to six 

items that were in the original study. Although the health factor still has six items, item 5 

(contains natural ingredients) was under natural content, and item 17 (helps me control my 

weight) was under weight control, in the original study. The two replaced items, 9 (is high in 

fiber and roughage) and 30 (Is good for my skin/teeth/hair/nails, etc.), had factor loadings of < 

0.4 in this study. Considering all price related items in the original study, only item 12 (is good 

value for money) is missing in this study. All items related to preparation convenience, items 1 

(is easy to prepare) and 15 (can be cooked very simply) loaded on one dimension with price 

related items. Therefore, the dimension was named “price and preparation convenience.” 

Interestingly, all items related to purchase convenience, items 11 (Is easily available in shops 

and supermarkets) and 35 (can be bought in shops close to where I live or work) had factor 

loadings of < 0.4 in this study.  
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Based on aggregated mean ratings, calculated using means for all items loading on each 

factor, the five factors were ranked as shown in Figure 3.1. In general, there was a significant 

difference (F4,16 = 3.58, p < 0.05) in the importance attached to these factors by Malawian 

consumers with mood being the most dominant food choice motive. The ranking is different 

from that reported by Steptoe et al. [4] where sensory appeal was the most dominant food choice 

motive followed by health, price, convenience, natural content, weight control, mood, ethical 

concern and lastly, familiarity. Just like in Britain, familiarity was also the least important factor 

among the identified food choice determinants in this study. 

 

 
Figure 3.1. Ranking of food choice motives by their aggregated mean scores (1= extremely 
unimportant to 7= extremely important). The figure shows the differences in the overall 
importance ratings of the identified food choice motives. 
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3.2. Other food choice motives 

Figure 3.2 shows the other items that are considered important by Malawian consumers 

when making their food choices. Majority of the respondents (77%) want food that is “filling” 

and will make them feel satiated.  

 
Figure 3.2. Additional items considered to be important by Malawian consumers (n = 489). The 
figure shows other additional items mentioned by the respondents as being important when they 
are making food choices. The items have been reported with their respective frequencies 
(proportion of respondents who mentioned the item). 
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The importance ratings of the food choice motives were significantly (p < 0.05) 

influenced by gender, education level, and occupation (Table 3.3). Monthly income and the age 

of consumers had no significant effect on any of the food choice motives. Gender had a 

significant effect only on familiarity (F1,487 = 7.4, p < 0.05). Women were more concerned about 
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0.05). Consumers with post-high school education were more concerned about health than those 

in the low education categories. Occupation had a significant effect only on mood (F4, 484 = 5.4, p 

< 0.05). Unlike all other occupation categories, students and those with full-time jobs were less 

concerned about mood.  

 

Table 3.3. Effect of consumer demographic and socioeconomic variables on the food choice 
factors.  

 Mean factor scores 
Variable Mood Health Price & 

Preparation 
convenience 

Sensory 
appeal 

Familiarity 

Gender      
Female 0.03 ± 0.97a 0.06 ± 0.94a -0.10 ± 1.10.a 0.100 ± 0.89a 0.18 ± 0.96a 
Male -0.01 ± 

1.01a -0.03 ± 1.03a 0.05 ± 0.95a -0.05 ± 1.05a -0.09 ± 1.01b 
      
Age      
≥50 yrs. 0.26 ± 0.77a 0.22 ± 0.95a 0.22 ± 0.83a 0.30 ± 0.96a 0.20 ± 1.01a 
40 to 49 yrs. 0.08 ± 0.77a 0.19 ± 0.64a 0.15 ± 0.76a 0.04 ± 0.88a 0.13 ± 0.91a 
30 to 39 yrs. -0.02 ± 1.01a -0.05 ± 1.00ab 0.04 ± 1.06a -0.07 ± 1.03a 0.06 ± 1.01a 
21 to 29 yrs. 0.01 ± 0.92a 0.03 ± 1.00a -0.02 ± 0.98ab -0.00 ± 1.01a -0.11 ± 1.01a 
18 to 20 yrs. -0.18 ± 1.46a -0.28 ± 1.30b -0.32 ± 1.13b 0.04 ± 1.04a 0.00 ± 1.01a 
      
Education level      
Post-High 
school 

-0.12 ± 1.02a 0.31 ± 0.79a 0.06 ± 0.92a 
0.16 ± 0.94a 

-0.23 ± 0.99a 

High school 0.00 ± 1.01a -0.16 ± 1.09b -0.04 ± 1.05a -0.15 ± 1.01a 0.08 ± 1.02a 
Pre-high school 0.36 ± 0.79b -0.17 ± 0.94b 0.07 ± 0.96a 0.20 ± 0.99a 0.38 ± 0.80a 
None 0.02 ± 0.98ab -0.98 ± 1.14b -0.79 ± 1.13a -0.41 ± 1.49a -0.05 ± 0.82a 
      
Occupation      
Full-time job -0.14 ± 0.97a 0.05 ± 0.97a -0.04 ± 1.07a -0.07 ± 1.01a -0.05 ± 0.97ab 
Self-employed 0.12 ± 0.90b -0.03 ± 0.95a 0.06 ± 0.93a 0.10 ± 0.99a 0.16 ± 0.94a 
Menial job 0.38 ± 0.74b -0.10 ± 0.96a 0.08 ± 0.94a -0.10 ± 0.97a 0.10 ± 1.01a 
Student -0.27 ± 1.37a -0.01 ± 1.22a -0.12 ± 1.09a 0.04 ± 1.11a -0.24 ± 1.07b 
None 0.15 ± 0.80b 0.04 ± 1.02a 0.12 ± 0.94a 0.13 ± 0.76a -0.10 ± 1.23ab 
      
Monthly income      
Low 0.04 ± 1.02a -0.04 ± 1.03a -0.01 ± 1.00a -0.02 ± 1.02a 0.08 ± 1.01a 
Medium -0.11 ± 0.91a 0.11 ± 0.89a 0.06 ± 1.01a 0.05 ± 0.93a -0.33 ± 0.94b 
High -0.27 ± 1.05a 0.22 ± 0.90a -0.05 ± 0.96a 0.23 ± 0.93a 0.01 ± 0.91ab 

ab Mean factor scores with different superscripts within each sub-column are significantly 
different (p < 0.05). 
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3.4. Consumer segments and characteristics 

Factor scores of the five identified food choice motives were used for the cluster analysis. 

Figure 3.3 shows the four clusters that effectively segment Malawian consumers. Food choices 

of consumers in cluster 1 (CL1) were influenced by mood, health, price and preparation 

convenience, familiarity and sensory appeal. Consumers in cluster 2 (CL2) were indifferent to all 

the identified factors while those in clusters 3 (CL3) and 4 (CL4) were more concerned about 

familiarity and health, respectively. CL3 is the largest consumer segment (33%) followed by 

CL1 (30%), CL4 (24%) and lastly CL2 (13%). 

 

 
Figure 3.3. Consumer clusters based on FCQ food choice factors’ scores. The figure shows the 
consumer segments and how the consumers in each segment rated each of the food choice 
motives in general. 
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Except for occupation, the rest of the demographic and socioeconomic variables, gender, 

age, education level, and monthly income, were significant predictors (p < 0.05) of the likelihood 

that a consumer belongs or does not belong to a particular cluster (Table 3.4). The likelihood of a 

consumer to be in CL1 was affected by monthly income. Higher earners (consumers in medium 

and high-income category) were 0.557 times less likely to be in CL1 than those with low 

monthly incomes when all other factors are held constant. The likelihood of a consumer to be in 

CL2 and CL3, respectively, was affected by education level. With all other factors being 

constant, consumers with post-high school education were 0.536 times less likely to belong to 

CL2 than those in the low education level category. Likewise, such consumers were 0.547 times 

less likely to belong to CL3 than consumers in the low education level category. The likelihood 

of a consumer to be in CL4 was affected by gender, age, education level, and monthly income. 

Men were 1.506 times more likely to be in CL4 than women with all other factors being 

constant. Based on age, older consumers (≥ 30 y) were 0.626 times less likely to be in CL4 than 

younger consumers (< 30 y). Consumers with post-high school education were 1.928 times more 

likely to be in CL4 than those in the low education level category. Finally, higher earners were 

1.867 times more likely to be in CL4 than low earners. 

 

4.0. Discussion 

Unlike in the study by Steptoe et al. [4], the best factor solution revealed five factors 

instead of nine. The absence of some factors, such as ethical concern, has also been reported in 

Greece by Fotopoulos et al. [6] and in New Zealand by Prescott et al. [8]. Just like in Malawi, 

other studies also found different factor patterns to that of the original study as well as variations 

in the dominant food choice motives [5,7]. It is believed that sensory appeal of foods is the most 
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dominant food choice motive, likely based on findings of many studies in developed countries 

[5,15,7,4]. However, this is not the case in Malawi. The sensory appeal of food was ranked 

second from last indicating its little influence on food choices of Malawian consumers. The 

findings portray the apparent differences that exist between consumers in developed countries 

and Malawian consumers. This is also evident from the many other important items, identified in 

this study that Malawian consumers consider when making food choices. The factor structure 

found in this study also suggests that some FCQ items may have a different connotation or 

implication in Malawi. For instance, items 5 (contains natural ingredients) and 17 (helps me 

control my weight) might have been viewed as components of healthy foods by Malawian 

consumers. As a result, these two items loaded on the health factor.  

The additional items found in this study could be related to survival, safety assurance, 

patriotism, and conformity, among others. For instance, the need for more filling food could be a 

survival strategy. Persistent food shortages and poverty in Sub-Saharan Africa limits food 

choices of consumers [16]. Under such circumstances, abating hunger may be the consumer’s 

main priority. This could also be the reason why the sensory appeal of food is not as dominant in 

Malawi as it is in affluent nations. The need for safety assurance could be the reason why 

Malawian consumers want products that are certified and properly labeled. Although 

certification does not deliver a guarantee of food safety nor prevent food safety incidents, it 

reduces the risk of food safety failures [17]. For manufactured products, the Malawi 

Government, through Malawi Bureau of Standards (MBS), has been encouraging consumers in 

Malawi to buy and consume only certified products [18]. Also, the Government has been 

encouraging consumers in Malawi to buy products made in the country as one way of 

strengthening the local industry [19]. It is, therefore, worth noting that some consumers in 
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Malawi are now considering these government initiatives when making food choices. Although 

only 1% of the test population indicated that their food choice is driven by religious and cultural 

beliefs, it is worth noting that culture and religion plays a role in food choices [20,21]. Other 

studies have also suggested conformity to religious beliefs and search for quality assurance as 

potential food choice determinants [6,15,22]. The inclusion of the additional items that were 

identified in the open-ended section of the questionnaire of this study could make the FCQ more 

relevant in other sub-Saharan countries as well. 

The four consumer segments identified in this study confirm that even within the same 

population, factors influencing food choices can be different [6]. One extreme (CL1) had 

consumers who are concerned about many factors when making food choices and the other 

extreme (CL2), had consumers who do not care much about any of the identified factors. This 

demonstrates why a product may be acceptable by some and rejected by other consumers within 

the same population. In marketing, targeting a particular consumer segment other than trying to 

please everyone is the recommended approach [23]. As a result, manufacturers usually target 

specific consumer segments that are profitable for them. However, for nutrition interventions, 

achieving broader initiative goals should be a priority. Consequently, consumer segments that are 

not economically better-off may still be targeted. The factor composition of CL2 also suggests 

that there might be other factors influencing food choices of Malawian consumers that could not 

be revealed using the current 36 item FCQ, as already discussed. 

This study also confirms the existence of differences in food choice motivations among 

consumers due to demographic and socioeconomic factors. Such differences could have many 

implications in designing nutrition intervention programs among others. For instance, it has been 

suggested that nutrition interventions are more successful when women are the target since they 
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influence household diets [24-26]. However, according to this study, familiarity greatly 

influences food choices of Malawian women compared to men. This could affect the women’s 

openness to try new foods as reported in many other studies linking familiarity and food 

neophobia [27,28]. As a result, other nutrition interventions, like those encouraging consumption 

of new commercial fortified foods, may not be readily adopted by the women. The findings have 

also shown that younger male consumers, with post-high school education and higher monthly 

incomes, who are more likely to be in CL4 indicated that health is their greatest motivation. Most 

health nudges are designed to encourage consumption of healthy foods. Therefore, there is an 

apparent need for more nutrition education targeting particularly Malawian women and the older 

consumers, in general, so that health could become their dominant food choice motive.  

 

5. Conclusion 

The factors influencing food choices of Malawian consumers are mood, health, price and 

preparation convenience, sensory appeal, and familiarity. However, the 36 item FCQ did not 

reveal all the factors that influence food choices of Malawian consumers. Therefore, there is 

need to modify the FCQ to make it more adequate for countries such as Malawi. Gender, age, 

education level, and monthly income of consumers significantly influenced food choice motives 

in Malawi. Therefore, food choice motives should not be considered in isolation from 

consumers’ demographic and socioeconomic profiles. As hypothesized, Malawian consumers are 

different from those in developed countries like Britain. Therefore, the current one size fits all 

approach, in initiatives aimed at promoting consumption of various foods, should change to a 

more tailor-made approach.  



 

46 

 

In this study, the sample size was statistically adequate, and the demographic and 

socioeconomic profiles of the participants were a relatively good representation of Malawian 

consumers. However, the authors acknowledge the limitation that the sample size was small 

when compared to the national population. The findings are therefore suggestive of the likely 

national trend rather than being conclusive. However, being the first study of its kind in Malawi, 

the results have provided good insights on factors that influence food choices of Malawian 

consumers. Future studies can therefore, build on the findings of this study to further test and 

incorporate the identified additional items into the FCQ, preferably using a larger sample size. 

Another limitation of the study is that it was done in only one sub-Saharan country in 

Southeastern Africa. Countries such as Zambia, Mozambique, and Tanzania would likely benefit 

from such a study. 
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CHAPTER 4 

PEANUT CONSUMPTION IN MALAWI: AN OPPORTUNITY FOR INNOVATION1 
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Abstract 

Peanuts are a valuable source of nutrients but, peanut consumption patterns, consumption 

frequencies, and the factors influencing peanut consumption in Malawi are not known. The study 

surveyed consumers to fill this knowledge gap and to assess Malawian consumers’ readiness to 

try new food products. Out of the 489 respondents surveyed, all but 3 consumed peanuts (in any 

form). The majority (70.4%) consumed peanuts at least three times in a week. Chi-square test 

showed that demographic and socioeconomic variables had significant effects (p < 0.05) on 

peanut product preferences, the frequency of peanut consumption and readiness to try new foods. 

For instance, women mostly preferred peanut flour compared to men, and peanut butter was the 

most preferred form for younger consumers. Logistic regression analysis showed that consumers 

with high school education or below were 2.35 times more likely to eat peanuts more often than 

consumers with post-high school education. Among the participants that were ready to try new 

foods (54%), men and those with post-high school education were 1.90 and 2.74 times more 

likely to try new foods than their respective counterparts In general, the diversity of peanut 

products on the Malawian market is limited, and socioeconomic restrictions are overriding 

consumer preferences. Therefore, future peanut-based food products innovations should explore 

ways to overcome such restrictions. 
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1. Introduction 

Prevalence of malnutrition, especially under-nutrition, is high in Sub-Saharan Africa 

(SSA) compared to the developed countries. Between 1990 and 2014, there has been a 24% 

overall increase in the number of undernourished people in SSA. As a way of addressing 

undernutrition, governments in the region are implementing initiatives designed to increase 

production of and access to nutritious foods [1]. For instance, the Malawian government is 

promoting dietary diversification by supporting production and consumption of underutilized yet 

nutritious foods like peanuts [2].  

Peanuts are a valuable source of proteins, fats, vitamins, and minerals for human and 

animal nutrition. Peanut kernels, on average, contain 48% fat, 26% protein, 17% carbohydrates, 

2% fiber, 2% ash and 1% of vitamins and minerals which include vitamin E, niacin, folate, 

manganese, magnesium and phosphorous [3]. Peanuts also contain bioactive substances such as 

flavonoids, resveratrol, and phytosterols which have been associated with decreased risk of 

coronary heart disease (CHD) and reduced cancer risk [4,5]. Many studies have been done on the 

health benefits derived from peanut consumption. For instance, Griel et al. [6] found that peanut 

users have a higher intake of micronutrients, lower intake of saturated fat and cholesterol, and 

lower body mass index (BMI) despite peanuts being energy dense. FAO [7] suggested that a 

handful (~30g) of peanuts a day could be enough to address most malnutrition cases in 

developing countries. Unfortunately, peanut consumption in Malawi is quite low (~13g/day.) 

although production is relatively high [8]. The reasons behind the low peanuts consumption are 

not known because peanut consumption patterns, consumption frequencies, and the factors 

influencing peanut consumption in Malawi have not been determined.  
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Although making food choices is a complex process, it is known that consumers choose 

foods or food products that meet their needs and wants [9,10]. The consumer needs and wants 

ultimately influence food choices and consumption patterns. Unfortunately, identification of the 

motivating factors that would make people consume more nutritious foods like peanuts is often 

overlooked. Nutrition interventions aimed at promoting consumption of particular foods in SSA 

have been mostly done considering only health benefits although studies, especially in developed 

countries, have shown that health is just one of the several factors that influence food choices 

[11-14]. Furthermore, the interventions are not tailored for different target groups although 

evidence shows that food consumption patterns, preferences, and dominant food choice motives 

vary among nationalities, cultures and socio-demographic profiles [12,15,13,14,16]. 

Given the above, a consumer survey was conducted to identify the peanut consumption 

patterns, consumption frequencies, and the factors that influence consumption of peanuts in 

Malawi. Furthermore, the effect of consumers’ demographic and socioeconomic profiles on 

peanut consumption, peanut preferences, and readiness of Malawian consumers to try new foods 

was also investigated. Although the results are based on a survey from Malawi, they could also 

be useful to other nutritionists, food scientists, policymakers, food companies, and food 

marketers in Sub-Saharan Africa, especially countries in southern Africa with relatively similar 

dietary patterns to Malawi. 

 

2. Materials and methods 

2.1. Procedure and subjects 

A consumer survey was conducted in three major cities (Lilongwe, Blantyre, and Mzuzu) 

of Malawi. Invitations to participants were sent through flyers, posters, and billboards where the 
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aims of the study and the inclusion criteria, among others, were briefly described. In each city, 

participants came to one designated place and completed a questionnaire in the presence of the 

researchers. There were 169 participants recruited in Lilongwe (Centre), 162 in Blantyre (South) 

and 158 in Mzuzu (North). The participants were diverse in their gender, age, education level, 

occupation, and monthly incomes. Only Malawian adults (aged 18 or above) who make 

independent food choice decisions participate. All human subjects ethical procedures were 

followed as approved by the University of Georgia’s Institutional Review Board (IRB Approval 

Number: STUDY00004112). 

 

2.2. Data collection tool 

The questionnaire was provided in English, the official language, and Chichewa, the 

main local language in Malawi. The questionnaire was translated into the local language and 

back-translated into English by two independent translators for accuracy and good language 

equivalence. The questionnaire had three sections (Appendix B). The first section was on peanut 

consumption and preferences followed by a section on food neophobia. In the first section, 

participants were asked to mention all the peanut products that they consume, and how often they 

consume the peanut products. Then, they were asked to mention their most preferred peanut form 

or product and to give reasons for their choice. In the food neophobia section, participants were 

asked if they would try new (unfamiliar) foods or food products. For those who indicated that 

they would not try new foods, their reasons for fearing new foods and what could compel them, 

if possible, to try new foods were solicited through open-ended questions. The last section was 

about the participants’ demographic and socioeconomic information. Data on gender, age, 

highest education level, occupation, and monthly incomes were collected. 
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2.3. Data analysis 

Frequency distributions were generated, and the differences in proportions were assessed 

using 2 test or Fisher’s exact test where theoretical cell counts were less than 5. Likelihood of a 

consumer to like a particular peanut product, based on gender, age, education level, occupation, 

and monthly income, was determined using binary logistic regression analysis. Regression 

coefficients were estimated using maximum likelihood estimation and are presented with odds 

ratios (ORs) and Wald 2- statistics. The ORs are point estimates obtained by exponentiating the 

estimate. The OR indicates the likely change in the probability of the response factor if there is a 

one unit increase in the level of the predictor variable when all other variables are held constant. 

When the OR is equal to 1, there is no effect of the unit variation of the predictor on the response 

factor. A large deviation of the OR values from one signifies a greater effect on change in the 

occurrence probability of the response factor and vice versa. The Wald 2- statistic is the test 

statistic for the hypothesis test that an individual predictor’s estimate (regression coefficient) is 

zero given the rest of the predictors are in the model. The Wald 2- statistic is the squared ratio 

of the estimate to the standard error of the respective predictor [17]. The logistic model used in 

this study is represented as follows: 

 

 

 

The binary dependent response (Yi) for participant i takes a value of 1 if the participant 

likes the specified peanut product otherwise, it takes the value of 0. Vectors of the exploratory 

variables are represented by Xi while the intercept and variable coefficients are represented by β0 

and βi (i = 1, 2 …n), respectively. For modeling purposes only, age was categorized as young (< 
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30 years) and old (≥ 30 years), education level as higher level (post-high school education) and 

lower level (high school and below), monthly income as lower earners (low income) and higher 

earners (Medium and high income), and occupation was categorized as ‘full-time job’ and other 

occupations (self-employed, menial jobs, students, and none). A similar analysis was done to 

estimate the likelihood that a consumer will try new foods or not and whether a consumer is 

likely to eat peanuts or peanuts products more often (at least thrice a week) or less often (at most 

once a week). All statistical analyses were done in XLSTAT 2017 (Addinsoft, New York).  

 

3. Results 

3.1. Study participants 

The demographic and socioeconomic information of the participants is shown in Table 

4.1. Of the 489 participants, there were more men (68%) than women, and most of the 

participants were aged between 21 and 39 (73%). 

 

3.2. Peanut consumption and preference 

Out of the 489 respondents surveyed, all but 3 consumed peanuts, peanut products, or 

both. The three who indicated that they do not eat peanuts and peanut products were due to 

allergies. The most frequently mentioned forms of peanut consumption were roasted peanuts 

(65%), peanut flour (64%), and peanut butter (63%) as shown in Figure 4.1. However, the most 

preferred forms were peanut butter (33%), peanut flour (31%), and roasted peanuts (19%). A 

summary of peanut product preference by gender, age, education level, occupation, and monthly 

income is shown in Table 4.1. 
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Figure 4.1. Peanut products and their respective consumption and preference frequencies. 
Unlike for preference, the sum of consumption frequencies is more than 100% because 
multiple responses were allowed. Values followed by similar letters (a, b, or c) indicate no 
significant difference (p > 0.05). 

 

The majority (70.4%) consumed peanuts (in any form) at least three times in a week. 

Peanut flour and peanut butter were the most preferred peanut forms for those that consume 

peanuts at least three times a week or more (Figure 4.2). Consumers who eat peanuts at least 

once a week mostly liked peanut butter and roasted peanuts. A summary of peanut consumption 

frequency by gender, age, education level, occupation, and monthly income is shown in Table 

4.1. 
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Figure 4.2. Peanut consumption rate related to consumer preference for the various peanut 
products. Frequency is the proportion of respondents categorized based on their most 
preferred peanut products. 

 

3.3. Drivers of peanut preferences 

All of the three most preferred peanut products were considered to be very nutritious 

(Figure 4.3). Distinctively, peanut flour preference was mainly due to its versatility since it can 

be used to season many other foods. The preference for roasted peanuts was primarily due to 

price and preparation convenience because it is cheap and easy to prepare. Peanut butter was the 

most preferred form of peanut consumption due to its sensory appeal and that it is energy-dense. 

Notably, preference for both raw and boiled peanuts was mainly due to their perceived ability to 

enhance reproductive health. 
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Figure 4.3. Reasons behind consumer preferences for the various peanut products. 
Frequency is the proportion of respondents who gave the reason, categorized based on their 
most preferred peanut products. 

 

3.4. Readiness to try new foods  

There was a significant difference between the proportions of neophobic and neophilic 

respondents (p < 0.05). Fifty-four percent of the respondents indicated that they were willing to 

try new food products for the first time. For participants that were ready to try new foods, a 

frequency summary by gender, age, education level, occupation, and monthly income is shown 

in Table 4.1. The consumers who were not ready to try new foods (neophobic consumers) had 

concerns about safety in general (81%), nature of the ingredients (13%), and allergens (6%). As a 

result, safety assurance and knowledge about the ingredients were the most frequently mentioned 
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factors that would compel them to try new foods despite their food neophobic dispositions 

(Figure 4.4). However, a few consumers (6%) indicated that nothing could compel them to try 

new foods. 

 

 
Figure 4.4. Compelling reasons for ignoring fear for new foods as indicated by the 
neophobic consumers (n = 225). 

 

3.5. Effect of demographic and socioeconomic variables on peanut preference  

Differences were noted in the associations between preferences for the various peanut 

products and the demographic and socioeconomic variables (Table 4.2). Gender, age, education 

level, occupation, and monthly income, respectively, had significant associations with consumer 

preference for peanut cooking oil (p < 0.05). Men were 2.56 times more likely to like peanut 

cooking oil than women when all other factors were held constant. 
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However, younger consumers, irrespective of gender, were 1.63 times more likely to like peanut 

cooking oil than older consumers. Likewise, consumers with high school education or below, 

those with full-time jobs, and the consumers with lower monthly incomes, respectively, were 

2.05, 2.04, and 4.33 times more likely to prefer peanut cooking oil than their counterparts. 

Preference for raw peanuts was significantly (p < 0.05) influenced by each of the 

assessed demographic and socioeconomic variables except occupation. Men were 3.80 times 

more likely to prefer raw peanuts than women. Likewise, older consumers, those with post-high 

school education, and consumers with lower monthly incomes, respectively, were 2.17, 2.99, and 

2.30 times more likely to like raw peanuts than their counterparts.  

Gender, age, and education level, respectively, had a significant influence on preference 

for peanut flour (p < 0.05). Women, those with high school education or below, and older 

consumers, respectively, were 1.86, 1.70, and 1.71 times more likely to prefer peanut flour 

compared to their counterparts.  

Preference for boiled peanuts was significantly influenced by education level and 

monthly incomes (p < 0.05). Consumers with post-high school education were 1.56 times more 

likely to like boiled peanuts than those in lower education level category. Likewise, consumers 

with higher monthly incomes were 2.046 times more likely to prefer boiled peanuts compared to 

consumers with lower monthly incomes. 

Gender and occupation, respectively, had a significant influence on preference for roasted 

peanuts (p < 0.05). Men and those that had full-time jobs were 2.15 and 1.48 times more likely to 

like roasted peanuts compared to their respective counterparts.  
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Finally, preference for peanut butter was significantly influenced by age and education 

level, respectively (p < 0.05). Consumers with post-high education and those that were younger 

were 1.54 and 1.70 times more likely to prefer peanut butter than their respective counterparts. 

 

3.6. Effect of demographic and socioeconomic variables on peanut consumption frequency 

As shown in Table 4.3, peanut consumption frequency, irrespective of peanut form, was 

significantly influenced by education level only (p < 0.05). Consumers with high school 

education or below were 2.35 times more likely to eat peanuts (in any form) more often than 

consumers in the high education level category. 

 

Table 4.3. Logistic regression estimates for demographic and socioeconomic variables 
influencing peanut consumption frequency and readiness to try new foods, respectively. 
 
 
Predictor 

Peanut Consumption Frequency Readiness to Try New Foods 
Odds ratio  
[CI]  

2 
P > 2 

Odds ratio  
[CI]  

2 
P > 2 

Gender     
Male vs. Female 1.12 

[0.75, 1.65] 
0.301 
0.583 

1.90 

[1.27, 2.84] 
9.603 
0.002 

Age     
<30 yrs. vs. ≥30 yrs. 1.01 

[0.69, 1.50] 
0.005 
0.945 

1.38 

[0.92, 2.06] 
2.401 
0.121 

Education level     
High school and below 
vs. Post- high school 

2.35 

[1.57, 3.51] 
17.301 
< 0.0001 

2.74 

[1.79, 4.18] 
21.796 
< 0.0001 

Occupation     
Full-time employment vs. 
Other occupations 

1.20 
[0.81, 1.77] 

0.819 
0.366 

2.02 

[1.35, 3.02] 
11.824 
0.001 

Monthly income     
Low vs. Medium & High 1.16 

[0.71, 1.90] 
0.337 
0.561 

1.04 

[0.62, 1.75] 
0.018 
0.893 

Probability values (p) in bold are significant at 5% significance level; CI = 95% confidence 
interval. 
Prediction Equations: Consumption frequency = 1 / (1 + exp (-[-0.59 + 0.85*Education 
level- high school and below])). 
Readiness to try new foods = 1 / (1 + exp (-[0.40 + 0.64*Gender-Male + 1.01*Education 
level-Post high school + 0.71*Occupation-Fulltime])). 
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3.7. Effect of demographic and socioeconomic variables on readiness to try new foods 

Gender, education level, and occupation, respectively, had a significant effect on 

readiness to try new foods as shown in Table 4.3 (p < 0.05). Men were 1.90 times more likely to 

try new foods than women. Likewise, consumers with post-high school education and those with 

full-time jobs were 2.74 and 2.02 times more likely to try new foods compared to their respective 

counterparts.  

 

4. Discussion 

Based on the findings, it is evident that the diversity of peanut products in Malawi is 

limited. Unlike in other countries where peanuts are eaten in many different forms, peanuts in 

Malawi are consumed in a few typical customary forms such as peanut flour, raw, boiled, and 

roasted peanuts. As expected, these are peanut products that that are easy to prepare within 

households either for consumption or for vending. George Washington Carver is credited for his 

significant contribution to the development of peanut products. His research developed 300 

products and 105 ways of using peanuts in soups, puree, bread, candy, cheeses, coffee, cookies, 

cakes, puddings, ice creams, cutlets, patties, sausages, omelets, macaroni, stuffing, wafers, bars, 

and doughnuts, among others [18,19]. The absence of most of these peanut-based products on 

the Malawian market is an opportunity for peanut products diversification. The limited diversity 

of peanut products on the Malawian market is likely one of the factors contributing to the low 

peanut consumption. 

The mismatch between consumption and preferences is also an opportunity for 

innovation. One would expect a food product that is mostly preferred to be the most consumed 

product as well. However, as found in this study, peanut butter which was the most preferred 
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peanut product was third when the products were ranked based on consumption. Consumers 

indicated that they preferred peanut products like peanut flour, boiled peanuts, and roasted 

peanuts because they were cheap and easy to prepare but no one mentioned these as reasons for 

his or her peanut butter preference. Deductively, it is likely that peanut butter consumption is 

hindered by its relatively high price and inconvenient preparation process. Therefore, new 

peanut-based products that could have the desired sensory properties like peanut butter, 

affordable, and convenient are likely to succeed on the Malawian market. 

The significant effect of demographic and socioeconomic variables on peanut products 

preference provides useful insights into Malawian consumers’ characteristics and their peanut 

consumption patterns. The significant demographic and socioeconomic effects can also serve as 

a basis for classifying the peanut products in Malawi. Peanut flour could be classified as a 

product for women, older consumers, and those in the low education level category (High school 

education and below). Roasted peanuts are for men and those with full-time jobs. Peanut butter is 

for younger consumers and those with post-high school education. Boiled peanuts are for 

consumers with post-high school education and those with higher monthly incomes. Raw 

peanuts are for men, older consumers, those with post-high school education, and consumers 

with lower monthly incomes. Peanut cooking oil seemed to be preferred by men in general, 

younger consumers, those in the low education level category (High school education and 

below), consumers with full-time jobs, and those with lower monthly incomes. This might be 

related to flavor of foods cooked or fried in peanut oil rather than just preference for the oil itself. 

The effect of demographic and socioeconomic variables on peanut consumption has also 

been found in studies done in other countries. For instance, just like in Malawi, men were also 

found to be the dominant consumers of raw peanuts in Ghana and two southern states of the 
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U.S., respectively[20,21] . Men consider peanuts, especially raw peanuts, as an aphrodisiac [21]. 

Therefore, it is not surprising that enhancement of reproductive health was the most frequently 

mentioned reason for preferring raw and boiled peanuts. Peanuts are a rich natural source of L-

arginine. This amino acid helps improve sexual function by relaxing blood vessels [22]. 

The reasons behind peanut preferences in Malawi are related to health (nutritious, good 

for reproductive health, provides energy), convenience (easy to prepare, easy to get, good for 

everyone), familiarity (is familiar), sensory appeal (great flavor, fulfilling, imparts great taste to 

other foods), price (is cheap), natural content (is natural), and versatility (can be used to season 

many other foods). Other studies also found that health, convenience, familiarity, price, sensory 

appeal and natural content of foods as factors that influence food choices of consumers in 

general [11-13,23,14,24]. Therefore, only versatility is the unique factor identified in this study. 

Peanut flour was considered to be highly versatile among all the peanut products identified in 

this study. In Malawi, peanut flour is added to many other different foods such as vegetables, 

fish, corn flour porridge, sweet potatoes, plantains, rice, and corn grits. It can also be used to 

make peanut sauce (Thendo) by mixing the peanut flour with other ingredients such as tomatoes.  

The significant effect of demographic and socioeconomic factors on peanut consumption 

frequency and readiness to try new foods provides further insights into the characteristics of 

Malawian consumers. The findings have shown that Malawian consumers with post-high school 

education eat peanut products less often compared to those in the low education level category. 

Whether the peanuts are replaced with other equally nutritious foods or snacks is not known. 

Consumers with post-high school education were also more ready to try new foods than those in 

the low education level category. Likewise, men and those with full-time jobs were more ready 

to try new foods compared to their respective counterparts. Based on this study, the neophilic 
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consumers have high purchasing power since they have higher monthly incomes compared to 

their respective counterparts. Therefore, targeting them with new commercial food products, 

which meets their needs and wants, could be feasible. Food neophobic individuals consider novel 

or unfamiliar foods as a threat and therefore, they react negatively to these products [25]. Food 

neophobia restricts marketability of new food products, is a possible barrier to a balanced diet, 

and could restrict change towards a healthier diet [26-28]. Therefore, food products marketing 

strategies should be devised to target this segment of neophobic consumers when promoting new 

food products. Apart from the few consumers, those that nothing can compel them to try new 

foods, most of the food neophobic consumers are just being cautious. Addressing their fears, by 

providing safety assurance and declaring the product’s ingredients, among others, could yield 

positive results. Veeck [25] noted that food neophobia could be described as an individual and a 

social trait. Therefore, as found in this study, a referral from a trusted friend or close family 

member may persuade a food neophobic person to sample an unfamiliar food product. However, 

further studies should be done to determine the effectiveness of the factors, identified in this 

study, which could compel a neophobic individual to try new foods. Unlike the approach used in 

this study, such further studies should use a validated tool developed by Pliner et al. [29] for 

measuring food neophobia to maximize the reliability of the findings. 

 

5. Conclusion 

This study has provided useful information on peanut consumption in Malawi, the 

reasons for peanut product preferences, and the differences in consumer preferences for the 

various peanut forms based on demographic and socioeconomic factors. The limited diversity of 

peanut products on the Malawian market is an opportunity for innovation. Given that 
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socioeconomic restrictions are overriding consumer preferences, future peanut-based food 

products innovations should, therefore, explore ways to strike a balance between price and the 

other food choice motives. Furthermore, proper marketing strategies should be developed to 

target neophobic consumers. 

In this study, the sample size was statistically adequate, and the socioeconomic profiles 

of the participants were a relatively good representation of Malawian consumers. However, the 

authors acknowledge the limitation that the sample was demographically unbalanced when 

compared to the national population distribution. Therefore, the findings are suggestive of the 

likely national trend rather than being conclusive. However, this is the first study of its kind in 

Malawi. Therefore, the results have provided good insights into Malawian consumers’ peanut 

consumption patterns, preferences, and their readiness to try new foods. Future studies can build 

on the findings of this study to further explore issues related to peanut consumption and food 

neophobia in Malawi, preferably using a purposive sampling plan to balance the demographic 

composition of the participants. 
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CHAPTER 5 

SENSORY CHARACTERIZATION OF DOMINANT MALAWI PEANUT VARIETIES1 
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Abstract 

Although sensory appeal influences peanut consumption, peanut varieties are mostly 

selected based on agronomic traits. As a result, the sensory properties of peanut varieties, 

especially in southern Africa, are not known. Therefore, the primary objective of the study was 

to determine the sensory properties of the Malawi peanut varieties and the volatile compounds 

associated with roasted peanut flavor. Six dominant Malawi peanut varieties (Chalimbana, CG7, 

Nsinjiro, Kakoma, Baka, and Chitala) were evaluated in this study. All peanut samples were 

shelled and then, roasted in a convection oven to reach medium doneness as indicated by the 

surface color lightness (L) value of ~50. A hybrid descriptive analysis (DA) was done to 

determine the sensory profile of the roasted peanuts. Volatile compounds were extracted from 

equilibrated ground peanut sample using headspace-solid phase microextraction (HS-SPME) 

technique and analyzed by gas chromatography-mass spectrometry (GC-MS). Analysis of 

Variance (ANOVA) of the DA data showed significant differences (p < 0.05) in the sensory 

profiles of the peanut varieties. Nsinjiro and Baka had a significantly higher intensity of roasted 

peanutty aroma and flavor (p < 0.05). The GC-MS results showed that pyrazines and furans were 

the dominant volatile compounds but, their respective concentrations, in the evaluated peanut 

varieties, were significantly different (p < 0.05). Among the pyrazines, 2-ethyl-3,5-dimethyl 

pyrazine was strongly correlated with roasted peanutty flavor (r = 0.927) just like 2,5 dimethyl 

pyrazine (r = 0.916). Therefore, 2-ethyl-3,5-dimethyl pyrazine and 2,5-dimethyl pyrazine 

production pathways could provide more insights into the origins of roasted peanut flavor. The 

findings of this study can help food product developers, who have no access to sensory and 

analytical analyses, to identify Malawi peanut varieties that are suitable for various food 
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applications. Furthermore, plant breeders could also use the findings to inform new projects 

aimed at improving the sensory properties of the peanut varieties.   
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1. Introduction 

Peanuts (Arachis hypogaea) are among the important oilseed crops in the world [1]. 

Peanuts are even more important in developing countries. Of the total world peanut production, 

92% comes from Africa, Asia, and South America [2]. Peanuts are a valuable source of proteins, 

fats, vitamins, and minerals for human and animal nutrition [3]. Many studies have shown the 

numerous health benefits deriving from peanut consumption, including benefits beyond basic 

nutrition. As a functional food, peanut consumption has been associated with a decreased risk of 

having coronary heart disease (CHD), cancer, type 2 diabetes, and unhealthy body mass index 

(BMI), among others [4-9]. As a result, promotion of peanuts consumption is one component of 

nutrition intervention programs, especially in Sub-Saharan Africa where malnutrition remains a 

significant challenge and cases of non-communicable diseases (NCDs) are increasing [10,11].  

One of the primary drivers of peanut consumption is the sensory appeal, especially flavor 

after thermal processing [12]. However, just like the nutrient composition of peanuts, studies 

have shown that flavor in peanuts is also affected by genotype, among other factors [13,14]. For 

instance, Lykomitros et al. [15] found that Virginia type peanuts develop more intense roasted 

aromas than Runner type peanuts, and this was attributed to likely differences in the 

concentrations of Maillard reaction precursors. Such differences have also been reported in 

several other studies comparing flavor profiles of peanuts from different origins, market types, 

varieties, and grades [16-20]. Therefore, the need for proper selection of peanut varieties to meet 

various food applications cannot be overemphasized. Unfortunately, studies aimed at 

characterizing sensory properties of peanuts have not been done in Sub-Saharan Africa. For 

instance, over fourteen peanut varieties have been released in Malawi since 1968, and mostly 

they were developed to improve yield and resistance to diseases and pests [21]. Currently, based 
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on adoption rates by farmers, Chalimbana, CG7, Nsinjiro, Kakoma, Baka, and Chitala are the 

dominant peanut varieties in Malawi [22]. However, unlike the agronomic information, little is 

known about the sensory properties of any peanut variety in Malawi.  

Given the above, the sensory characteristics and flavor compounds of the dominant 

Malawi peanut varieties were determined in this study. The findings can potentially influence the 

utilization of the peanut varieties. Therefore, the study is valuable especially to food product 

developers and food marketers. Furthermore, plant breeders could also use the same information 

to inform new projects aimed at improving the sensory properties of the peanut varieties. 

 

2. Materials and methods 

2.1. Sample preparation 

Six dominant Malawi peanut varieties were evaluated in this study. Based on adoption 

rates by farmers, Chalimbana, CG7, Nsinjiro, Kakoma, Baka, and Chitala are currently the 

dominant peanut varieties in Malawi [22], and all of them were normal-oleic varieties. The 

peanut samples for all the varieties, except Chalimbana, were obtained from the International 

Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in Malawi. Chalimbana peanut 

samples were obtained from Department of Agricultural Research Services, Chitedze research 

station, in Malawi. All samples were pure seed-grade peanuts from the 2015-2016 planting 

season, and the same agro-ecological zone (Lakeshore and Upper Shire Valley zone). All peanut 

samples were shelled and then, batches (1 Kg) of each sample were roasted in a convection oven 

(KitchenAid Superba, KEBS208, Benton Harbor, MI, USA) to reach medium doneness, 

indicated by surface color lightness (L) value of 50 ± 1. The batch size was chosen to ensure a 

single layer of peanuts on the roasting wire racks for uniform roasting. The L-value of 50 ± 1 has 
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been identified as the ideal color for roasted peanut flavor [23,24]. Four color readings were 

taken for each of the roasted peanuts using a calibrated benchtop ColorFlex Spectrophotometer 

(HunterLab, Reston, VA, USA) as done by Wang et al. [25]. The variety details [26], roasting 

conditions, and mean L values for the samples are summarized in Table 5.1. After roasting, the 

peanuts were cooled to room temperature (24 ± 1 °C) by a cooling fan and were then blanched in 

an Ashton peanut blancher (Model EX, Ashton Food Machinery Co., Newark, NJ, USA). The 

blanched peanut samples were manually sorted to remove discolored and broken kernels. The 

sorted samples were then vacuum-packaged after flushing with nitrogen. All samples were stored 

at -20 °C till further use in descriptive and gas chromatography-mass spectroscopy (GC-MS) 

analyses. A day before the descriptive or GC-MS analysis, samples were moved from the 

storage, equilibrated at 24 °C for 12 h, and stored in Ziploc bags (S. C. Johnson & Son, Inc., 

Racine, WI, USA). 

 

Table 5.1. Description of the peanut varieties and their roasting conditions. 
Variety Market type 100 seed weight (g) Temperature (oC) Time (min) Lightness (L) 

Chalimbana (Local) Virginia 81 162.8 35 49.78 

CG7 (ICGV-SM 83708) Virginia 62 162.8 30 49.33 

Nsinjiro (ICGV-SM 90704) Virginia 45 162.8 25 49.04 

Kakoma (JL 24) Spanish 45 162.8 25 49.33 

Baka (ICG 12991) Spanish 36 162.8 20 49.77 

Chitala (ICGV-SM 99568) Spanish 45 162.8 25 49.98 

 

2.2. Descriptive analysis 

A hybrid descriptive analysis method was used [27]. Evaluation of appearance, 

aromatics, flavor, texture, feeling factors, and after-taste, of the medium roasted peanuts (L = 50 

± 1), was done by six highly trained panelists at the University of Georgia, Griffin Campus’ 

Sensory Evaluation & Consumer Laboratory. Approval from the University’s institutional 
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review board (IRB) was obtained (STUDY00004112) before collecting the sensory data. All the 

panelists (4 women and 2 men) were adults, and had more than 12 y (about 1440 h) of 

experience in descriptive analysis of peanut products. Before the tests, two orientation sessions, 

each lasting for 2 h, were conducted to decide on a lexicon for the roasted peanuts. The panel 

decided the final list of descriptors, definitions, and references through consensus (Table 5.2).  

Twenty-three attributes were evaluated. These were sweet aromatic aroma, roasted peanutty 

aroma, oily aroma, overall oxidized aroma, cardboard aroma, fishy aroma, painty aroma, 

brownness, raw/beany flavor, roasted peanutty flavor, burnt flavor, oily flavor, bitter taste, sour 

taste, salty taste, sweet taste, fructurability, crispness, crunchiness, tooth packing, astringency, 

roasted peanutty after-taste, and burnt after-taste. All the samples were tested in partitioned 

booths under incandescent light at 24 °C according to a randomized complete block design with 

three replications. About 10 g of each peanut sample was served and scored using a 0 to 150-

point scale with 5-point increments. Water and unsalted crackers (Kroger Co., Cincinnati, OH, 

USA) were used to cleanse the palate before evaluating each sample, and a 2-min break 

(computer-programmed) was also included between samples, in each session. The data were 

collected using Compusense Cloud (Compusense Inc., Guelph, Ontario, Canada).  
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2.3. GC-MS analysis 

Volatile compounds were extracted from equilibrated ground peanut sample using 

headspace-solid phase microextraction (HS-SPME) technique and then, analyzed on a GC-MS as 

described by Wang et al. [28]. The samples were ground to a powder using a coffee grinder 

(Hamilton Beach Co., Southern Pines, NC, USA). Approximately 1.5 g of the ground sample 

was transferred into a 20 mL screw-cap vial fitted with a polytetrafluoroethylene septum. To 

each vial, 20 μL of 0.045 mg/mL of 1,3-dichlorobenzene (Sigma-Aldrich, St. Louis, MO, USA) 

was added as an internal standard (IS). The final concentration of the IS in the sample was 600 

μg/Kg. The sample vials were then equilibrated at 50 °C, for 15 min, in the autosampler (Model 

GC sampler 80, Agilent Technologies, Santa Clara, CA, USA). The equilibration was done under 

agitation at 250 rpm. After the equilibration, a 50/30 μm divinylbenzene/ 

carboxen/polydimethylsiloxane fiber was exposed to the sample headspace for 40 min at 50 °C. 

The volatile compounds were desorbed from the fiber, at 250 °C for 5 min, onto the GC-MS 

(Model 7890A, Agilent Technologies, Santa Clara, CA, USA) in a splitless mode.  

The compounds were separated on an HP-5MS column (30 m × 250 μm × 0.25 μm) and 

detected by a mass detector (Model 5977A, Agilent Technologies, Santa Clara, CA, USA). 

Helium gas, at a flow rate of 1 mL/min, was used as a carrier gas. The column was maintained at 

40 °C for 5 min, raised to 116 °C at a rate of 2 °C /min, and finally to 200 °C at a rate of 6 °C 

/min. The mass detector scanned a mass range (m/z) from 30 to 400 at a scan speed of 1.562 u/s. 

Temperatures for MS source and MS quadrupole were 230 °C and 150 °C, respectively. 

Identification of compounds was based on mass spectra database (NIST/EPA/NIH mass spectral 

library, version 2.2, 2014) and Kovats indices (KI). The KI indices were calculated based on the 

retention times of a series of n-alkanes (C7 to C30). Concentrations of the compounds were 
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calculated based on their relative peak areas to that of the internal standard, 1,3-dichlorobenzene. 

All samples were analyzed in duplicate.  

 

2.4. Statistical analysis 

The data were first analyzed using analysis of variance (ANOVA). One-way ANOVA 

was used to analyze the GC-MS data. Three-way ANOVA was used to analyze the descriptive 

sensory data with panelist and replication as random variables (mixed model). Post-hoc mean 

separations were carried out using Tukey’s honestly significant difference test at a significance 

level of 0.05 (p < 0.05). To identify the key characteristics of each sample, a product 

characterization function, in XLSTAT statistical software, was applied to both the sensory and 

GC-MS data. The computations are based on ANOVA models and the discriminating power of 

all the descriptors is determined for each sample [29]. The model coefficients have been reported 

in this study. Large model coefficient for a particular descriptor indicates high discrimination 

effect (key characteristic), whether positive or negative. Finally, multiple factor analysis (MFA) 

was done to show the pattern of relationship between the sensory and GC-MS data sets. All 

statistical analyses were done in XLSTAT (ver 2018; Addinsoft, New York, NY). 

 

3. Results and discussion 

3.1. Descriptive analysis 

Based on ANOVA, roasted peanutty aroma and flavor, oily flavor, burnt flavor, raw or 

beany flavor, astringency, bitter taste, fructurability, brownness, sweet taste, and burnt aftertaste 

had significant discriminating power (p < 0.05). As expected of freshly roasted peanuts, overall 

oxidized flavor and other off-flavors (cardboard, fishy, and painty) were close to zero. In general, 
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Nsinjiro and Baka had significantly higher intensities of roasted peanutty aroma and flavor 

(Table 5.3). CG7 and Chalimbana had significantly higher intensities of oily flavor while Chitala 

had a significantly higher intensity of fructurability. Considering the model coefficients for each 

sample, as shown in Table 5.3, Chalimbana had more of oily flavor but, less brownness, burnt 

flavor, and astringency. CG7 had more of oily flavor, raw or beany flavor, and a sweet taste but, 

less of astringency, bitter taste, burnt flavor, and burnt aftertaste. Nsinjiro had more of the 

roasted peanutty flavor. However, it also had more of the burnt flavor, sour taste, and 

astringency. Kakoma had less of sweet and oily aroma intensities. Baka also had more of the 

roasted peanutty flavor, burnt flavor, burnt aftertaste, and a bitter taste. However, Baka had less 

oily flavor, fructurability and crispness intensities. Finally, Chitala had less oily flavor but more 

fructurability. 

Considering the significant attributes, the roasted peanutty flavor had significant positive 

correlations with a burnt flavor, bitter taste, and burnt aftertaste, respectively (Table 5.4). The 

burnt flavor had a significant negative correlation with oily flavor but, positive correlations with 

a bitter taste and burnt aftertaste. Contrary to expectation, brownness had no significant 

correlation with roasted peanutty flavor and aroma. Other studies have reported significant 

correlations between flavor and color of roasted peanuts [24,30,31]. Considering that both color 

development and roasted peanut flavor are mainly due to Maillard reaction [23,31], it was 

expected that color would have a significant correlation with roasted peanut flavor. However, the 

correlation was not found in this study. This confirms the findings of Lykomitros et al. [32] who 

suggested that the correlation between color and roasted peanut flavor is not universal.  
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As found in this study, significant differences in the flavor of peanuts roasted to the same 

final surface color are possible [24]. Therefore, relying only on the surface color to predict 

roasted peanut flavor of different varieties may be misleading. 

It is apparent that Baka and Nsinjiro, which had significantly higher scores on roasted peanutty 

flavor (p < 0.05), had a bitter taste, burnt flavor, and a burnt aftertaste. On the other hand, CG7 

and Chalimbana, which had significantly lower scores on roasted peanutty flavor, had a raw or 

beany flavor. A similar trend was reported by Lykomitros et al. [15]. Virginia peanuts, which 

had higher scores on roasted peanut attributes also, had significantly higher scores for bitter taste 

and lower scores for raw or beany flavor. The bitter test, burnt flavor, and burnt aftertaste are 

attributes associated with scorching while the raw or beany flavor and sweetness are attributes 

associated with insufficient roasting. Since all samples were roasted to similar final surface 

color, the findings suggest that Chalimbana, CG7, Chitala, and Kakoma peanuts develop the 

roasted flavor at a much slower rate compared to Baka and Nsinjiro. Therefore, they could be 

roasted in a more aggressive time-temperature profile, to deliver roasted flavors similar to Baka 

and Nsinjiro. However, the findings could also be an indication that Baka and Nsinjiro contain a 

higher concentration of precursors for Maillard reactions. Maillard reaction is a key source of 

compounds that are associated with roasted peanut flavor [14,33-36]. 

 

3.2. GC-MS analysis 

The GC-MS analysis detected and identified a total of 38 volatile compounds that were 

resolved. The compounds were subsequently categorized into ten groups (Table 5.5). Among the 

ten groups, pyrazines and furan derivatives were the two major groups in all the six samples, 

accounting for approximately 42% and 20% of total volatiles that were resolved in this study, 
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respectively. Among the pyrazines, 2,5-dimethyl pyrazine was more dominant while 2,3-

dihydro-benzofuran was the primary furan derivative in all the samples. Significant differences 

in the concentration of volatile compounds, in all the ten groups, were found (p < 0.05). 

Considering the model coefficients for each sample, as shown in Table 5.5, Baka had more 

alkanes, benzene derivatives, and pyrazines. Chalimbana had more aldehydes, furan derivatives, 

pyridines, and pyrroles while CG7 had more alcohols only. Kakoma had more alcohols, 

aldehydes, alkanes, ketones, and pyridines while Nsinjiro had more furan derivatives and 

pyrazines. Ironically, terpenes (D-Limonene) were found in Chitala only.  

The aldehydes, ketones, alkanes, benzenes, furans, pyrazines, pyridines, pyrroles, and 

terpenes identified in this study have also been reported in several other studies [14,28,33-36]. 

The identified compounds are mostly generated in peanuts through Maillard reaction, 

caramelization, Strecker degradation, and lipid oxidation [14]. Among the identified compounds, 

pyrazines and lipid oxidation products (aldehydes, ketone, alkanes, and alcohols) have received 

much attention [12,14,33]. In general, lipid oxidation products have been identified as the source 

of the undesirable off-flavors in peanuts [14,28]. On the other hand, pyrazines have been 

associated with the desirable roasted peanut flavor [14,32,34,36]. All the peanut varieties that 

had higher scores on roasted peanutty flavor in this study (Baka and Nsinjiro) also had higher 

intensities of pyrazines compared to the other peanut varieties. 
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3.3. Correlations between GC-MS and sensory profiles 

Multiple factor analysis (MFA) revealed the relationship between sensory attributes and 

volatile compounds of the samples (Figure 5.1). The actual correlation values are given in Table 

5.6. The 2,5-dimethyl pyrazine and 2-ethyl-3,5-dimethyl pyrazine were close to roasted peanutty 

flavor, burnt flavor, and bitter taste. Nsinjiro and Baka were highly correlated with these roasted 

peanuts attributes. Sweet taste had a significant correlation with 1-ethyl-1H-pyrrole (r = 0.814). 

However, the 1-ethyl-1H-pyrrole may not be responsible for the sweet taste. Chalimbana and 

CG7 were on the opposite side of roasted peanutty flavor, and were close to the sweet taste, 

raw/beany flavor, and oily flavor. Aldehydes, alcohols, and ketones were close to overall 

oxidized and cardboard aromatics, and these were also on the opposite side of roasted peanutty 

flavor. Chitala and Kakoma were in this region of the MFA map. 

Despite the peanut samples having similar surface color readings (L = 50 ± 1) as a result 

of different roasting times, Baka and Nsinjiro were the only samples with higher intensity of 

roasted peanutty flavor and other roasted peanuts related attributes. Therefore, it is not surprising 

that Baka and Nsinjiro had more pyrazines than the other samples. Pyrazines, especially 2,5-

dimethyl pyrazine, were highly associated with roasted peanutty flavor [25,34]. However, the 

pyrazines are not solely responsible for the roasted peanutty flavor [14,37]. In this study, 2-ethyl-

3,5-dimethyl pyrazine was also strongly correlated with roasted peanutty flavor (r = 0.927) just 

like 2,5 dimethyl pyrazine (r = 0.916). Baker et al. [34] suggested that when choosing a single 

pyrazine in correlation to flavor, 2,5-dimethyl pyrazine is an excellent sensory prediction 

compound for peanut products roasted above 150 oC. However, based on this study, 2-ethyl-3,5-

dimethyl pyrazine could be a good predictor of roasted peanutty flavor too. 
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The 2-ethyl-3,5-dimethyl pyrazine has a nutty roasted odor of coffee and coffee products 

while the 2,5-dimethyl pyrazine has nutty cocoa like odor [38]. Schirack et al. [12] also 

identified 2-ethyl-3,5-dimethyl pyrazine as one of the high impact aroma active compounds in 

peanuts when aroma extract dilution analysis (AEDA) was used. Therefore, apart from the 2,5-

dimethyl pyrazine, determination of 2-ethyl-3,5-dimethyl pyrazine could be useful for food 

processors who have no access to sensory panels when identifying suitable raw materials for 

various applications. Industries mostly rely on instrument-based methods, such as measurement 

of surface color, to determine the degree of roasting in peanuts and then, to predict roasted 

peanut flavor intensity and consumer acceptability. Unfortunately, this study and other studies 

have shown that surface color measurement may not be a good predictor of roasted peanut flavor 

[24,32,34].  

Roasted peanutty flavor is one of the significant factors that influence consumer 

acceptability especially for snacks like roasted peanuts [25,30]. Therefore, the roasted peanutty 

flavor could also be an important attribute for peanut-based confectionaries and beverages. 

Based on this study, Nsinjiro and Baka could be the best peanut varieties, in Malawi, for 

applications requiring a strong roasted peanutty flavor. On the other hand, Chitala, Kakoma, 

CG7, and Chalimbana could be the best varieties for applications that require a weak roasted 

peanutty flavor. However, if both a weak roasted peanutty flavor and a strong oily flavor are 

required, then CG7 and Chalimbana could be the best varieties for such applications. 

 

4. Conclusion 

Among the evaluated samples, Baka and Nsinjiro are the peanut varieties with higher 

intensities of the roasted peanut attributes. However, further studies should be done to determine 
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and optimize the degree of roasting of the other samples that would give comparable sensory 

properties to those of Baka and Nsinjiro. The optimization studies will be valuable to food 

processors in preventing over-dependence on specific peanut varieties in various applications. 

Therefore, such studies would help in reducing direct and hidden costs associated with restrictive 

raw material procurement as well as food waste. Beside 2,5 dimethyl pyrazine, 2-ethyl-3,5-

dimethyl pyrazine was also found to be highly associated with roasted peanutty flavor. 

Therefore, identification of precursors of 2-ethyl-3,5-dimethyl pyrazine could provide more 

insights into the origins of roasted peanut flavor.  
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CHAPTER 6 

OPTIMIZATION OF EMULSIFIER AND STABILIZER CONCENTRATIONS IN A MODEL 

PEANUT-BASED BEVERAGE SYSTEM: A MIXTURE DESIGN APPROACH1 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
1 Gama, A.P., Hung, Y.C. and K. Adhikari. 2019. Foods. 8: 116. 

Reprinted here with permission of the publisher. 
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Abstract 

Colloidal stability, physicochemical, and rheological properties are among the critical 

determinants of sensory quality of beverages. The present study investigated the effects of 

lecithin, xanthan gum, propylene glycol alginate and their combinations on the colloidal stability, 

physicochemical, and rheological properties of a model peanut-based beverage. A simplex 

centroid mixture design was applied, and the visual stability, centrifuge stability, 

physicochemical properties (soluble solids, pH, water activity, color), and rheological parameters 

(flow behavior and viscosity) of the samples were determined. All the evaluated parameters were 

significantly affected (p < 0.05) by the type and quantity of emulsifier or stabilizer used. At 0.5% 

total usage level, the optimum stabilizer and emulsifier combination was that of 66% xanthan 

gum and 34% lecithin. A further increase of lecithin in the mixture caused a decrease in the 

colloidal stability of the sample. Irrespective of emulsifier and stabilizer type and quantity, all 

samples exhibited shear-thinning flow behavior with samples containing xanthan gum being 

more pseudoplastic than the others. The prediction model for visual stability index, found in this 

study, may be used by the industry to formulate similar beverages for better colloidal stability. 
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1. Introduction 

Worldwide, the demand for health-promoting foods is growing due to an increase in 

the burden of non-communicable diseases and more consumer awareness in matters of diet 

and health [1]. Among such health-promoting foods are plant-based food products especially 

from legumes like soy and peanuts. Over the past years, there has been more interest in 

legume-based beverages to replace or supplement cow milk consumption. For instance, 

several attempts have been made to develop peanut-based beverages [2-8]. As a result of such 

attempts, notable continual improvements in the physicochemical, nutritional and sensory 

characteristics of the resultant peanut-based beverages have been achieved. However, there 

are still challenges especially with sensory properties and colloidal stability of the peanut-

based beverages.  

Depending on the ingredients, peanut-based beverages can be complex colloidal 

systems which in turn affect the sensory and rheological properties. In general, food products 

are mostly systems of mixed components (heterogeneous) and therefore, often involve 

colloidal systems such as foams, emulsions, and suspensions among others [9]. The stability 

of such colloidal systems is vital for the maintenance of desired quality and rheological 

characteristics of the food products [10-12]. A colloidal system is said to be stable if it shows 

little or no aggregation of particles and phase separation within a defined period. 

Unfortunately, food colloids are at a higher free energy level and therefore, they are 

thermodynamically unstable with a tendency to aggregate and separate [13].There are 

different modes of colloidal instability, and these include creaming and sedimentation due to 
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the influence of gravity, aggregation due to attractive interparticle forces leading to either 

flocculation or coagulation, and coalescence if the interfacial film ruptures. A further mode of 

instability is Ostwald ripening or disproportionation due to differences in chemical potential 

of molecules in droplets or bubbles and those in the bulk phase [10,13]. 

Given the above, efforts have been made to prevent colloidal instability in food 

products through the use of emulsifiers and stabilizers. An emulsifier is an amphiphilic 

surface active chemical compound that facilitates the making of an emulsion and promotes 

short-term stability by rapidly adsorbing at the new interface created during emulsification 

[9]. Therefore, emulsifiers reduce interfacial tension and prevent immediate re-coalescence of 

the newly formed particles or droplets. On the other hand, a stabilizer confers long-term 

stability of the emulsion, once it is formed, through either adsorption or non-adsorption 

mechanism [10]. Little is known about the emulsifiers or stabilizers that would be effective in 

stabilizing peanut-based beverages especially those using whole peanuts and not defatted 

peanut flour. Most emulsion stabilization systems in plant-based beverages involve the use of 

lecithin (emulsifier), propylene glycol alginate (both emulsifier and stabilizer), and xanthan 

gum (stabilizer) [14,15].. Therefore, the present study was undertaken to evaluate the effect 

of the lecithin, propylene glycol alginate, and xanthan gum, and their interactions on the 

colloidal stability, physicochemical and rheological properties of a model non-defatted 

peanut-based beverage. The emulsifier, stabilizer, or their combination that would be 

optimum in preventing colloidal instability of the product was also determined. The study 

could be beneficial to food product developers considering that determination of the optimum 



 

107 

stabilizer, emulsifier, or stabilizer and emulsifier combination in a product provides economic 

benefits by decreasing the stabilizer and emulsifier concentrations in the formulation as 

suggested by Dogan et al. [16]. Furthermore, the colloidal stability, physicochemical, and 

rheological properties partly determine sensory properties of food products and therefore, are 

determinants of consumer acceptability. 

 

2. Materials and Methods  

2.1. Preparation of the model peanut-based beverages 

Peanut paste, dry non-fat milk powder, sugar, salt, propylene glycol alginate (PGA), 

xanthan gum (XG) and lecithin were used to prepare the model peanut-based beverages. 

Lecithin is an emulsifier, PGA is an adsorption stabilizer, and XG is a non-adsorption 

stabilizer. Peanut paste was prepared by passing blanched medium roasted (lightness, L=50 ± 

1) Virginia peanuts (ICGV-SM 90704 variety, 45% oil content) through a colloidal mill 

(Model M-MS-3, Morehouse Industries, Los Angeles, CA, USA) two times. The peanuts 

were roasted at 162.8 °C (325 F) for 25 minutes using a convection oven (KitchenAid 

Superba, KEBS208) and then, blanched using an Ashton peanut blancher (Model EX, Ashton 

Food Machinery Co., Newark, NJ, USA). The peanuts were obtained from ICRISAT Malawi 

while the dry non-fat milk powder, sugar, and salt were obtained from Walmart Inc. 

(Bentonville, AR, USA). PGA and XG were obtained from TIC Gums (Belcamp, MD, USA 

while lecithin was obtained from NOW® (Bloomingdale, IL, USA).  

The model peanut-based beverage had 72.48% water, 15% roasted peanut paste, 7% 

sugar, 5% dry non-fat milk powder, 0.5% stabilizer, emulsifier or their combination, and 

0.02% salt. The concentration of oil and protein in each sample were 6.75 and 5%, 
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respectively. Eight samples, including a control, (S00, S01, S02, S03, S04, S05, S06, and 

S07) were prepared in duplicate. The respective ingredients were first mixed for 60 s in a 

blender and homogenized at 28,000 rpm for 60 s using an OMNI GLH-01 homogenizer 

(OMNI International, Kennesaw, GA, USA) before heating at 85 °C for 5 min on a hot plate. 

The heating was done under closed conditions while stirring with a magnetic stirrer to 

prevent evaporation loss and fouling. The beverages were cooled to 25 °C in a water bath, 

and all analyses were done with the samples at this temperature. 

 

2.2. Determination of stability indices 

Visual stability and centrifuge stability of the samples were evaluated. For visual 

stability, 100 mL samples were put in graduated cylinders for 24 hours at 25 °C. The samples 

were then visually observed for separation, under gravitational force, into layers as done by 

Hinds, Beuchat and Chinnan [5]. When a line of demarcation was observed, the ratio of the 

height of the top layer to a total height of beverage was determined and used to calculate 

visual stability index (VSI) through equation 1. If no separation was observed, the visual 

stability index had a value of 1. A similar formula was used to calculate the centrifuge 

stability index (CSI) except that separation of 40 mL samples, in 50 mL corning tubes was by 

centrifugal force of 3234 x g (Centrifuge model 5804, Eppendorf AG, Hamburg, Germany). 

Readings were taken at seven different centrifugation durations (0, 1, 2, 3, 4, 5, and 6 min). 

 

VSI or CSI = 1       (1) 
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2.3. Measurement of viscosity and flow behavior 

Viscosity of 200-ml samples, at 25 °C, was measured using a programmable 

Brookfield digital viscometer (Model LV DV-II, Version 5.0, Brookfield Engineering 

Laboratories, Inc., Stoughton, MA) fitted with an LV spindle No. 2. A 250-mL low form 

Pyrex beaker was used as a sample holder, as recommended by the LV DV-II viscometer 

operation manual. Viscosity readings were taken at six different spindle speeds (10, 20, 30, 

40, 50, and 60 rpm). Readings, at each spindle speed, were taken at three minutes of running 

the samples on the viscometer. Flow behavior was deduced graphically and by calculating the 

viscosity ratio as recommended in the Brookfield labs Inc. guide [17]. The viscosity ratio was 

viscosity reading at 10 rpm to that at 60 rpm spindle speed. Readings at 60 rpm were reported 

as viscosities of the samples because, under the test conditions, the 60 rpm was equivalent to 

a shear rate of 50 s-1 [17]. The 50 s-1 is considered as the shear rate in the mouth [18,19]. 

 

2.4. Measurement of color, pH, water activity, and soluble solids 

The color of the samples was measured using a calibrated benchtop ColorFlex 

Spectrophotometer (HunterLab, Reston, Va.) with a D65 light source at a 45o viewing angle. 

Measurements for L (lightness), a (redness), and b (yellowness) were taken. The total soluble 

solids (°Brix), pH, and water activity (aw) of the samples were determined using a digital 

refractometer (ATAGO, PR-101, Atago USA, Inc, Bellevue, WA, USA), a pH meter 

(Accumet AE 150, Accumet Engineering, Inc., Westford, MA, USA), and a water activity 

meter (AQUALAB, Series 3, v2.3, METER, Pullman, WA, USA), respectively. All the 

measurements were done in triplicate. 
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2.5. Experimental design and statistical analysis 

A simplex centroid mixture design was used in this study. The design was generated 

using JMP package software (Version 5.0.1a, SAS Institute, Inc., Cary, NC, USA) and is 

given in Table 6.1. Equation 2 was fitted to predict VSI using the data obtained from the 

experiment. β1, β2, β3, β12, β13, and β23 are the coefficients for each term and X1, X2, and X3 are 

proportions of lecithin, propylene glycol alginate, and xanthan gum, respectively. A three-

way interaction (X1X2X3) and two-way interaction (X2X3) terms were not included in the 

model because their respective effects was not significant (p > 0.05). 

 

    (2) 

 

Table 6.1. Simplex centroid mixture design for the emulsifier and stabilizers. 
 
Sample codes 

 Gum and Emulsifier Proportions (%) 
 Lecithin (X1) PGA (X2) XG (X3) 

S00 (Control)  0 0 0 
S01  100 0 0 
S02  0 100 0 
S03  0 0 100 
S04  50 50 0 
S05  50 0 50 
S06  0 50 50 
S07  33.3 33.4 33.3 

 

The prediction equations were obtained using JMP Pro (Version 13.0, SAS Institute, 

Inc., U.S.A.) for each response. Response surface plots were generated using Design-Expert 

software (Version 11.0, Stat-Eas Inc., Minneapolis, MN, USA). XLSTAT 2017 (ver. 19.01; 

Addinsoft, New York, USA) was used to run a one-way analysis of variance (ANOVA) 

followed by Tukey’s honest significant difference test (HSD) to determine significant 
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differences among the samples. Pearson’s correlation test was used to identify properties that 

had a significant association with VSI.  

 

3. Results and Discussion 

3.1. Effect on physicochemical properties 

The physicochemical properties of the samples are given in Table 6.2. The °Brix 

values of the samples varied between 13.7 and 15.8 °Brix. There were no statistically 

significant differences in the °Brix values of samples S02 and S03 compared to the control 

(S00). However, the °Brix values of samples S01, S04, S05, S06, and S07 were significantly 

higher than the control (p < 0.05). The pH values of the samples ranged from 6.11 to 6.26, 

and all samples had significantly lower pH values compared to the control. All samples had 

similar aw readings (0.99) to that of the control except sample S03 which had a significantly 

lower aw (p < 0.05). However, all the samples had aw readings above 0.95. Therefore, all the 

samples could be classified as having high water activity. Unlike the control and S02, which 

had similar lightness (L) values, the rest of the samples had significantly higher L values with 

sample S06 being the lightest. Significant differences (p < 0.05) were also found in the 

yellowness (b) intensities of the samples with sample S06 having the highest yellowness 

intensity (18.52). However, all the samples had statistically similar intensities of redness (a) 

as the control. The observed effect of the emulsifiers and different stabilizers on the 

physicochemical properties was not peculiar. Other studies have also reported similar 

changes in °Brix, pH, aw and color of beverages and other aqueous systems [16,20-22]. The 

molecular structure of the stabilizers or emulsifier, their water absorption capacity, their 

interactions with each other and with the other ingredients in the beverage may have resulted 

in the observed effects on the physicochemical properties [16,21,23,24]. 
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3.2. Effect on flow properties  

All the evaluated samples exhibited shear thinning flow behavior (Figure 6.1). 

However, deducing from the viscosity ratios (Table 6.2), the degree of shear-thinning of the 

samples was significantly different (p < 0.05). The viscosity ratios ranged from 1.38 to 4.10. 

All samples containing XG (S03, S05, S06, and S07) had relatively higher viscosity ratios 

than the other samples. The high viscosity ratios signified a high degree of shear-thinning. 

Other studies investigating the effect of gums on the rheology of beverages have also found 

shear-thinning flow behavior when XG is used [16,18,25]. High molecular weight and unique 

rigid rod-like conformation might contribute to the higher shear-thinning behavior of 

beverages thickened with XG-based thickeners [26,27]. In the present study, the degree of 

shear-thinning (pseudoplasticity) of the samples containing XG decreased with the addition 

of PGA. Other studies have found that unlike XG, PGA displays a low degree of shear-

thinning in solution and promotes creaminess (sensation typical of fat-containing foods) 

without significant rheological changes [28]. Yilmazer et al. [29] reported that when XG was 

partially replaced by PGA, emulsions were more fluid-like and exhibited reduced viscosity. 

The relatively lower viscosities and viscosity ratios of samples containing PGA, in the 

present study, is therefore consistent with the findings of the other studies [28,29]. For the 

general population, a high degree of the shear-thinning flow behavior of the samples 

containing XG is a desirable property because it makes swallowing easier [30]. However, for 

consumers who might have disorders like dysphagia (a condition where swallowing is 

difficult), thicker but less shear-thinning products are desirable to avoid choking [25]. 
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3.3. Effect on viscosity and colloidal stability  

The viscosity and VSI of the samples ranged from 5.23 to 65.70 mPa-s and 0.82 to 

1.00, respectively (Table 6.2). All sample containing XG (S03, S05, S06, and S07) had 

relatively higher viscosity and were the most stable (VSI =1). Therefore, it is not surprising 

that viscosity had a significant positive association with VSI (r = 0.74, p = 0.036). The 

significant positive association of VSI with viscosity confirms the mechanism through which 

non-adsorbing biopolymers (polysaccharides) stabilize food systems. The rates of creaming 

or sedimentation, Brownian motion, and particle collisions, respectively, are inversely related 

to the viscosity of the bulk phase [10,31]. However, the increase in viscosity of the bulk 

phase, by adding more thickener, does not always have a stabilizing effect. At some specific 

high biopolymer concentrations, depletion flocculation can be induced. It has been reported 

that when the separation distance between surfaces of colloidal particles, dispersed in a 

polymer solution, closely approaches the ‘diameter’ of the polymer molecules, the polymer 

chains are excluded from the gap between the particle surfaces [31]. The exclusion happens 

because the number of possible configurations that the polymer molecule, within the gap, can 

take is reduced resulting in a reduction in entropy. The reduction in entropy is against the 

second law of thermodynamics and therefore, a system will always strive to maximize its 

entropy [13]. After the polymer molecules have been depleted from the gap, there is 

relatively a higher polymer concentration in the bulk solution causing an osmotic pressure 

imbalance. The solvent then diffuses from the gap into the bulk solution thus drawing the 

particles much more closely to each other, which is technically called depletion flocculation 

[10,13]. Therefore, any attempts to keep on increasing the total gum concentration, in the 

peanut-based beverage samples, should be done with caution. 

Considering the nature of the evaluated samples, spoilage made it practically 

impossible to observe the samples, under room temperature conditions, for more than a day. 
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Therefore, to further accelerate the separation process, a centrifugal force was applied, and a 

similar separation trend like that observed under gravitational force was also found. Samples 

containing XG (S03, S05, and S06) remained stable even after six minutes of centrifugation 

(Figure 6.2). 

 

 
Figure 6.2. Separation behavior of the peanut-based beverages under centrifugal force of 
3234 x g 

 

Sedimentation was the mode of colloidal instability in this study. All previous 

attempts to develop peanut-based beverages used defatted peanuts probably to avoid 

creaming and coalescence among other reasons [2-8]. In the present study, non-defatted 

peanuts were used but, creaming was not observed in the samples including the control. The 

absence of creaming, even in the control sample, suggests that the homogenization efficiency 

was good and that there are other inherent emulsifiers in the beverage system. Considering 

the ingredients that were used, the likely emulsifiers may have been proteins like β-casein in 

milk. β-casein is a high molecular weight emulsifier but also a good stabilizer through its 
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electrostatic and steric stabilization mechanisms [32,33]. The charge of β-casein gives the 

electrostatic repulsion while the protruding chains of the adsorbed β-casein provide the steric 

stability of emulsified fat particles [9,13].  

 

3.4. Optimization and prediction model 

Table 6.3 shows summary statistics of the prediction model for VSI. All model 

assumptions were satisfied. The model explained 99.5% (Adj. R2 = 0.985) of the variation in 

VSI of the samples and was the best fit since the RSME (0.0043) was less than 0.05. 

Therefore, maintaining all the other factors constant, the model may be used to predict VSI, 

based on the different stabilizer and emulsifier combinations. As previously discussed, the 

parameter estimates (coefficients) values of the model terms also confirm that XG had a 

greater positive effect on VSI likely as a result of the significant increase in viscosity of the 

samples.  

 
Table 6.3. Effect of emulsifier and stabilizers on the visual stability index (VSI) of the 
peanut-based beverages. 

Term Estimate 95% CI 2 P VIF 
X1 (Lecithin) 0.82 0.81-0.84 6086.72 < 0.0001 0.9913 
X2 (PGA) 0.98 0.97-1.00 8678.29 < 0.0001 0.8295 
X3 (XG) 1.00 0.99-1.02 9017.56 < 0.0001 0.8295 
X1 * X2  0.30 0.23-0.37 38.53 < 0.0001 20.9249 
X1 * X3 0.34 0.27-0.41 48.86 < 0.0001 20.9249 
 Model Fit Statistics 
R2  0.9950 
Adjusted R2  0.9849 
RMSE  0.0043 

CI = Confidence interval; P = Probability; VIF = Variance inflation factor; RMSE = Square 
root of the variance of the residuals 
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Figure 6.3. Optimal prediction profiles of the effect of the different emulsifier and stabilizers 
on the various properties of the model peanut-based beverage.
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Although viscosity had a significant positive correlation with VSI, a viscosity of above 65 

mPa-s would make the product too thick and therefore, not very ideal for a beverage. Therefore, 

considering both VSI and viscosity, a combination of lecithin (0.34) and xanthan gum (0.66) was 

optimal (Figure 6.3). The prediction model for VSI is also consistent with this finding (Table 

6.3). Although lecithin on its own had a negative effect on VSI (Figure 6.4a) and CSI (Figure 

6.4b), it moderated the effect of XG, and their combination had a positive effect on the colloidal 

stability of the samples. 

 

4. Conclusions 

The colloidal stability, physicochemical, and rheological properties of the peanut-based 

beverages were affected by the amount and type of the stabilizer or emulsifier used. In this study, 

a mixture design was applied to obtain the optimum stabilizer and emulsifier combination for the 

peanut-based beverage. The optimum stabilizer and emulsifier combination was that of 66% 

xanthan gum and 34% lecithin at 0.5% usage level by weight of the beverage. The use of the 

lecithin alone resulted in a decrease in viscosity, VSI, and CSI of the samples. The prediction 

model found in this study may be used in industry to achieve colloidal stability of similar 

beverages. However, further studies should be done to determine the sensory characteristics and 

consumer acceptability of the stabilized peanut-based beverages.  
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Abstract 

In the current study, mixture design and product matching approaches were used to 

optimize peanut-based beverages. Optimization focused on maximizing overall consumer 

acceptability by varying two independent variables, peanut paste (PP) and malted milk powder 

(MMP), that constituted 16% of the beverage by weight. Two types of MMP, barley malted milk 

powder (BMMP) and sorghum malted milk powder (SMMP), were used. The optimal 

combination of the PP and any type of MMP, in the two-component mixture, were 60% and 

40%, respectively. Maintaining all other factors constant, model validation results showed that 

the model can predict overall liking of the peanut-based beverages with 96% accuracy when the 

proportions of PP and MMP are known. The samples that were perceived to be thick, creamy, 

and smooth had a significantly higher (p < 0.05) overall liking scores while those that were 

perceived to be watery, grainy, and whitish in color had lower overall liking scores. The study 

has confirmed that consumer perceptions towards the product attributes have a direct impact on 

overall liking. Therefore, utilizing consumer feedback during the development process can 

potentially increase overall liking scores of the resultant products. 
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1. Introduction 

Malnutrition and non-communicable diseases such as cancer and cardiovascular diseases 

remain a global challenge [1]. To address this challenge, governments worldwide have devised 

strategies to promote health by nudging people to consume more nutritious foods and maintain a 

healthy lifestyle. Currently, the world health organization (WHO) is working with united nations 

(UN) member States and other partners to find effective nutrition interventions and healthy diets 

from sustainable and resilient food systems [2]. Among the sustainable, resilient, and nutritious 

food sources are legumes like peanuts [3]. Peanuts are among the most important legumes in the 

world for being a relatively cheap source of good fat (mostly mono and polyunsaturated fatty 

acids), highly digestible proteins, vitamins, minerals, and other bioactive compounds [4]. 

Unfortunately, food choices are not influenced by anticipated health benefits only but also the 

sensory appeal of food, among others [5-8]. For instance, a study in Canada found that when 

chocolate flavored milk was not an option, many children were not drinking milk despite being 

nutritious [9]. Therefore, consumer acceptability is critical because nutritious foods that no one 

will be willing to consume have insignificant health-related benefits.  

Development of food products with acceptable sensory properties help in promoting 

consumption. For instance, development of peanut butter significantly improved consumption of 

peanuts in the U.S., which currently accounts for about half of the edible form of peanuts in the 

country [10]. To develop acceptable products, consumer needs and wants must be incorporated 

into the product design [11]. Prospects of success are high if a product satisfies those needs and 

wants [12]. Therefore, peanut-based beverages were developed and optimized based on 

consumers’ preferences in this study.  
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Compared to solid and semi-solid peanut products like peanut butter, peanut-based 

beverages have a higher potential of promoting peanut consumption since they are convenient, 

easy to digest, appeal to all age groups, can be delivered in multiple flavor options, and are ready 

to drink without need of a carrier. Therefore, it is not surprising that studies aimed at developing 

peanut-based beverages have been on-going for many years [13-19]. However, there are still 

challenges especially with the sensory properties and ultimately, the consumer acceptability of 

the peanut-based beverages. Hence, such products are rarely found on the market, even in 

developed countries. Unlike the previous studies where defatted peanut flour [18,19,17] or 

peanut protein isolates [14,16] were used, the present study utilized non-defatted peanut paste 

and sorghum or barley malted milk powders into the formulation to maximize both the sensory 

and nutritional properties. To the best knowledge of the authors, this is the first time such a 

formulation has been developed and tested. 

 

2. Materials and methods 

2.1. Sample preparation 

 Water, peanut paste (PP), sugar, salt, malted milk powder (MMP), and xanthan gum, 

were used in preparing the beverage samples. Sugar and salt were obtained from Chipiku Plus 

Stores in Lilongwe, Malawi. The stabilizer was donated by TIC Gums (Belcamp, MD, USA). 

Virginia type peanuts (ICGV-SM 90704) were obtained from ICRISAT, Malawi and used to 

make the PP. The peanuts were medium roasted (Lightness, L = 50 ± 1), manually blanched, 

sorted, and then milled into a fine paste using a colloidal mill (Hebei Iron-Lion milling 

machinery Co. Ltd, China). Two types of MMP were used depending on the formulation 

specifications. The first type (BMMP) was a mixture of malted barley powder with non-fat dry 
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milk powder while the other one (SMMP) had malted sorghum powder instead of the malted 

barley powder. The ingredients were mixed using a blender and then, homogenized at 28,000 

rpm for one minute using an OMNI GLH-01 homogenizer (OMNI International, Kennesaw, GA, 

USA). The beverage mix was pasteurized at 85 oC for 5 minutes in a steam jacketed pot, hot 

filled in bottles, and immediately cooled in an ice bath. The samples were kept at 4 oC until 

subsequent evaluations.  

 

2.2. Study design 

2.2.1. Step I: Product optimization 

Based on preliminary beverage preparation trials and literature review [13-19], levels of 

sugar, stabilizer, salt, and water were pre-determined and fixed (actual proportions have not been 

disclosed because of patent prospects). To determine the levels of PP and BMMP, a non-

constrained two-component mixture design was used. The total concentration of the two 

components was fixed at 16% of the beverage by weight. Design combinations were generated 

using Design-Expert software (Version 11.0, Stat-Eas Inc., Minneapolis, MN, USA).  

 

2.2.2. Step II: Prediction model validation 

The optimal and two other sub-optimal formulations were used to validate the overall 

liking prediction model generated in step I. The experimentally determined overall liking scores 

for the samples were statistically compared with their respective predicted values from the 

mathematical model found in step I. 
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2.2.3. Step III: Product matching 

 Four formulations containing SMMP were prepared and compared with the optimal 

BMMP formulation validated in step II (Target). The change of malted milk type from BMMP to 

SMMP was necessitated by the low cost and extensive use of sorghum in Sub-Saharan Africa as 

opposed to barley [20]. Two types of SMMP were used and they are herein referred to as 

SMMP-1 (Malted sorghum powder: Non-fat dry milk powder = 1:20) and SMMP-2 (Malted 

sorghum powder: Non-fat dry milk powder = 1:30).  

 

2.3. Product evaluations 

Consumer acceptability evaluations of the products were done at a central location by 

Malawian consumers aged 18 and above and without any known food allergies or intolerances 

(Appendix C). For each step, the products were evaluated by different panels, each comprising 

40 consumers. Apart from hedonic responses in all the three steps, consumer perceptions towards 

key attribute intensities were identified using a 5-point Just-About-Right (JAR) scale [21] in step 

I (Appendix D), and samples were characterized through a Check-All-That-Apply (CATA) 

question in step III (Appendix E). CATA question consists of a list of terms that a respondent 

selects, if they consider it appropriate, to describe a product [22]. Consumers, at each step, 

independently evaluated all the available samples. Pictures of the testing environment are given 

in Appendix F. Coded samples at 7 oC (̴ 30 mL) were presented monadically following a 

completely randomized balanced block design. Protocols for the sensory tests were approved by 

the University of Georgia’s Institutional Review Board (IRB Approval Number: 

STUDY00004112). 
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2.4. Statistical analysis 

For step I, regression analysis was used to analyze the data, and the following polynomial 

equation was fitted: 

 

 

 

Y is the predicted response (overall liking); β1, β2, and β12 are the coefficients for each term while 

X1 and X2 are the coded proportions of PP and BMMP, respectively. The predicted equation for 

the response variable and the surface plot were generated using Design-Expert software (Version 

11.0, Stat-Eas Inc., Minneapolis, MN, USA). Optimization of the independent variable levels 

was achieved by desirability maximization [23] of the response factor using a numerical 

optimization procedure of the Design-Expert software. To identify the product attributes that had 

either a positive or negative impact on the overall liking scores, penalty analyses were done 

using the JAR responses and overall likings scores.  

For step II, experimentally determined mean overall liking scores were compared with 

the mathematically predicted (theoretical) value using a two-tailed one-sample t-test. Model 

validity was deduced from the calculated coefficients of variation, relative errors and the 

coefficient of determination (R2) between the predicted and actual values.  

For step III, differences in mean hedonic scores were assessed by one-way analysis of 

variance (ANOVA). Tukey’s honest significant difference test (HSD) was used for means 

separation. CATA data were analyzed using Cochran's Q test followed by McNemar 

(Bonferroni) method for pairwise comparisons [22]. Mean impact analysis was done to assess the 

effect of the CATA responses on overall liking mean scores of the samples. Except for the 
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product optimization, all the statistical analyses were done using XLSTAT 2017 (ver 19.04; 

Addinsoft, NY, USA). 

 

3. Results and discussion 

3.1. Product optimization and model validation 

As the PP proportion in the mixture was increasing, the overall liking score was also 

increasing until the inflection point when the score started to drop (Figure 7.1a). The mean 

overall liking scores for the samples ranged from 5.55 to 7.45. Generally, samples that had only 

PP or BMMP in the mixture were the least liked while the sample that had equal proportions of 

PP and BMMP was the most liked. As shown in Figure 7.2, most consumers rated the sample 

with equal proportions of PP and BMMP as having the right levels of brownness (68%), 

sweetness (71%), thickness (71%), roasted peanut aroma (76%), saltiness (79%), and roasted 

peanut flavor (84%). Just as shown in Figure 7.2, penalty analysis results also showed that the 

sample that had no PP was penalized for not having enough roasted peanut aroma, roasted peanut 

flavor, thickness, and brownness. On the other hand, the sample that had just PP in the mixture 

was penalized for having less sweetness and too much roasted peanut aroma, roasted peanut 

flavor, thickness, brownness, and saltiness. 
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Figure 7.1 a) Plot showing the effect of levels of the independent variables (peanut paste and 
barley malted milk powder) on overall liking score of the peanut beverage; b) Graphical 
representation of the optimized levels of the independent variables. 
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Among all the possible models for the response factor, only a quadratic model was 

significant (Table 7.1). The quadratic model explained 97.7% (Adj. R2 = 0.955) of the variation 

in the overall liking scores of the samples. The quadratic response trend is evident in Figure 7.1a. 

After fitting the quadratic model, the prediction equation for the response factor was as follows:  

 

 
Table 7.1. Model summary statistics. 

Source Sum of Squares df Mean Square F-value p-value 

Mean vs. Total 222.68 1 222.68 - - 

Linear vs. Mean 0.0276 1 0.0276 0.0245 0.8855 

Quadratic vs. Linear 3.29 1 3.29 85.80 0.0115* 

Cubic vs. Quadratic 0.0017 1 0.0017 0.0225 0.9052 

Quartic vs. Cubic 0.0750 1 0.0750 - - 

Residual 0.0000 0 - - 

Total 226.08 5 45.22 - - 

*Indicates a significant difference at 5% significance level. 

 

The optimal proportions of the PP (A) and the BMMP (B), in the two-component 

mixture, were 0.6 and 0.4, respectively (Figure 7.1b). Results of model validation study showed 

no significant difference (p > 0.05) between the predicted and actual overall liking scores (Table 

7.2). Therefore, it is not surprising that there was very small variation between the experimental 

and predicted values with none of the coefficients of variation exceeding 5% (Table 7.2). As 

anticipated, the optimal formulation had a higher overall liking score (7.53) than the other sub-

optimal formulations. The model predicted the actual overall liking scores with 96% accuracy 

(R2 = 0.96). Therefore, the mathematical model can be used to predict overall liking of various 

formulations of the peanut-based beverages based on PP and BMMP mixture composition. 
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Table 7.2. Predicted and experimental values for overall liking of the model validation 
formulations. 

 Mixture 
composition 

 
Overall liking Score Relative 

error (%) Product  PP BMMP  Predicted Actual1 p-Value CV (%) 
Optimal  0.60 0.40  7.59 7.53 0.617 0.56 0.80 
S1-1  0.15 0.85  6.62 6.45 0.406 1.29 1.85 
S1-2  0.70 0.30  7.38 7.28 0.468 0.96 1.37 

1Mean value based on responses of 40 consumers; CV = Coefficient of variation; PP = Peanut 
paste; BMMP = Barley malted milk powder. 

 

In a mixture design, the response is assumed to depend only on the relative proportions of 

the ingredients present in the mixture. The total amount is held constant, and the value of the 

response changes when the proportions of the ingredients making up the mixture changes [24]. 

Therefore, unlike in factorial designs, the change in the response is a function of the joint 

blending property of the ingredients in the mixture. For instance, consumers in this study 

perceived different intensities of sweetness among the samples although all the samples had the 

same sugar concentration. This blending property of ingredients in the mixture also affected 

other attributes resulting in either a positive or negative effect on the overall liking scores.  

The quadratic trend in the overall liking of the beverage as the peanut paste proportion in 

the mixture was increasing displays a typical consumer response pattern. Even for generally 

acceptable attributes like sweetness, consumer acceptability does not follow a linear trend. 

Beyond a certain optimal level, the sweetness is considered to be appalling, and the degree of 

liking starts to drop. A similar pattern has been observed in this study where samples were not 

liked for either having too much or too little of an attribute. Having more peanut paste in the 

beverage would likely guarantee more of the health benefits related to peanut consumption. 

However, the study has shown and confirmed through the model validation that going beyond a 

peanut paste proportion of 0.6, in the two-component mixture, would compromise consumer 
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acceptability of the beverage. Ultimately, if no-one will consume the product, the nutrients will 

be of no benefit.  

Although health is one of the food choice motives, it is usually overpowered by sensory 

appeal. Food is not just eaten for its nutritional value. More often, eating is a source of pleasure 

and comfort [25]. Several studies have identified the sensory appeal of food as one of the most 

universal and dominant food choice motives even in developing countries [5,26,6,27,8]. Foods 

that do not have acceptable sensory properties are infrequently consumed. For instance, despite 

the health benefits, the global consumption of vegetables is generally low because, among other 

factors, most vegetables are not appealing [28-30].  

 

3.2. Product matching 

Significant differences (p < 0.05) among the samples were found in all the evaluated 

parameters except flavor (Table 7.3). Among the samples with SMMP (S2-1, S2-2, S2-3, and 

S2-4), only S2-2 was similar to the Target in terms of aroma, texture, and overall liking.  

 

Table 7.3. Mean hedonic scores for the samples in comparison to the Target. 
 Mixture composition  Mean 
Product PP BMMP SMMP-1 SMMP-2  Appearance Aroma Flavor Texture Overall 

Liking 
S2-1 0.6 0.0 0.0 0.4  6.4b 6.4b 6.4a 6.6b 6.5b 
S2-2 0.6 0.0 0.4 0.0  6.7b 7.5a 7.3a 6.7ab 7.7a 
S2-3 0.5 0.0 0.5 0.0  6.3b 6.3b 6.7a 6.6b 6.6b 
S2-4 0.5 0.0 0.0 0.5  6.1b 6.4b 6.9a 6.5b 6.7b 
Target 0.6 0.4 0.0 0.0  8.0a 7.3a 6.9a 7.6a 7.5a 

ab Different superscripts within each column indicate significant difference (p < 0.05). 
PP = Peanut paste; BMMP = Barley malted milk powder; SMMP-1 = Sorghum malted milk 
powder type 1 (Malted sorghum powder: Non-fat dry milk powder = 1:20); SMMP-2 = Sorghum 
malted milk powder type 2 (Malted sorghum powder: Non-fat dry milk powder = 1:30).  
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Therefore, S2-2 was considered to be the best peanut beverage formulation containing SMMP. 

Just like the Target, the proportions of peanut paste and malted milk powder, in the two 

component mixture, were also 0.6 and 0.4, respectively. 

Product matching is a well-known sensory technique used to compare sensory 

characteristics of a product, especially after reformulation [31]. The need for reformulation could 

be necessitated by the change of ingredient suppliers, change of ingredients to meet emerging 

consumer preferences or part of a product improvement strategy among others. In this study, 

product matching was an effective shortcut for developing an acceptable peanut-based beverage 

that had SMMP in its formulation. Unlike barley, sorghum is commonly grown in Sub-Saharan 

Africa, and it is already used for the production of both alcoholic and non-alcoholic beverages 

among others [20]. Therefore, use of sorghum in the formulation may have some competitive 

advantages. Most bitter sorghum varieties have tannins which interfere with nutrient absorption. 

However, the sorghum variety (ICSV 112 ) used in this study was chosen because its grains have 

a sweet taste and do not contain tannins [32]. Therefore, no effect on nutritional quality is 

expected.  

 

3.3. Sensory characteristics of the samples 

Out of the 18 terms included in the CATA question, significant differences were found in 

the citation frequencies of 7 terms (Table 7.4). Therefore, the CATA question revealed 

differences in the consumer perceptions on the sensory characteristics of the evaluated samples. 

Among the significant 7 CATA terms, 6 of them (thick, smooth, creamy, whitish color, grainy, 

and watery) had a significant impact (p < 0.05) on the overall mean score. When the terms thick, 
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smooth, and creamy were used to describe a sample, there was an increase in the overall liking 

mean score of the sample compared to when the terms had not been used.  

 

Table 7.4. Cochran's Q test based on citation frequency of the CATA terms used to describe the 
samples. 

   Frequency (%) 
Descriptor p-value  S2-1 S2-2 S2-3 S2-4 Target 
Tasty 0.490  50a 53a 63a 61a 61a 
Tasteless 0.483  5a 3a 8a 0a 5a 
Sweet 0.690  74a 76a 84a 76a 74a 
Bitter 0.406  13a 5a 11a 5a 5a 
Salty 0.105  13a 16a 11a 24a 5a 
Sour 0.255  0a 5a 0a 3a 0a 
Aromatic 0.092  40a 43a 47a 40a 55a 
Roasted peanut flavor 0.377  66a 63a 71a 58a 74a 
Smooth 0.000***  50b 58ab 58ab 40b 84a 
Grainy 0.001**  18ab 24ab 21ab 37a 3b 
Creamy 0.096  55a 68a 63a 74a 79a 
Stable 0.000***  45b 45b 37b 53ab 79a 
Brown color 0.000***  50b 68ab 58b 53b 90a 
Whitish color 0.000***  42a 24ab 40a 37a 3b 
Thick 0.000***  18b 45ab 21b 40ab 58a 
Watery 0.000***  61a 26bc 58ab 37abc 21c 

***Indicates significant difference at p < 0.001. 
**Indicates significant difference at p < 0.01. 
abc Values followed by different superscripts within each row are significantly different (p < 
0.05). 
 

As shown in Figure 7.3, the term thick had the highest positive mean impact (0.71) 

followed by smooth (0.54), and creamy (0.52). On the other hand, when the term watery, grainy, 

and whitish color were cited, there was an overall liking mean drop of 0.98, 0.95, and 0.48, 

respectively (Figure 7.3). Therefore, samples perceived to be watery, grainy, and whitish in color 

were not liked by the consumers. 
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Figure 7.3. Mean impact analysis based on citation frequency of the significant CATA terms.  
 

A check-all-that-apply (CATA) question is one of the most novel, simple, reproducible 

and valid option for sensory characterization of a wide range of products using consumers 

although it does not give attribute intensities [22]. Unlike JAR, CATA can offer insights on the 
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homegeinity among others [22,33]. Several studies have reported the use of CATA as being 

equally good as the other sensory descriptive tests when profiling or characterizing products 

[34,22,35]. Irrespective of the sensory characterization technique (JAR or CATA) used in this 
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expected, samples that were percieved to be waterly were not liked in this study. A study by 

Gama et al. [6] found that Malawian consumers like foods that are more filling. However, as 

previously noted with JAR responses, consumers have their own perceptions regarding the right 

level of an attribute in a food product even if it is generally desirable. Therefore, it was not 
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with proper designing, is possible to have an acceptable peanut-based beverage even if non-

deffated peanuts are used in the formulation. 

 

4. Conclusion 

In the current study, the development of peanut-based beverages with desirable sensory 

properties was achieved using a two-component mixture design and product matching 

approaches. Levels of the two key components (peanut paste and malted milk powder), 

constituting 16% of the total peanut beverage by weight, were optimized to maximize consumer 

acceptability. The optimal concentrations of the peanut paste and malted milk powder (BMMP or 

SMMP), in the two-component mixture, were 60% and 40%, respectively. No differences were 

found between the model predicted overall liking scores and experimental score. The model 

equation predicted the actual overall liking scores with 96% accuracy. Therefore, maintaining all 

other factors constant, the model can be used to predict overall liking of various formulations of 

the peanut-based beverages based on peanut paste and malted milk powder mixture composition. 
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SENSORY AND NUTRITIONAL PROPERTIES OF PEANUT-BASED BEVERAGES: A 

PROMISING SOLUTION FOR UNDERNUTRITION IN MALAWI1 
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Abstract 

Undernutrition remains a challenge in countries like Malawi. To address this challenge, 

the search for effective nutrition interventions and nutritious foods especially from sustainable 

and resilient food sources, like peanuts, is on-going. In this study, sensory profiles of six peanut-

based beverage prototypes were determined. Two highly acceptable beverages were identified. 

Then, their nutrient profiles were determined using official standard analytical methods. One of 

the beverages had barley malted milk powder (S3-2) while the other had sorghum malted milk 

powder (S3-5) in its formulation. The S3-5 had a better nutrient profile than S3-2, “peanut milk,” 

and F100 (WHO-recognized reference diet), respectively, in terms of protein, potassium, and 

calcium. The S3-5 also had a better nutrient composition than whole milk, in terms of protein, 

fat, potassium and iron. A 237-mL (8 oz.) serving of the S3-5 was an excellent source (% DV ≥ 

20) of high-quality protein, total dietary fiber, phosphorus, calcium, molybdenum, and 

manganese and also, a good source (10 ≤ % DV < 20) of potassium and magnesium. Based on 

acceptability results, both S3-2 and S3-5 can potentially increase peanut consumption in Malawi. 

In the long term, the S3-5 may help in the management of undernutrition given its nutritional 

quality. Beside Malawi, the peanut-based beverage may also be valuable in other countries 

where undernutrition is also a challenge. 
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1. Introduction 

Malnutrition, as a result of deficient or excess intake of energy, macronutrients, and 

micronutrients remains a global challenge [1]. Unlike excess intake, a deficient intake of 

nutrients (undernutrition) is more prevalent in developing countries especially among children 

[2]. Worldwide, 52 million under-five children are wasted (low weight for height), 17 million are 

severely wasted, and 155 million are stunted (low height for age) [1]. Approximately, 45% of 

deaths among children aged below five years are related to undernutrition especially in 

developing countries [1]. Given the malnutrition challenge, WHO is working with UN member 

States and other partners to achieve “universal access to effective nutrition interventions and 

healthy diets from sustainable and resilient food systems” [1]. Among the sustainable, resilient, 

and nutritious food sources are legumes like peanuts [3]. Unfortunately, in countries like Malawi, 

despite the adequate supply, peanut consumption is low (4.98kg/capita/yr.) [4].  

Among other factors, the limited diversity of peanut products that meet consumer 

preferences contributes to the low peanut consumption in Malawi [5]. Food is not just eaten for 

its nutritional value. More often, eating is a source of pleasure and comfort [6]. Therefore, the 

development of acceptable food products plays a key role in promoting consumption. For 

instance, global soy consumption has increased following the introduction of more soy products 

like tofu, soy “milk,” energy bars, and other extruded products [7,8]. As a way of increasing 

peanut consumption and reducing undernutrition, prototypes of peanut-based beverages were 

developed. A beverage was chosen because compared to solid or semi-solid foods, beverages are 

convenient, easy to digest, appeal to all age groups, and can be delivered in multiple flavor 

options. Considering that the sensory appeal of food is one of the dominant food choice motives 
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even in developing countries like Malawi [9], both the sensory and nutritional properties of the 

peanut-based beverages were determined in this study. 

Based on WHO [10] guidelines for managing severe malnutrition, a liquid product 

known as F100 is currently used to promote rapid weight gain. F100 is an energy and protein-

dense milk-based product fortified with vitamins and minerals. However, the search for other 

acceptable and sustainable alternatives is still on-going. In the present study, the nutrient profiles 

of the peanut-based beverages were compared to that of the F100, full fat cow milk (whole milk), 

Elmhurst “milked peanuts” (Steuben Foods Inc., Elma, NY, USA), and the Food and Drug 

Administration (FDA) Daily Reference Values (DRVs) or Reference Daily Intakes (RDIs), 

respectively. The findings of this study are valuable not only for Malawi but other countries too 

where undernutrition is equally a big challenge. 

 

2. Materials and methods 

2.1. Sensory analysis 

Consumer acceptability of six peanut-based beverage samples (Table 8.1) was done at a 

central location by Malawian consumers (n = 177) aged 18 and above. The adults were targeted 

since they are the ones mostly making food choices on behalf of children as well. Aroma, 

appearance, flavor, texture and overall liking were scored using a 9-point hedonic scale (1 – 

dislike extremely; 5 – neither like nor dislike; 9 – like extremely) (Appendix E). The consumers 

were also asked to describe each sample through a check-all-that-apply (CATA) question. Coded 

samples at 7 oC (̴ 30 mL each) were served monadically following a completely randomized 

balanced block design. The sensory test protocol was approved by the University of Georgia’s 

Institutional Review Board (IRB Approval Number: STUDY00004112). 
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Table 8.1. Key properties of the evaluated peanut-based beverages. 

Property 
PBV-BMMP1  PBV-SMMP2 

S3-1 S3-2 S3-3  S3-4 S3-5 S3-6 
Flavor Natural Caramel Vanilla  Natural Caramel Vanilla 
Total soluble solids (oBrix) 19.01 19.01 19.01  20.30 20.30 20.30 
pH 6.55 6.55 6.55  6.55 6.55 6.55 
Viscosity (mPa-s) 64.00 64.00 64.00  66.40 66.40 66.40 
Color        

Lightness (L) 55.39 55.39 55.39  58.07 58.07 58.07 
Redness (a) 5.91 5.91 5.91  7.22 7.22 7.22 
Yellowness (b) 17.59 17.59 17.59  16.25 16.25 16.25 

Total plate count (CFU/g) < 1 < 1 < 1  5 5 5 
Yeasts (CFU/g) < 1 < 1 < 1  < 1 < 1 < 1 
Molds (CFU/g) < 1 < 1 < 1  < 1 < 1 < 1 
Aflatoxins        

B1 (ppb) < 0.2 < 0.2 < 0.2  < 0.2 < 0.2 < 0.2 
B2 (ppb) < 0.2 < 0.2 < 0.2  < 0.2 < 0.2 < 0.2 
G1 (ppb) < 0.2 < 0.2 < 0.2  < 0.2 < 0.2 < 0.2 
G2 (ppb) < 0.2 < 0.2 < 0.2  < 0.2 < 0.2 < 0.2 

1PBV-BMMP is a peanut-based beverage incorporation barley malted milk powder (BMMP) and 
2PBV-SMMP is a peanut-based beverage incorporating sorghum malted milk powder (SMMP) 
in addition to the other ingredients (water, peanut paste, sugar, salt, and xanthan gum). 
 

2.2. Nutrient analysis  

Based on the sensory evaluation results, two highly acceptable peanut-based beverages 

were identified. Official standard methods were used to determine the concentrations of crude 

protein, amino acids, crude fat, fatty acids, sugars, total dietary fiber, and minerals, in the peanut-

based beverages. 

 

2.2.1. Protein and amino acid analysis 

Crude protein was determined using an improved Kjeldahl method (AOAC 950.48) [11]. 

Considering that peanuts, milk, barley, and sorghum are the likely sources of protein in the 

product mixture, a general conversion factor of 6.25 was used to calculate protein concentration 
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from the measured nitrogen [12]. To quantify the amino acids, protein hydrolysates were 

prepared and analyzed using Ion Exchange Chromatographic method [13]. Methionine and 

cysteine were determined separately after performic acid oxidation according to AOAC 985.28 

method [11]. Tryptophan was determined after alkali hydrolysis with NaOH (AOAC 988.15) 

[11]. Then, protein quality was estimated by comparing the concentrations of the indispensable 

amino acids with the FAO/WHO reference amino acid pattern [14]. 

 

2.2.2. Fat and fatty acid analysis 

Crude fat was determined gravimetrically after Soxhlet extraction following AOAC 

948.22 method [11]. Cis and trans fatty acids were determined by capillary gas-liquid 

chromatography according to AOCS Ce 1f-96 method [15]. Fatty acid methyl esters (FAMEs) 

were separated on a DB-23 capillary column (15 m x 0.25 mm i.d. with a 0.25 μm film) from 

Agilent Technologies, Santa Clara, CA, USA. One microliter of the sample was injected at a 

60:1 split ratio onto the column. A thermal gradient of 180 °C for 1 min., 180 °C to 195 °C at 5 

°C/min, then 195 °C to 240 °C at 10° C/min, for a total run time of 8.5 min, was used. Fatty acid 

peaks were identified by comparing the retention times with a FAME standard mix RM-3 (Sigma 

Aldrich Co., St. Louis, MO, USA). The fatty acids concentrations were determined from the 

calibration curve. 

 

2.2.3. Carbohydrate analysis 

Glucose, fructose, lactose, maltose, and sucrose were determined using an Ion 

Chromatographic method according to AOAC 996.04 [11]. The total concentration of sugars was 

reported as total carbohydrates. Total dietary fiber was determined using an enzymatic-
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gravimetric method (AOAC 991.43) [11]. Dried defatted sample (1g) was digested using 

enzymes. The digest was precipitated with ethanol and filtered to obtain the residue. The residue, 

considered as the total dietary fiber, was washed with ethanol and acetone before drying and 

weighing.  

 

2.2.4. Mineral analysis 

All minerals (Boron, calcium, copper, iron, magnesium, manganese, molybdenum, 

nickel, potassium, sodium, and zinc), except phosphorus, were determined using Inductively 

Coupled Plasma Mass Spectrometry (ICP/MS) according to ASTM E 1613 method [16]. 

Phosphorous was determined calorimetrically following the AOAC 995.11 method [11]. 

 

2.2.5. Nutritional value estimation 

Calculations were done to determine the adequacy of the peanut-based beverages in 

meeting the daily nutrient requirements. The calculations were based on the Food and Drug 

Administration (FDA) Daily Reference Values (DRVs) and Reference Daily Intakes (RDIs) for 

adults and children aged 4 and above [17]. The DRVs and RDIs are herein generally referred to 

as Daily Values (DVs). Furthermore, the nutrient densities of the peanut-based beverages were 

compared with that of the reference product (F100) (Nutriset, 76770 Malaunay, France), full fat 

cow milk (whole milk), and a “peanut milk” product branded as Elmhurst “milked peanuts” 

(Steuben Foods Inc., Elma, NY, USA). The nutrient concentrations of the F100 and the Elmhurst 

“milked peanuts” were based on the manufacturer’s declared values while those of the whole 

milk were obtained from the United States Department of Agriculture (USDA) database [18]. 
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The energy values of the peanut-based beverages were calculated using the conversion factors of 

4 kcal/g (17 kJ/g) for carbohydrate and protein, and 9 kcal/g (37 kJ/g) for fat [19]. 

 

2.2. Statistical analysis 

Differences in mean hedonic scores were assessed by one-way analysis of variance 

(ANOVA). Tukey’s honestly significant difference test (HSD) was used for means separation. 

Consumer segmentation, based on overall liking scores, was done using Hierarchical Cluster 

Analysis (HCA) by Ward’s method. CATA data were analyzed using Cochran's Q test followed 

by McNemar (Bonferroni) method for pairwise comparisons [20]. Mean impact analysis was 

done to assess the effect of the CATA responses on overall liking mean scores of the samples. 

For the construction of sensory maps, only the significant CATA attributes were included. 

Sensory maps were obtained through Correspondence Analysis (CA). Mean values for the 

evaluated nutrients were based on two replications and were compared using an independent 

two-sample t-test. All statistical analyses were done using XLSTAT (ver 19.01; Addinsoft, New 

York). 

 

3. Results and discussion 

3.1. Consumer acceptability 

Significant differences (p < 0.05) among the samples were found in all the evaluated 

parameters except texture (Table 8.2). The mean overall liking scores of the samples ranged from 

7.0 to 7.6. Samples S3-2 (barley malt, caramel flavor) and S3-5 (sorghum malt, caramel flavor) 

had the highest mean overall liking scores of 7.5 and 7.6, respectively. By just considering the 

responses of all the consumers (n =177), one may conclude that all the consumers well liked all 
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the samples since no sample had a mean score below 7.0 in any of the evaluated parameters 

(Table 8.2). However, cluster analysis results showed otherwise. Three significant consumer 

clusters were found (Figure 8.1). Cluster 2 was the largest cluster comprising 49.7% of the 

consumers followed by cluster 1 (28.8%) and then, cluster 3 (21.5%). 

 

Table 8.2. Consumer acceptability of peanut-based beverages.  

  Mean 
Product  Appearance Aroma Flavor Texture Overall Liking 
S3-1  7.5a 7.1ab 7.0c 7.0a 7.0b 
S3-2  7.5a 7.5a 7.5ab 7.3a 7.5a 
S3-3  7.2ab 7.1ab 7.3abc 7.1a 7.2ab 
S3-4  7.0b 7.1ab 7.3abc 7.1a 7.2ab 
S3-5  7.3ab 7.5a 7.6a 7.4a 7.6a 
S3-6  7.1b 7.0b 7.2bc 7.2a 7.2ab 

abc Different superscripts within each column indicate significant difference (p < 0.05).  

 
 

 
Figure 8.1. Consumer acceptability of the peanut-based beverages by the cluster. 
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The mean overall liking scores for the samples in clusters 1, 2, and 3 ranged from 6.6 to 

7.5, 7.8 to 8.2, and 5.5 to 6.5, respectively. Therefore, Clusters 1, 2, and 3 were described as 

clusters for moderate likers, exceptional likers, and slight likers, respectively. There were no 

significant differences (p > 0.05) in cluster composition based on gender or age of the 

consumers. The three distinct consumer clusters found in this study confirms the diversity in 

consumer preferences, even within the same population. This is the reason why marketers just 

target a specific consumer segment within a population unlike trying to please everyone [21]. 

Since the cluster of slight likers was the smallest (21.5%), the success prospects of the peanut-

based beverages are high. Irrespective of the cluster, samples S3-2 (barley malt, caramel flavor) 

and S3-5 (sorghum malt, caramel flavor) had relatively higher mean overall liking scores just 

like before clustering. Coincidentally, the two most liked samples had a caramel flavor.  

The importance of flavor in foods cannot be overemphasized. For instance, a study in 

Canada found that when chocolate flavored milk was not an option, many children were not 

drinking milk [22]. The flavor of food could be natural or artificial. Artificial flavorings are 

mostly used in beverages to impart a flavor of choice, to modify an already existing flavor, or as 

a way of masking some undesirable flavor [23]. The ultimate goal is to increase the acceptability 

of the end product. However, this study confirmed that the type of flavor also matters. Unlike the 

caramel-flavored samples, samples with natural or vanilla flavor had relatively lower overall 

liking scores.  

 

3.1.1. Drivers of consumer acceptability 

Out of the 18 terms included in the CATA question, significant differences (p < 0.05) 

were found in the citation frequency of 10 of the terms (Table 8.3). Among the significant 10 
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CATA terms, 7 of them (tasty, sweet, caramel flavor, creamy, brown color, thick, and watery) 

had a significant impact (p < 0.05) on the overall liking mean score. Except for the term watery, 

when the other terms were used to describe a sample, there was an increase in the overall mean 

score of the sample compared to when the terms had not been used. The term tasty had the 

highest positive mean impact (0.60) followed by creamy (0.58), thick (0.47), sweet (0.41), 

caramel flavor (0.38), and lastly brown color (0.18). On the other hand, when the term watery 

was cited, the mean overall liking score dropped by 0.42 (mean impact = - 0.42). Therefore, 

samples perceived to be watery were not liked by the consumers. A study by Gama et al. [9] 

found that the Malawian consumers want foods that are more filling. Therefore, their disliking of 

the samples that were perceived to be watery is not surprising. 

 

Table 8.3. Cochran's Q test results based on CATA responses. 

 
Descriptor 

 Citation Frequency (%)   
p-value  S3-1 S3-2 S3-3  S3-4 S3-5 S3-6  

Tasty  49b 54ab 54ab  55ab 64a 57ab  0.009 
Tasteless  7a 3a 5a  5a 1a 4a  0.112 
Sweet  51ab 54a 53a  42c 49b 42c  0.006 
Bitter  3a 0b 1b  2b 3a 4a  0.027 
Salty  2a 3a 3a  3a 3a 2a  0.541 
Sour  1a 2a 1a  1a 2a 0a  0.127 
Aromatic  19a 24a 22a  23a 25a 19a  0.246 
Roasted peanut flavor  45a 41a 49a  53a 45a 46a  0.154 
Caramel flavor  22b 38a 22b  27b 33a 26b  0.000 
Vanilla flavor  14b 7c 16ab  14b 9c 20a  0.001 
Smooth  44a 41a 40a  37a 44a 38a  0.360 
Grainy  7a 6a 9a  10a 8a 8a  0.772 
Creamy  34c 41bc 39bc  49ab 57a 46ab  0.000 
Stable  20a 24a 24a  22a 23a 22a  0.725 
Brown color  59a 56ab 58ab  38c 41c 45bc  0.000 
Whitish color  5c 9bc 5c  20a 20a 17ab  0.000 
Thick  20c 25b 26b  40a 38a 38a  0.000 
Watery  42a 37b 32b  22c 23c 25c  0.000 

abc Different superscripts within each row indicate a significant difference (p < 0.05). 
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Based on the correspondence analysis (CA) sensory profile map, the first two dimensions 

explained 83.5% of the variability in the data (Figure 8.2a). Samples were sorted along the first 

dimension according to their malted milk powder type. Samples containing SMMP (S3-4, S3-5, 

and S3-6) were located on the negative side of the first dimension and mostly described as tasty, 

creamy, thick, and whitish. Samples containing BMMP (S3-1, S3-2, and S3-3) were located on 

the positive side of the first dimension and were mainly characterized as sweet, watery, and 

brown. Similar to the results of mean impact analysis, the CA showed that overall liking was 

mainly associated with terms tasty, creamy, thick, caramel flavor, sweet and brown color 

descriptors (Figure 8.2b). 
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3.2. Nutrient composition 

 The nutrient compositions of the two samples with relatively higher overall liking scores,  

S3-2 (barley malt, caramel flavor) and S3-5 (sorghum malt, caramel flavor) were determined. 

 

3.2.1. Carbohydrates 

S3-2 (barley malt, caramel flavor) had a significantly higher concentration (p < 0.05) of 

total sugar than S3-5 (sorghum malt, caramel flavor) (Table 8.4). Considering the sugar profiles, 

there was significantly (p < 0.05) more glucose, fructose, sucrose, and maltose in S3-2 than in 

the S3-5. Lactose and total dietary fiber were the only carbohydrate components whose 

concentrations were significantly higher (p < 0.05) in the S3-5 compared to the S3-2. 

 

Table 8.4. Carbohydrate composition of the peanut-based beverages. 

Component 
 Mean ± SD (g/100g beverage) 
 S3-2 S3-5 

Glucose  1.00 ± 0.01a <0.10b 
Fructose  0.50 ± 0.03a 0.20 ± 0.01b 
Lactose  0.30 ± 0.01b 2.10 ± 0.03a 
Sucrose  6.80 ± 0.14a 5.90 ± 0.17b 
Maltose  2.20 ± 0.06a <0.10b 
Total Sugar  10.80 ± 0.25a 8.20 ± 0.21b 
Total Dietary Fiber  2.00 ± 0.03b 2.40 ± 0.07a 

ab Different superscripts in each row indicate a significant difference (p < 0.05); SD = Standard 
deviation. 
 

Carbohydrates are the primary source of energy for the body. The preferred source of 

energy for most body cells is glucose, and through homeostasis, the blood glucose level is 

regulated to support optimal functioning of the body [24]. When there is an insufficient supply of 

glucose, the body breaks down muscle tissue to synthesize glucose from amino acids. Therefore, 
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a sufficient supply of glucose from carbohydrates prevents the destruction of proteins. However, 

just like with any essential nutrient, too much carbohydrate intake in the diet may worsen some 

health conditions like diabetes and obesity [24] unless the carbohydrate is rich in dietary fiber. 

Dietary fiber helps in lowering the glycemic index of foods and therefore, may help in reducing 

the risk of obesity and diabetes[25]. Except for sucrose which was deliberately added, the rest of 

the sugars (glucose, maltose, fructose, and lactose) were components of the raw materials 

(malted barley powder, malted sorghum powder, non-fat dry milk powder, and peanut paste) that 

were used in processing the beverages. The dietary fiber was most likely from the malted 

sorghum and barley powder. The total dietary fiber concentrations in the peanut-based beverages 

(2.0 – 2.4 g/100g) were within a suitable range (< 5 g/100 g). According to the Codex 

Alimentarius Commission, the 5g/100g of food is the maximum limit of fiber in supplementary 

foods for infants and young children [26]. The limit is set because too much fiber (≥ 5g/100 g) 

may also affect the absorption efficiency of various essential nutrients [26]. 

 

3.2.2. Fat 

S3-2 (barley malt, caramel flavor) and S3-5 (sorghum malt, caramel flavor) had 

statistically similar concentrations of total fat (Table 8.5). Considering the fatty acid composition 

of the fat, both beverages had palmitic, stearic, oleic, linoleic, arachidic, gondoic, behenic, and 

lignoceric acids. The dominant fatty acids were oleic, linoleic, and palmitic acids with 

concentrations ranging from 50.5 - 51.8%, 28.0 - 30.3%, and 9.2 - 11.3% of the total fat, 

respectively. Just like the total fat, there were no significant differences (p > 0.05) in the 

concentrations of all the fatty acids in the beverages except for stearic and lignoceric acids 

(Table 8.5). Likewise, there were no significant differences (p > 0.05) in the respective 
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concentrations of total saturated, monounsaturated, and polyunsaturated fats in the two peanut-

based beverages. Trans-fatty acids were not detected in any of the evaluated peanut-based 

beverages. The main source of the fat in the beverages was the peanuts, and as expected, the fatty 

acid profiles found in this study were typical of ordinary (low-oleic) peanut oil [27,28]. 

 

Table 8.5. Fatty acid composition of the peanut-based beverages. 

Mean ± SD (g/100g beverage) g/100g fat 
Component S3-2 S3-5 S3-2 S3-5 
Palmitic acid (16:0) 0.63 ± 0.05a 0.46 ± 0.04a  11.30 9.20 
Stearic acid (18:0) 0.19 ± 0.01a 0.14 ± 0.01b  3.40 2.70 
Oleic acid (18:1n-9) 2.83 ± 0.10a 2.59 ± 0.13a  50.50 51.80 
Linoleic acid (18:2n-6) 1.57 ± 0.10a 1.52 ± 0.06a  28.00 30.30 
Arachidic acid (20:0 ) 0.09 ± 0.01a 0.08 ± 0.01a  1.60 1.60 
Gondoic acid (20:1n-9) 0.06 ± 0.01a 0.05 ± 0.00a  1.10 1.00 
Behenic acid (22:0) 0.13 ± 0.01a 0.11 ± 0.00a  2.40 2.20 
Lignoceric acid (24:0) 0.10 ± 0.01a 0.06 ± 0.00b  1.80 1.20 
Total Saturated Fat 1.15 ± 0.08a 0.90 ± 0.08a  20.40 16.90 
Total Monounsaturated Fat 2.89 ± 0.10a 2.64 ± 0.13a  51.60 52.80 
Total Polyunsaturated Fat 1.57 ± 0.10a 1.52 ± 0.06a  28.00 30.30 
Total Trans Fat 0.00 0.00  0.00 0.00 

ab Different superscripts in each sub-row indicate a significant difference (p < 0.05). 

 

Over the past years, high-fat intake has been identified as one of the risk factors for some 

non-communicable diseases like coronary heart disease [29]. Nevertheless, not all fat is bad. The 

body needs essential fatty acids to support critical biological functions. Fats provide energy, are a 

medium for the absorption of fat-soluble vitamins, and are crucial for proper development and 

survival during the early stages of life: embryonic development and early growth after birth to 

infancy and childhood [30]. Consideration of the type of fat and not just the quantity being 

consumed is important [29]. High intake of saturated fats and trans-fatty acids are more 
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detrimental to health than a high intake of unsaturated fats [29,31,32]. High saturated fat and 

trans-fatty acids intake are associated with increased serum cholesterol and low-density 

lipoprotein (LDL) cholesterol which are risk factors for coronary heart disease (CHD) [29]. 

Children with high saturated fat intake are more likely to have atherosclerosis and CDH later in 

life [33]. Therefore, the absence of trans-fatty acids and the relatively high concentration of total 

unsaturated fatty acids in the fat of S3-2 (79.6%) and S3-5 (83.1%) are good (Table 8.5). 

Furthermore, the linoleic acid concentration in S3-2 (1.52g/100g of beverage) and S3-5 

(1.57g/100g of beverage) were all adequate as they exceeded the linoleic acid minimum limit 

(1.4 g/100g of product) for supplementary foods for infants and young children [26]. Linoleic 

acid cannot be synthesized by the body and therefore is an essential fatty acid that must be 

provided in the diet. In infants, linoleic acid deficiency results in poor growth and development, 

a flaking skin (dermatitis), and an impaired immune response while in adults, the obvious sign is 

dermatitis [34]. Based on the fatty acid profiles, consumption of the peanut-based beverages 

could be beneficial to children now and even in their later life. 

 

3.2.3. Protein 

As shown in Table 8.6, S3-5 had a significantly higher (p < 0.05) protein content (4.98%) 

compared to the S3-2 (3.65%). Considering the amino acid compositions of the protein in the 

two beverage samples, glutamic acid (glutamic acid + glutamine) was the most dominant amino 

acid ranging from 19.65 to 19.91% of the total protein followed by aspartic acid (aspartic acid + 

asparagine) (9.77 to 10.90%), and arginine (7.72 to 10.21%). The beverages had statistically 

similar (p > 0.05) concentrations of cysteine, glycine, and arginine. The concentrations of the rest 

of the amino acids were significantly higher (p < 0.05) in the S3-5 compared to S3-2 (Table 8.6). 
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Table 8.6. Protein and amino acid composition of the peanut-based beverages. 

 Mean ± SD (g/100g beverage)  % of Total Protein 
Component  S3-2 S3-5  S3-2 S3-5 
Crude protein  3.65 ± 0.07b 4.98 ± 0.25a  - - 
Alanine  0.14 ± 0.01b 0.18 ± 0.01a  3.92 3.62 
Arginine  0.37 ± 0.01a 0.38 ± 0.01a  10.21 7.72 
Asparagine + Aspartic acid   0.40 ± 0.01b 0.49 ± 0.01a  10.90 9.77 
Cysteine   0.04 ± 0.00a 0.05 ± 0.00a  1.19 0.99 
Glutamine + Glutamic acid  0.72 ± 0.03b 0.99 ± 0.04a  19.65 19.91 
Glycine  0.18 ± 0.01a 0.19 ± 0.01a  5.03 3.73 
Histidine   0.08 ± 0.00b 0.12 ± 0.01a  2.23 2.40 
Isoleucine  0.13 ± 0.01b 0.21 ± 0.01a  3.61 4.18 
Leucine  0.26 ± 0.01b 0.40 ± 0.01a  6.99 8.04 
Lysine  0.22 ± 0.00b 0.31 ± 0.01a  5.91 6.23 
Methionine  0.10 ± 0.01b 0.16 ± 0.01a  2.84 3.12 
Phenylalanine  0.18 ± 0.01b 0.25 ± 0.01a  5.07 5.03 
Proline  0.19 ± 0.01b 0.33 ± 0.01a  5.22 6.63 
Serine  0.16 ± 0.00b 0.23 ± 0.00a  4.49 4.55 
Threonine  0.12 ± 0.00b 0.18 ± 0.01a  3.26 3.51 
Tryptophan  0.04 ± 0.00b 0.05 ± 0.00a  0.96 1.06 
Tyrosine  0.15 ± 0.01b 0.22 ± 0.01a  4.11 4.50 
Valine  0.16 ± 0.01b 0.25 ± 0.01a  4.41 5.01 

ab Different superscripts in each row indicate a significant difference (p < 0.05); SD = Standard 
deviation. 
 

Despite the differences in the concentrations of the amino acids in S3-2 (barley malt, 

caramel flavor) and S3-5 (sorghum malt, caramel flavor), both beverages had complete proteins. 

As shown in Figure 8.3, all the indispensable amino acid concentrations in proteins from S3-2 

and S3-5 were adequate (exceeding the reference pattern). Proteins from peanuts are known to be 

deficient in some indispensable amino acids especially lysine, methionine, and threonine [35-37]. 

Isoleucine and valine have also been reported to be among the limiting amino acids in some 

peanut varieties [38]. Therefore, the complete proteins found in the peanut-based beverages are 

likely due to the incorporation of non-fat dry milk powder. One other main concern about plant-

based proteins is on their poor digestibility compared to proteins from animal sources. However, 
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proteins from peanuts are highly digestible by humans with protein digestibility values similar to 

those of animal sources [36,39]. Therefore, the evaluated peanut-based beverages are sources of 

high-quality protein. Protein quality is critical when assessing the adequacy of diets especially 

for children that are otherwise consuming enough quantities of macro and micronutrients 

[40,41]. Adequate amounts of the indispensable amino acids must be supplied in the diet to 

sustain protein synthesis. If protein synthesis stops, almost every function of cellular life is 

affected. Proteins support growth and maintenance of body tissues, function as enzymes, 

maintain fluid and electrolyte balance, regulate acid-base balance, serve as antibodies, acts like 

carriers (transporters), function as hormones, and are secondary sources of energy [42]. 

Therefore, based on the amino acid profiles, consumption of the peanut-based beverages will 

effectively support these important functions and promote good health. 

 

 

Figure 8.3. Indispensable amino acid concentrations in the peanut-based beverages in 
comparison to the recommended reference pattern for all other foods and population groups 
except infants [14]. SAA = sulfur-containing amino acids; Cys = cysteine; Met = methionine; 
AAA = aromatic amino acids; Phe = phenylalanine; Tyr = Tyrosine. 
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3.2.4. Minerals 

In this study, concentrations of twelve minerals were determined (Table 8.7). S3-5 had 

significantly higher (p < 0.05) concentrations of calcium, iron, phosphorus, potassium, and zinc 

than the S3-2. Only the concentrations of copper and sodium were significantly higher (p < 0.05) 

in the S3-2. The concentrations of boron, manganese, molybdenum, and nickel, in the two 

beverages, were similar (p > 0.05). Peanuts are a significant source of most essential minerals 

except calcium, iron, and zinc [43,44]. Therefore, the high concentrations of calcium in the 

peanut-based beverages was due to the incorporation of non-fat dry milk powder in the 

formulation.  

 

Table 8.7. Mineral composition of the peanut-based beverages. 

Component 
Mean ± SD (Per 100g) 

S3-2 S3-5 
Boron (μg) 143.00 ± 0.99a 140.00 ± 1.56a 
Calcium (mg) 25.20 ± 0.42b 92.40 ± 0.57a 
Copper (μg) 102.00 ± 0.85a 84.40 ± 0.42b 
Iron (μg) 241.00 ± 1.13b 265.00 ± 0.28a 
Magnesium (mg) 28.20 ± 0.28b 31.20 ± 0.42a 
Manganese (μg) 210.00 ± 1.41a 206.00 ± 0.85a 
Molybdenum (μg) 12.00 ± 0.28a 12.10 ± 0.28a 
Nickel (μg) 23.30 ± 0.28a 23.10 ± 0.14a 
Phosphorus (mg) 82.00 ± 1.41b 116.00 ± 0.71a 
Potassium (mg) 154.00 ± 1.41b 224.00 ± 1.84a 
Sodium (mg) 40.00 ± 0.57a 36.90 ± 0.42b 
Zinc (μg) 298.00 ± 1.41b 511.0 ± 2.26a 

ab Different superscripts in each row indicate a significant difference (p < 0.05); SD = Standard 
deviation. 
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3.2.5. Nutritional value 

Considering a serving size of 237 mL (8 oz.), the S3-5 was an excellent source (% DV ≥ 

20) of protein, total dietary fiber, phosphorus, calcium, molybdenum, and manganese while the 

S3-2 was an excellent source of fat, molybdenum, and manganese only (Table 8.8). However, 

both S3-2 and S3-5 were good sources (10 ≤ % DV < 20) of potassium and magnesium.  

 

Table 8.8. Nutrient density of the peanut-based beverages. 

Food Component DV 
Mean ± SD (per 100g)  Mean per 8 Oz. (237 mL) serving 

S3-2 S3-5  S3-2 % DV  S3-5 % DV 
Energy (kcal) 108.80 97.30  257.86 -  230.60 - 
Protein (g) 50 3.65 ± 0.07b 4.98 ± 0.25a  8.65 17  11.80 24 
Fat (g) 65 5.60 ± 0.14a 5.00 ± 0.28a  13.27 20  11.85 18 
Carbohydrate (g) 300 10.80 ± 0.25a 8.20 ± 0.21b  25.60 9  19.43 6 
Dietary Fiber (g) 25 2.00 ± 0.03b 2.40 ± 0.07a  4.74 19  5.69 23 
Potassium (mg) 3500 154.00 ± 1.41b 224.00 ± 1.84a  364.98 10  530.88 15 
Sodium (mg) 2400 40.00 ± 0.57a 36.90 ± 0.42b  94.80 4  87.45 4 
Phosphorus (mg) 1000 82.00 ± 1.41b 116.00 ± 0.71a  194.34 19  274.92 27 
Calcium (mg) 1000 25.20 ± 0.42b 92.40 ± 0.57a  59.72 6  218.99 22 
Magnesium (mg) 400 28.20 ± 0.28b 31.20 ± 0.42a  66.83 17  73.94 18 
Molybdenum (μg) 75 12.00 ± 0.28a 12.10 ± 0.28a  28.44 38  28.68 38 
Iron (mg) 18 0.24 ± 0.00b 0.27 ± 0.00a  0.57 3  0.64 4 
Zinc (mg) 15 0.30 ± 0.00b 0.51 ± 0.00a  0.71 5  1.21 8 
Manganese (mg) 2 0.21 ± 0.00a 0.21 ± 0.00a  0.50 25  0.50 25 
Copper (mg) 2 0.10 ± 0.00a 0.08 ± 0.00b  0.24 12  0.19 9 
abDifferent superscripts in each sub-row indicates a significant difference (p < 0.05); DV is Daily 
Value (DRV or RDI) based on a 2000 calorie diet; SD = Standard deviation. 
 

Compared to the F100, the S3-2 (barley malt, caramel flavor) had higher concentrations 

of protein and fat while S3-5 (sorghum malt, caramel flavor) had higher concentrations of 

protein, potassium, and calcium (Table 8.9). The concentrations of fat and iron in the F100 were 

similar to those of the S3-5 (sorghum malt, caramel flavor). Compared to “peanut milk,” both 

S3-2 (barley malt, caramel flavor) and S3-5 (sorghum malt, caramel flavor) had higher 
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concentrations of protein, fat, potassium, and calcium (Table 8.9). A comparison with whole 

milk showed that the S3-2 (barley malt, caramel flavor) had higher concentrations of protein, fat, 

and iron while S3-5 (sorghum malt, caramel flavor) had higher concentrations of protein, fat, 

potassium and iron (Table 8.9). The energy density of S3-5 (97 kcal/100g) was slightly lower 

than that of F100 (100 kcal/100g) and S3-2 (109 kcal/100g) but higher than the energy density of 

“peanut milk” (63 kcal/100g) and whole milk (67 kcal/100g), respectively. Fat contribution to 

the total energy was highest in “peanut milk” (66%) followed by S3-2 (47%), S3-5 and whole 

milk (46%), and F100 (45%). However, protein contribution to the total energy content was 

highest in the S3-5 (21%) followed by whole milk (20%), “peanut milk” (16%), S3-2 (14%) and 

F100 (10%).  

 

Table 8.9. Comparison of nutrient densities of the peanut-based beverages with other products. 

    Per 100g 
    F100 “Peanut milk”1 Whole milk S3-2 S3-5 
Energy (kcal) 100.0 63 67 109 97 
Protein (g) 2.5 2.5 3.3 3.7 5.0 
Fat (g) 5.0 4.6 3.3 5.6 5.0 
Potassium (mg) 212.0 58 167 154.0 224.0 
Calcium (mg) 58.0 10 125 25.0 92.0 
Iron (mg)   0.4 0.4 0.0 0.2 0.3 

1 Commercial product marketed as Elmhurst milked peanuts (Steuben Foods Inc., Elma, NY, 
USA). 
 

The percentage contribution of fat to total energy for S3-2 (47%) and S3-5 (46%) were 

within the recommended range (45–60%) for ready-to-use therapeutic foods [45]. The beverages 

had a much higher protein to energy ratio. The percentage contribution of protein to total energy 

for S3-5 (21%) and S3-2 (14%) exceeded the 10 to 12% WHO [45] set range of protein 

contribution to the total energy in ready-to-use therapeutic foods and were higher than that of 
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F100 (10%). Nutrient density determines the type of tissue to be synthesized during catch-up and 

normal linear growth. A high energy intake results in adipose tissue deposition while a high 

nutrient intake results in lean tissue synthesis [46]. However, the dietary protein requirement 

needed to enable satisfactory normal linear growth in children is greater than the protein 

requirements for maintenance and tissue deposition [47]. Therefore, intake of high-protein foods 

like the peanut-based beverages can potentially lead to sufficient deposition of lean tissues and 

normal linear growth in malnourished children. Although a protein-rich diet is desirable, a proper 

balance between protein and energy supply is crucial especially when one is severely 

malnourished [47]. In the absence of sufficient energy and normal liver functionality, a high 

protein diet can result in an acid load as a result of failure to break down and excrete the excess 

protein [46].  

In most developing countries like Malawi where corn is the main staple food, porridge 

from blended flours of protein-rich legumes and cereals such as corn–soy blend (CSB) is also 

commonly used for prevention and treatment of acute malnutrition and growth retardation [48]. 

However, the sensory appeal of the porridge is questionable. Therefore, based on the sensory and 

nutritional properties, the peanut-based beverage containing sorghum malt (S3-5) has a more 

competitive advantage. 

 

4. Conclusion 

Both peanut-beverage formulations containing sorghum malt and barley malt were liked 

by the consumers. Irrespective of the formulation type, caramel-flavored samples S3-2 (barley 

malt) and S3-5 (sorghum malt) had relatively higher overall liking scores than the other samples. 

Therefore, they both have a potential of promoting and increasing peanut consumption in Malawi 
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and any country where they may be equally acceptable. The S3-5 had a better nutrient 

composition than S3-2 in terms of protein, total dietary fiber, potassium, phosphorus, calcium, 

magnesium, iron, and zinc. The S3-5 also had a better nutrient composition than F100 and 

“peanut milk,” respectively, in terms of protein, potassium, and calcium. Likewise, the S3-5 had 

better nutrient composition than whole milk, in terms of protein, fat, potassium and iron. A 237-

mL (8 oz.) serving of the S3-5 was an excellent source of high-quality protein, total dietary fiber, 

phosphorus, calcium, molybdenum, and manganese and also, a good source of potassium and 

magnesium. Therefore, the formulation incorporating sorghum malted milk powder (S3-5) has 

the potential for use in preventing and managing malnutrition. However, further studies on the 

efficacy of the S3-5, using clinical trials, are required to provide further evidence on the in vivo 

nutritional quality. .
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CHAPTER 9 

CONCLUSIONS 

Development of a peanut-based beverage was achieved through careful consideration of 

the factors that influence food choices and peanut consumption in Malawi, identifying a Malawi 

peanut variety with better sensory properties and optimizing the formulation to achieve the best 

sensory and nutritional properties. 

Results of a consumer survey (n = 489) showed that mood, health, price, preparation 

convenience, sensory appeal, and familiarity are influencing food choices in Malawi. In general, 

the factor structure and factor ranking were different from those found in Britain as 

hypothesized. Among the food choice motives, only health, price, preparation convenience, and 

sensory appeal influenced peanut consumption. Demographic variables had significant effects (p 

< 0.05) on the food choice motives, peanut products preferences and readiness to try new foods, 

respectively. For instance, women were mostly influenced by familiarity when making food 

choices, preferred more traditional peanut products like peanut flour, and were more food 

neophobic compared to men. However, the sensory appeal was the food choice motive that was 

not affected by gender, age, education level, occupation, and monthly income of the consumers. 

Therefore, the sensory appeal was considered as the universal food choice motive, and its 

maximization was given much attention in this study. Considering that food ingredients can 

affect the sensory properties of the end-products, six dominant Malawi peanut varieties were 

evaluated to determine their suitability for use in formulating a peanut-based beverage. As 

hypothesized, different Malawi peanut varieties had different sensory properties. Nsinjiro and 
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Baka varieties had better sensory properties than the other varieties. Nsinjiro was eventually 

chosen for use in formulating the peanut-based beverage after also considering the adoption rates 

of the peanut varieties in Malawi. 

Colloidal stability is one of the critical determinants of sensory quality of beverages. 

Therefore, the effects of lecithin, xanthan gum, propylene glycol alginate, and their combinations 

on the colloidal stability of a peanut-based beverage were evaluated. At a usage level of 0.5% by 

weight of the beverage, the optimum stabilizer and emulsifier combination was 66% xanthan 

gum and 34% lecithin. Then, levels of the two key components (peanut paste and malted milk 

powder), constituting 16% of the total peanut beverage by weight, were also optimized to 

maximize consumer acceptability. As hypothesized, through product optimization techniques, it 

was possible to develop an acceptable and stable peanut-based beverage even when non-defatted 

peanuts were used. The optimal combination of the peanut paste and malted milk powder, in the 

two-component mixture, were 60% and 40%, respectively. A further increase in the proportion 

of the peanut paste in the mixture had a negative effect on sensory properties, and ultimately on 

consumer acceptability. 

The final beverage formulation had water, peanut paste, sorghum malted milk powder, 

sugar, salt, xanthan gum, and flavorings. The beverage was generally liked by the consumers (n 

= 177) for being tasty, thick, creamy, sweet, caramel-flavored, and with the desired brownish 

color. The overall liking scores of the peanut-based beverage were 6.5, 7.4, and 8.2 for clusters 

of slight likers, moderate likers, and exceptional likers, respectively. Since the cluster of slight 

likers was the smallest (21.5%), the peanut-based beverage has the potential of promoting peanut 

consumption in Malawi and in any country where it may be equally acceptable. In the long term, 

the beverage can be useful in the management of undernutrition given its nutrient composition. A 
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237-mL (8 oz.) serving of the peanut-beverage was an excellent source (% DV ≥ 20) of high-

quality protein, total dietary fiber, phosphorus, calcium, molybdenum, and manganese and also, a 

good source (10 ≤ % DV < 20) of potassium and magnesium. 

Based on the findings, development of a nutritious and acceptable peanut-based beverage 

was achieved and can be scaled up. However, further studies are required before 

commercialization. The further studies should focus on market research and impact pathways, 

packaging and best processing technology, the effect of changing peanut variety, and a shelf life 

study when all the variables have been fixed. 
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APPENDIX A 

QUESTIONNAIRE FOR A CONSUMER SURVEY ON FACTORS INFLUENCING FOOD 

CHOICES 

 
A. General food choice motives 
 
It is important to me that the food I eat on a normal day 
 
1. Is easy to prepare 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
2. Contains no additives 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
3. Is low in calories 

 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
4. Tastes good 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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5. Contains natural ingredients 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
6. Is not expensive 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
7. Is low in fat 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
8. Is familiar 

 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
9. Is high in fiber and roughage 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
10. Is nutritious 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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11. Is easily available in shops and supermarkets 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
12. Is good value for money 

 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
13. Cheers me up 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
14. Smells nice 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
15. Can be cooked very simply 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
16. Helps me cope with stress 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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17. Helps me control my weight 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
18. Has a pleasant texture 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
19. Is packaged in an environmentally friendly way 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
20. Comes from countries I approve of politically 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
21. Is like the food I ate when I was a child 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
22. Contains a lot of vitamins and minerals 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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23. Contains no artificial ingredients 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
24. Keeps me awake/alert 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
25. Looks nice 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
26. Helps me relax 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
27. Is high in protein 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
28. Takes no time to prepare 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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29. Keeps me healthy 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
30. Is good for my skin/teeth/hair/nails etc. 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
31. Makes me feel good 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
32. Has the country of origin clearly marked 

 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
33. Is what I usually eat 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
34. Helps me to cope with life 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important
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35. Can be bought in shops close to where I live or work 
 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
36. Is cheap 

 

Extremely 
unimportant

Unimportant Slightly 
unimportant

Neither important 
nor unimportant

Slightly 
important

Important Extremely 
important

 
B. Additional food choice motives 
Is there anything else you consider to be important apart from the items listed above? 
 
Yes                      No 
 
If yes, please write the item(s) below 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
C. Demographic Information 

C1 Gender:                       Male Female 

C2 Age:           18 – 20          21 – 29         30 – 39         40 – 49         50 and above 

C3 Highest level of formal education 

        None 

       Primary 

       Secondary 

       Tertiary 
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C4 Occupation 

       Formal Employment 

       Self Employed 

       Menial jobs 

       Student 

       None 

C5 Monthly income 

       Less than MK 50, 000 

       MK 50, 000 – MK 99, 000 

       MK 100, 000 – MK 299, 000 

       MK 300, 000 – MK 499, 000 

       MK 500, 000 and above 
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APPENDIX B 

QUESTIONNAIRE FOR A CONSUMER SURVEY ON PEANUT (GROUNDNUTS) 

CONSUMPTION 

 
 

A Consumption of groundnuts 

A1 Do you eat groundnuts?                                             Yes                No 

Give reason(s) if your answer is No and proceed to C1. 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

A2 In what form do you eat groundnuts? (Choose all that apply) 

     Peanut butter         Roasted groundnuts       Boiled groundnuts   

     Raw groundnuts        Cooking oil         Groundnut flour in relish/porridge       

     Other (specify)…………………………………….…………………………… 

……………..………………………………………………………………………… 

A3 Which groundnut form/product do you like most? 

…………………………..………………………………………………...................... 

Give reason(s) for your choice 
…………………………………….……………………………………………........... 

……………..………………………………………………………………………… 
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A4 Are you satisfied with the diversity of groundnut products on the Malawian market? 

       Yes            No         

If your answer is No, what other products would you want to see on the market?   

….................................................................................................................................... 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

A5 How often do you eat groundnuts / groundnut products? 

      Every day         At least thrice a week        At least once a week        Occasionally 

 

B Food Neophobia 

B1 Would you try a new food/ beverage that you have never seen before? 

      Yes         No 

If your answer is No, give reason (s)?   

….................................................................................................................................... 

………………………………………………………………………………………… 

………………………………………………………………………………………… 

B2 What would make you to try a new food/ beverage that you have never seen before? 

………………………………………………………………………………………… 

….................................................................................................................................... 

………………………………………………………………………………………… 

………………………………………………………………………………………… 
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C Demographic Information                 

C1 Gender:                       Male Female 

C2 Age:           18 – 20          21 – 29         30 – 39         40 – 49         50 and above 

C3 Highest level of formal education 

        None 

       Primary          

       Secondary 

       Tertiary 

C4 Occupation 

       Formal Employment 

       Self Employed 

       Menial jobs 

       Student 

       None 

C5 Monthly income 

       Less than MK 50, 000 

       MK 50, 000 – MK 99, 000 

       MK 100, 000 – MK 299, 000 

       MK 300, 000 – MK 499, 000 

       MK 500, 000 and above 
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APPENDIX C 

SAMPLE OF SCREENER FOR SENSORY TESTS 

 
Name:                                                    
 
Phone number:                                Email address:                                         
                                                                                             

The sensory lab at University of Georgia, in conjunction with the department of Food 
Science and Technology of LUANAR, Bunda Campus, is conducting a study on peanut-based 
beverages. For this project, we will run a sensory test. The test will last approximately 1 hour and 
you will be compensated with (Monetary amount) after the test. To participate, you are required 
to come to (Place) on (Date)  
 
Would you be interested?     Yes               No 
 
If yes, please answer the following questions: 
 
1. What is your gender?   Male          Female 
 
2. What is your age group? Below 18             18-25         26-35          36-45   
                                                    46-55       56-65       Above 65  
 
3. Do you have any food allergies like groundnuts, cow milk, soy or wheat allergies?  

Yes            No 
 
4. How often do you eat groundnuts and groundnuts-based products? 

Daily             
2-3 times/ week    
2-3 times/ month    
Once /month     
Less than once /month  
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5. We have the following times for the tests; please choose one. 
9am - 10am   11am - 12pm          1pm - 2pm   3pm – 4pm 

 
You will be notified (through the contact details you have provided above) if you have qualified 
to participate in this study. Your contact details will be used only for the purposes of this study 
and will be kept confidential. 
 
Note: Any response in red font resulted in disqualification. Potential participants completed the 
screening questionnaire with no prior knowledge of the exclusion criteria.  
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APPENDIX D 

BALLOT FOR OPTIMIZATION SENSORY TESTS 

 
 
Panelist Code:                                    Sample Code:               
 
 
Please rinse your mouth with water before starting. You can rinse at any time during the 
test if you need to. Thank you! 
 

Please LOOK at this sample and then, answer the following questions: 

1. Mark the box that best describes your opinion about the BROWN COLOR of this sample. 

Not enough at all Not enough Just About Right Too much     Far too much

 
Please SNIFF this sample and then, answer the following question: 

2. Mark the box that best describes your opinion about of the ROASTED PEANUT AROMA of 
this sample. 

Not enough at all Not enough Just About Right Too much     Far too much

 
Please TASTE this sample and then, answer the following questions: 

3. Mark the box that best describes your opinion about the ROASTED PEANUT FLAVOR of 
this sample. 

Not enough at all Not enough Just About Right Too much     Far too much

 
4. Mark the box that best describes your opinion about SWEETNESS of this sample. 

Not enough at all Not enough Just About Right Too much     Far too much
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5. Mark the box that best describes your opinion about SALTINESS of this sample. 

Not enough at all Not enough Just About Right Too much     Far too much

 
 
6. Mark the box that best describes your opinion about the THICKNESS of this sample. 

Not enough at all Not enough Just About Right Too much     Far too much

 
7. Mark the box that best describes your OVERALL LIKING of this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely
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APPENDIX E 

BALLOT FOR CONSUMER ACCEPTABILITY TEST 

 
 
 
Panelist Code:                                    Sample Code:               
 

Please rinse your mouth with water before starting. You can rinse at any time during the 
test if you need to. Thank you! 

 

Please LOOK at this sample and then, answer the following question: 

1. Mark the box that best describes your liking of the APPEARANCE of this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely

 
 
Please SNIFF this sample and then, answer the following question: 

2. Mark the box that best describes your liking of the AROMA of this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely

 
 
Please TASTE this sample and then, answer the following questions: 

3. Mark the box that best describes your liking of the TASTE of this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely

 
4. Mark the box that best describes your liking of the TEXTURE of this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely
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5. Mark the box that best describes your OVERALL LIKING for this sample. 

Dislike 
Extremely

Dislike       
Very Much

Dislike 
Moderately

Dislike    
Slightly

Neither Like 
nor Dislike

Like     
Slightly

Like 
Moderately

Like         
Very Much

Like    
Extremely

 
 
6. How would you describe this sample? CHECK ALL THAT APPLY 
 
           Tasty                        Aromatic                                     Creamy     
 
           Tasteless                  Roasted peanut Flavor                Stable (No visible separation) 
 
           Sweet                       Caramel Flavor                           Brown color 
 
           Bitter                       Vanilla Flavor                              Whitish color 
  
           Salty                        Smooth                                        Thick 
 
           Sour                         Grainy                                         Watery 
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APPENDIX F 

PICTURES OF SENSORY TESTS ENVIRONMENT 
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