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ABSTRACT 

Population increase exerts pressure on existing resources, including food. As evidenced in 

West African Countries such as Nigeria, roots and tubers (R&Ts) are alternative meals to turn 

around healthy diets for enhanced food and nutrition security. Although R&Ts have been 

promoted in Kenya, their consumption among urban dwellers is still inadequate. To enhance 

their utilisation, this study sought to understand R&Ts consumption patterns among urban 

households of Nakuru Town East Sub-County. A multistage sampling technique selected 385 

households, and data were collected using a pre-tested semi-structured questionnaire. Data 

were analysed using SPSS and STATA data analytical software. A multivariate Probit model 

was used to analyse the factors influencing consumer preferences for R&Ts. A negative 

binomial regression model was used to analyse the determinants of consumption frequency 

for R&Ts, while a linear approximate almost ideal demand system model was used to assess 

household demand analysis for selected R&Ts. Results revealed that Irish potatoes (Solanum 

tuberosum L.) had the highest preference level (70%), followed by sweet potatoes (Ipomoea 

batatas L. Lam.) at 61%. Arrowroot (Maranta arundinacea L.) had a preference of 42%. 

Cassava (Manihot esculenta Crantz) and yams (Dioscorea alata L.) were the least preferred 

at 22% each. The mean consumption frequency of R&Ts was seventeen times a month. The 

R&Ts exhibited negative own-price elasticities for both Marshallian and Hicksian demand 

analyses, thus conforming to utility theory. Cross-price elasticities had positive and negative 

signs signifying the presence of substitutes and complements, respectively, in R&Ts 

categories. The expenditure elasticities varied from positive to negative, implying the 

presence of normal to inferior goods respectively in R&Ts categories. Additionally, age, 

education, household size, the proportion of household size (≤18 years old and ≥ 19 years 

old), monthly income, household health, cultural orientation, market distance, farming, 

nutritional knowledge, market prices, production place, availability of R&Ts, size, quality, 

Covid-19 pandemic, taste, and preparation time significantly influenced consumption patterns 

for R&Ts. These results contribute to the existing literature on consumer studies. Moreover, 

the findings could assist in formulating strategies and policies that promote awareness 

(nutritional knowledge) for R&Ts, thereby increasing their consumption. For instance, R&Ts 

can be widely accepted through value-addition strategies, resulting in increased uptake. 

Additionally, introducing price control policies such as a price ceiling; and a price floor will 

help regulate retail prices for R&Ts, making them affordable to many households, thereby 

increasing their consumption.    
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CHAPTER ONE  

INTRODUCTION 

1.1   Background of the study 

The world‟s population is steadily growing coupled with urbanisation, which, in turn, 

exerts pressure on existing resources and food (FAO et al., 2020; Godfray & Garnett, 2014; 

Ogbonna et al., 2017; Pieterse & Parnell, 2014; Satterthwaite et al., 2010). A report on 

urbanisation by Ritchie and Roser (2018) indicates that half of the world‟s population resides 

in cities, and by 2050 two-thirds of the global population is expected to live in urban areas. 

This argument is further echoed by the United Nations (2019), which shows that the world 

population stood at 7.7 billion people in 2019 and is projected to increase to 8.5 billion and 

10 billion people by 2030 and 2050, respectively. Additionally, the population in Sub-

Saharan Africa (SSA) is projected to double by 99% by 2050, with most growth occurring in 

urban areas of less developed countries (United Nations, 2019).  

Migration from rural to urban areas causes urbanisation, possibly leading to the 

emergence of slums, water and air pollution, waste disposal problems, and food shortages. 

Moreover, urbanisation has reduced the physical activities of many urban dwellers, in 

addition to unhealthy nutrition. In turn, it poses challenges to the food security system 

because the demand for food outpaces the supply (Githunguri & Njiru, 2021; Steensland & 

Zeigler, 2018). This situation likely result in food shortage, especially in the urban areas of 

developing countries where most residents are net food buyers who spend a significant part of 

their income on food items (Matuschke, 2009; Szabo, 2016). Moreover, many of these urban 

populations earn low income, implying low purchasing power (Ruel et al., 2010); therefore, 

the most vulnerable consumers. The urban poor is part of the 820 million people facing 

hunger in Africa, parts of Asia, and Latin America (FAO, 2019). In addition, inadequate food 

caused by seasonal food shortages, insufficient energy intake resulting in hunger and 

malnutrition, and protein deficiency retards economic growth in many developing countries 

such as Kenya (FAO, 2004). 

World Health Organization (2016) predicted a shift in urban consumption patterns by 

2020 due to urbanisation. Further, 69% of all deaths would be due to non-communicable 

chronic diseases such as obesity, diabetes, cardiovascular diseases, cancer, dental diseases, 

and osteoporosis caused by a shift in consumption patterns, lifestyle changes, and poor 

nutrition (WHO, 2016). For instance, consumption of saturated fats and sugars, highly 

processed foods, and out-of-home meals pose health and nutritional risks such as obesity and 

diabetes (Keats & Wiggins, 2019; Magbalot-Fernandez & Umar, 2019).  
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To address the highlighted challenges, nutritionists advise consuming indigenous 

foodstuffs such as R&Ts, also called underutilised crops. Roots and tubers are ranked the 

second most frequently consumed crops after cereals in Kenya. These include Irish potatoes 

(Solanum tuberosum), sweet potatoes (Ipomoea batatas), cassava (Manihot esculentum), 

arrowroots (Maranta arundinacea), yams (Dioscorea alata), cocoyams/taro (Colocasia 

esculenta), beets (Beta vulgaris), carrots (Daucus carota), and turnips (Brassica rapa). They 

are produced in more sustainable ways, are readily available, and provide high nutritional 

value Dotto et al. (2018); Dawson et al. (2009), implying high versatility in addressing food 

and nutrition security in Africa.  

These crops have a wide variety of uses, such as the provision of food for households, 

feeds for animals, and raw materials for industries; as such, R&Ts have increased economic 

importance for producers and consumers (Alexandratos & Bruinsma, 2012; Muthoni & 

Nyamongo, 2010; Scott et al., 2000; Wijesinha-Bettoni & Mouillé, 2019). For instance, yam 

is a significant food source for millions of people in the tropics and subtropical regions of the 

world. It contributes to income and food for more than 60 million people (Asiedu & Sartie, 

2010). Roots and tubers meet local food preferences, provide alternative diet sources, have 

affordable prices, and supply high calories per plant (Scott et al., 2000). In addition, they 

have nutritional, health, and medicinal benefits such as antiobesity, hypocholesterolemic, and 

immunomodulatory activities (Chandrasekara & Kumar, 2016; Saranraj et al., 2019). 

Therefore helps to deal with these “lifestyle diseases”(McFadden & Lusk, 2016; Okrent & 

Alston, 2012). 

Despite their aforementioned potential, the old R&Ts varieties face production 

challenges such as low-quality planting materials, an unconducive policy environment, low-

yielding varieties, and susceptibility to pests and diseases (Sanginga & Mbabu, 2015). 

Fortunately, researchers have developed new high-yielding varieties resistant to pests and 

diseases with a shorter maturity period, contributing to food and nutritional security. The 

Kenyan government is coming together through relevant ministries and other development 

partners to boost the production and commercialisation of R&Ts (Almekinders et al., 2019). 

Through these interventions, farmers are provided with high-quality planting materials to 

boost the production of R&Ts (Almekinders et al., 2019; Kaguongo et al., 2013; MoALFI, 

2019). Because of these benefits, demand for R&Ts has increased across the world. However, 

the main challenges are lack of awareness and unconducive sectoral policies promoting 

marketing for R&Ts. In developing countries like Kenya, undersupply of R&Ts in the market 

is due to marketing constraints (MoALFI, 2019). Production of R&Ts in developing countries 
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was projected to increase by 58 % between 2003 and 2020 (Scott et al., 2000). For instance, 

the global yearly potato output is approximately 388M MT, with an average yield per hectare 

of 20,110.8 tons/ha (FAO et al., 2020). In Africa, annual potato outputs were estimated at 

25M MT with a production capacity of about 13,215.40 tons/ha. In Kenya alone, production 

of R&Ts increased from 2.4M MT in 2015 to 3.68M MT in 2018 (MoALFI, 2019).  

Even though R&Ts have the potential to turn around healthy diets, especially among 

the urban populations in Kenya, their consumption is still low. For instance, their 

consumption per capita is still below the recommended levels (Mohamed et al., 2021). The 

national per capita energy provision from R&Ts consumption per day is less than the 

recommended rate of 2,250 Kcal/day per individual, implying that the basic diet is inadequate 

in quality and diversity (MoALFI, 2019). There is a dearth of knowledge concerning R&Ts 

consumption patterns among urban households in Kenya. Without evidence of the 

determinants of R&Ts consumption trends (preference and expenditure), it will be hard to 

promote their incorporation among urban diets. Moreover, formulating food policies that 

tackle dietary problems requires in-depth knowledge of healthy and unhealthy food 

consumption drivers. This study seeks to address the aforementioned knowledge gap by 

assessing the determinants of consumer preference, frequency of consumption, and 

expenditure for R&Ts among Nakuru Town East Sub County urban households.   

Nakuru Town East Sub County was chosen as a case study since it is an urban area 

with increased dietary-related diseases due to a shift in dietary patterns (NCIDP, 2018). This 

urban area has a total area of 230.9 square km, a population density of 840 persons per square 

km, and a population of 193,926 people (KNBS, 2019). The regions surrounding Nakuru 

Town East Sub-county are known for vast agricultural potential with numerous large and 

small farms majorly farming crops such as coffee, barley, wheat, beans, maize, tomatoes, 

leafy vegetables, potatoes, arrowroots, yams and cassava, introduced of late (MoALFI, 2019). 

Since agriculture is not the mainstay activity in the study area, the residents rely on food 

supplies from other regions (NCIDP, 2018). However, a few households residing in Nakuru 

Town East Sub County practice urban or rural farming. Like many other urban areas, Nakuru 

Town East Sub County is experiencing shifts in their consumption habits likely attributed to 

lifestyle changes among urban households in the study area. Many households focus on 

consuming highly processed and refined foods to the detriment of traditional diets, in this 

case, R&Ts (Korir et al., 2020; NCIDP, 2018; Ngenoh, 2021). The low R&Ts utilisation of 

R&Ts among urban dwellers is constrained by factors such as; socio-cultural, economic, 

institutional and product-related factors. For instance, urban dwellers are socio-culturally 
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diverse and more likely exposed to a wide variety of food items which affect R&Ts 

consumption as a staple food (Wanyama, 2019).  

Convenience, texture, taste, colour, perceptions, habits, familiarity and beliefs were 

cited as contributing factors in defining R&Ts consumption patterns among urban households 

and therefore influencing their R&Ts choices. Even though some urban dwellers have started 

turning to underutilised R&Ts such as cassava and yams (Ngenoh, 2021), a section of 

consumers still regards them as poor man‟s food and therefore prefer other alternative meals 

(Charles, 2022; Kenyon et al., 2006; MoALFI, 2019; Oke et al., 1990). The presence of toxic 

substance “cyanide” produced by cassava discourages some urban households from 

consuming the crops, which likely explains the low usage (Lambein & Diasolua, 2019). In 

addition, the urban working population lacks time to prepare R&Ts, hence opting for more 

convenient alternatives such as cereals and fast foods (Tan, 2015).  

Kenya‟s agricultural policy seeks to promote production and consumption of R&Ts 

due to their increased importance in food and nutrition security, ability to withstand drought 

and various uses in many agro-industries (MoALFI, 2019). To promote urban farming and 

consumption of these underutilised R&Ts, the County government of Nakuru formulated the 

Urban Food and Agriculture 2019 Bill, enhancing urban food security and agricultural 

activities as a source of income in the county. The bill came at a time when the county faced 

a rising population; hence, the need to formulate a food system to cater to this urban 

population's dietary needs. The bill promotes urban agriculture policies enhancing food such 

as R&Ts‟ processing and distribution (NCIDP, 2018). At a local level, the R&Ts subsector in 

Nakuru Town East Sub-County contributes to food security and income generation directly 

through consumption and farming or trade of the crops; however, their contribution as a 

source of income is still inadequate (NCIDP, 2018). 

 

1.2   Statement of the problem 

Roots and tubers are the second most consumed crops after cereals in Kenya. The role 

they play in curbing food insecurity in SSA, Kenya included, cannot be underestimated. Even 

though R&Ts were previously integrated into household meals, their consumption among 

urban consumers remains low, and the reasons for their low utilisation are still unknown. A 

few studies in Kenya have been conducted on household consumption and purchasing 

patterns for R&Ts. However, factors influencing consumer preference for R&Ts, their 

consumption frequency, and household allocation of budgetary shares for the crops among 

urban dwellers remain unaccounted for. Therefore, this study intends to bridge the 
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highlighted knowledge gap by analysing consumption patterns for selected R&Ts among 

urban households of Nakuru Town East Sub County.  

1.3   Research objectives 

1.3.1   General objective 

To contribute to urban household food and nutrition security by analysing 

consumption patterns for selected root and tuber crops in Kenya. 

 

1.3.2   Specific objectives 

i. To assess the factors influencing consumer preference for selected roots and tubers 

among urban households in Nakuru Town East Sub-County. 

ii. To determine the role of socio-economic and institutional variables and product 

attributes in influencing consumption frequency for selected root and tuber crops 

among urban households in Nakuru Town East Sub-County. 

iii. To evaluate the effect of demographic variables, price, and expenditure elasticities 

on household demand for selected root and tuber crops among urban consumers in 

Nakuru Town East Sub-County. 

 

1.4   Research questions 

i. What factors influence consumer preferences for selected roots and tubers among 

urban households in Nakuru Town East Sub-County? 

ii. What role do socio-economic and institutional variables and product attributes play 

in influencing consumption frequency for selected root and tuber crops among urban 

households in Nakuru Town East Sub-County?   

iii. What is the effect of demographic variables, price, and expenditure elasticities on 

household demand for selected root and tuber crops among urban consumers in 

Nakuru Town East Sub-County? 

 

1.5   Justification of the study 

Despite policy focus on improving food security, Kenya is still classified as a food 

insecure nation. The national per capita energy provision per day is less than the 

recommended rate of 2,250 Kcal/day per individual, indicating that the basic diet is 

inadequate in quality and diversity (MoALFI, 2019). This study identified factors influencing 

household consumption of selected R&Ts, consumption frequency, and demand analysis for 

these crops to improve Kenyan urban consumers‟ health, food, and nutritional security. The 
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knowledge gained could help increase consumption of R&Ts by providing a more 

comprehensive nutritional alternative for households to choose from, thereby improving 

dietary diversification. Vanlauwe et al. (2013) suggested that root and tuber crops play an 

important role in ensuring food security in Africa; therefore, there is a need to tap the 

opportunities provided by the crops. The disclosure come when the world faces climate 

change challenges that result in a shortfall in yield for cereals and other crops. Therefore, 

consumers have to be cushioned by providing them with an alternative meal source, including 

R&Ts, whose potential has not been fully exploited (Vanlauwe et al., 2013). In addition, the 

study is in line with SDG2 (to ensure there is zero hunger in the country) and SDG12 (which 

ensures responsible consumption and production). The study also supports the measures 

taken by the government of Kenya as it tries to achieve food and nutritional security in the 

country (Godfray et al., 2010; Zwaagstra et al., 2010).  

 

1.6   Scope and limitation of the study 

The study targeted households consuming selected R&Ts crops in Nakuru Town East 

Sub-County. To ensure that only the households mentioned above were selected, respondents 

were interviewed immediately after buying their preferred R&Ts from selected market 

outlets. This study area was selected to represent consumption patterns in urban areas and 

their implications for urban food security. The R&Ts crops studied were; Irish potatoes, 

sweet potatoes, cassava, arrow roots, and yams because they are the main R&Ts produced 

and consumed in Kenya (MoALFI, 2019). The findings apply mainly to the study area; 

therefore, they do not reflect the position of all consumers in Kenya because factors affecting 

households‟ consumption patterns are heterogeneous across regions. Moreover, the 

inadequacy of proper records could affect the accuracy of the estimates, and therefore the 

study relied heavily on the household‟s ability to recall information. 

 

1.7   Operational definition of terms 

Budgetary allocation: The total amount of income allocated to each expenditure line in a 

household. 

Consumption pattern: How different consumers spend their income across or within 

categories of products, such as food, clothing, and discretionary items. 

Consumer preference: The subjective taste of individual consumers for different 

agricultural commodities. 

Consumption: The use of goods and services by households. 
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Demand: The consumer‟s desire to buy agricultural commodities and willingness to pay the 

price for the commodity. 

Food security: A state where all people, at all times, have physical and economic access to 

sufficient, safe, and nutritious food that meets their dietary needs and food preferences for an 

active and healthy life. 

Food system: Diverse web of activities involving food items‟ movement from production to 

consumption. 

Household: A social unit composed of people living together in the same dwelling. 

Root and tuber crops: Starch-yielding plants mainly store their food in the roots, tubers, 

rhizomes, corms, and stems. 

Urbanisation: Refers to the population shift from rural to urban areas, the decrease in the 

proportion of people living in rural areas, and how societies adapt to this change.   
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CHAPTER TWO  

LITERATURE REVIEW 

2.1   Introduction 

In this chapter, literature of past studies and recent studies on R&Ts consumption 

trends, their impact on food and nutrition security, contribution to the welfare of producers 

and consumers were reviewed. The chapter starts by providing empirical literature on 

consumption preference for R&Ts, their frequency of consumption and demand analysis for 

the crops. Moreover, possible socio-cultural, economic and institutional factors were 

investigated to understand their influence on R&Ts consumption. The review assisted in 

identifying knowledge gaps in the existing literature which this study sought to address. 

Finally, the random utility maximisation theory was reviewed in the theoretical literature and 

a conceptual framework was presented to lay a foundation upon which this study was 

anchored. 

 

2.2   The concept of food and nutrition security 

Food security is a major topic of interest worldwide, and as such, many research and 

development organisations try to identify solutions to this problem. Good nutrition and a 

high-quality diet are associated with consuming various food items (Murage et al., 2019). In 

addition, households accessing enough quantity and safe food all year round are 

economically viable and food secure. One way of leading a healthy lifestyle is by eating a 

well-balanced diet. Therefore, any condition in which food consumption fails to sustain a 

healthy and nutritious diet for an individual results in food insecurity (Barrett, 2010; FAO et 

al., 2020; Haddad et al., 2014).  

 

2.3   The importance of production and consumption of roots and tubers. 

In the global food system, especially in developing countries, R&Ts are ranked 

among the top 10 primary crops (Gweyi-Onyango et al., 2020; Onodu et al., 2020; Phillips et 

al., 2004; Scott, 2000). Sanginga and Mbabu (2015) found that the aggregate value of 

cassava, sweet potato, potato, and yam exceeds all other African staples, including cereals. 

Roots and tubers grow in varying climatic and production systems, producing 240 million 

tons per year. Their production covers an estimated 23 million hectares of land, only for 

documented root and tuber crops, way above cereals, whose production stands at 169 million 

tons and covers 108 million ha per year (Sanginga & Mbabu, 2015). 



9 
 

Roots and tubers are produced using very low inputs and mostly serve as food for the 

poor due to their affordability. Moreover, they act as feed for animals, raw materials for 

industries, and contribute to food security. Yam, cassava, potato, and sweet potato are 

affordable sources of protein, vitamins A, B, and C, zinc, and iron for the dietary demand 

across many regions (Lebot, 2019; Okareh et al., 2021). For this reason, R&Ts are embraced 

for sustainable food production in Africa. Potato and sweet potato have a short production 

duration of 3-4 months compared to grain crops. Therefore, it helps augment “hunger 

months,” that is, several months before harvesting new crops. Even though yam and cassava 

take longer to mature, they are vital for the annual food supply cycle. The crops are primarily 

traded in developing countries and are less affected by large-scale market shocks and price 

fluctuations than other staples such as cereals. 

Despite the important role played by R&Ts in Africa, African food policy has been 

inclined to support cereals such as wheat, rice, and maize at the expense of R&Ts (Scott, 

2000). Moreover, the crops are neglected in production and trade to favour cereal crops and 

cash crops such as tea, coffee, cotton, cocoa, and cereals (Nweke, 2004). The aforementioned 

implies that participatory research for new crop varieties characterising some cash crops had 

bypassed root and tuber crops leading to the continued use of traditional varieties for 

production (Nweke, 2004; Phillips et al., 2004). As a result, it led to the stigmatisation of 

R&Ts by many consumers who viewed them as inferior, low-quality poor man‟s food 

(Kenyon et al., 2006; Oke et al., 1990; Reincke et al., 2018). Therefore, most households 

prefer cereals and other traditional cash crops to R&Ts.  

Scott et al. (2000) revealed a significant increase in consumption and utilisation of 

root and tuber crops between the 1960s and 1970s. The aforementioned changes could be 

attributed to diversification in using R&Ts as alternative meals and specialisation in their 

production. For instance, between 1983 and 1996, consumption of R&Ts in developing 

countries had increased by 22%, that is, 45M MT- 253M MT, respectively. Cassava 

accounted for the largest share at 93M MT of R&Ts consumed for food, followed by sweet 

potato at 65M MT, and yam at 16M MT (Scott, 2000). In addition, in China and Latin 

America, the use of R&Ts as animal feeds increased rapidly by 50% between 1983 and 1996 

to stand at 96M MT. The variation in consumption and utilisation of R&Ts is due to 

differences in population, economic growth, urbanisation, and cultural factors (Scott, 2000). 

In SSA, population growth, low per capita income, and urbanisation have generated 

demand for R&Ts since they are viewed as cheap, starchy staples (Nanbol & Namo, 2019; 

Scott, 2000). In addition, Phillips et al. (2004) observed an increased demand for cassava in 
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Nigerian markets because of its enhanced use as processed food, with rural and urban 

consumption patterns being increasingly similar. Therefore, it shows how cassava is 

overcoming the initial stigmatisation as a less preferred food crop. A similar reversal in 

consumption trend is also witnessed with increased demand for sweet potato and its products 

in other parts of Africa (Mkamilo & Jeremiah, 2005). 

 

2.4   The concept of consumer behaviour 

Consumer behaviour involves the acquisition, and disposition of goods, services, 

time, and ideas by a consumer (Jacoby, 2003). Consumers‟ choices involve the internal 

cohesion of the decision process and action when planning, acquiring, using, and disposing of 

a good or service (Loudon & Della Bitta, 1984). More recent works are built on the 

definitions above (Hawkins & Mothersbaugh, 2010; Solomon, 2010). The gist of this 

definition emphasises the main phases of consumption: searching for information, making 

decisions, using a commodity, and its disposal (Kotler & Keller, 2011). 

 

2.5   Empirical framework 

2.5.1   Factors influencing consumers’ preference and consumption frequency for 

roots  and tubers. 

Consumers vary in shopping for different food commodities, preparation methods, 

and consumption styles (substitutes or complements). Households consume those food items 

as complements, while others are used as substitutes for other meals. Moreover, the purchase 

decision driving the choice of food and quality perception varies from one consumer to the 

other (Ritson & Petrovici, 2001). The literature review shows foundation factors influencing 

consumer preference: cultural, social, personal, psychological, and commodity-related 

(Armstrong et al., 2014; Barlagne et al., 2017; Gc & Yeo, 2019; Gwladys et al., 2020; 

Mmasa et al., 2012; Teweldemedhin & Mulonda, 2016). Bhatta et al. (2009) studied 

determinants for preference and willingness to pay. His findings categorised these factors into 

two: product-related factors and consumer-related factors. Product-related factors influencing 

consumer preference were quality, price, type (perishable or non-perishable), the origin of 

production, information about the product, and its availability. Consumer-related factors 

include income, age, education, gender, occupation, and family size. Bhatta‟s findings 

resonate with Piyasiri and Ariyawardana (2002), who revealed that consumer awareness 

positively affects demand for organic food products.  
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Haghjou et al. (2013) indicated that peer influence, individual habits, and socio-

cultural factors affect preference. In addition, consumer awareness of the nutritional benefits 

of consuming specific food items is another important factor determining consumption 

patterns. A study by Barlagne et al. (2017) on consumer preference for fresh yams using a 

focus group study in Guadeloupe found that consumers considered the price, origin, taste, 

texture, external damage, and size as important determinants for yam preference. Focus group 

discussions have been proposed for use since they are efficient ways of eliciting drivers of 

consumer choices (Van Kleef et al., 2005). Besides, consumers sharing the same platform 

make much information available quickly (Boquin et al., 2014; Cardinal et al., 2003; Lee & 

Lee, 2007).  

Food safety is another essential factor driving consumption choices for food 

commodities (Piyasiri & Ariyawardana, 2002); therefore, food items that are perceived to 

possess unhealthy elements tend to be avoided by consumers. Alternatively, food rich in 

nutritional and medicinal properties attracts more preference among households. For instance, 

the medicinal properties of root and tuber crops help tackle dietary-related diseases; 

therefore, their consumption is highly encouraged. Some health benefits are difficult to 

assess; therefore, „estimating consumers‟ willingness to pay for safer food quality‟ is a simple 

method to determine food safety benefits (Goldberg & Roosen, 2005). Using a multiple 

regression model to examine social-economic factors affecting consumption of sweet potato 

products in Tanzania, Mmasa et al. (2012) found age, gender, household size, and income to 

have significant influence followed by price, quality, and availability.  

For households to derive the nutritional benefits of different foods, they have to 

consume them more often. Moreover, the availability of other food items helps achieve 

dietary diversity among households, improving their diets. By examining factors affecting the 

frequency of purchase of sweet potatoes in Argentina, Lacaze et al. (2012) found that 50% of 

the respondents mentioned at least one nutrient that attracts them to consume the crops more 

frequently (Carbohydrates 83%, vitamins 24%, Potassium 16%, and Fibre 12%). This 

indicates that the characteristics of food items in terms of nutritional endowment are more 

likely to influence their frequency of consumption. Large households had a higher probability 

of consuming fresh sweet potatoes than smaller households. This could be attributed to the 

cost of food purchases; it is more expensive to feed households with many members than 

smaller households. Sweet potato retails at a fairly cheaper price than alternative food 

commodities such as grains, meat, and wheat products, therefore highly consumed in larger 
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households. This explains the higher frequency of sweet potato consumption among larger 

households than in smaller ones (Lacaze et al., 2012).  

 

2.5.2   Determinants of household food consumption expenditure. 

According to Korir et al. (2020), the household‟s size, income, and food commodity 

prices were the major determinants of food demand decisions. These observations are 

consistent with the finding of Iorlamen et al. (2014), who assessed expenditure on food 

among urban households in Benue State, Nigeria. The above-mentioned used multiple linear 

regression and logit regression to analyse data; and revealed that household size, income, and 

price of commodities influenced food demand in the study area, which agrees with the 

findings of Vigani et al. (2019) from Kenya. Moreover, household size and income of 

household heads were the main factors influencing food demand in the area (F = 19.78; p ≤ 

0.05). Therefore, for a unit increase in household size, there is an increase in household food 

demand expenditure by about N788.10. Similarly, for every increase in a household‟s head 

income, the expenditure on food items increased by 23 Kobo (100 kobo makes N1). Other 

variables studied include education, gender, and marital status, which showed a significant 

effect (Iorlamen et al., 2014). 

Using the QUAIDS model to analyse urban households‟ food expenditure in Kenya, 

Mohamed et al. (2021) found four significant themes influencing healthy eating: perceptions, 

policy, socioeconomic, and environmental factors. Ashagidigbi et al. (2012) used descriptive 

statistics and Quadratic Almost Ideal Demand System (QUAIDS) models to analyse 

determinants of household food demand in Nigeria. Using data on household socio-economic 

characteristics, prices, quantity purchased, and expenditure on different food groups, they 

found that Older respondents and higher-income households consume fewer fats in Nigeria 

(Ashagidigbi et al., 2012). Moreover, expenditure elasticities of all R&Ts were positive and 

statistically significant at 1%, indicating that they could be considered normal to luxury 

goods, as expected a priori (Rono et al., 2017). Income (expenditure elasticity) shows that 

staples, animal protein, and vegetables are normal goods, while fruits and fats are luxuries. 

This study‟s results concurred with previous ones (Akinleye & Rahji, 2006; Korir et al., 

2020; Okoruwa & Adebayo, 2006; Rozi et al., 2021; Tsegai & Kormawa, 2009), the only 

difference being the area of study and method of analysis used. 

While examining determinants of household food consumption expenditure in Gombe 

state in Nigeria, Bata et al. (2018) found a significant effect of marital status and household 

income on food consumption expenditure. Moreover, demographic characteristics and 
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economic factors influenced household decisions to consume. Gabriel et al. (2017) revealed 

that income rather than price-oriented policies would be more significant in addressing food 

insecurity in Laikipia County, Kenya. While investigating household expenditure on food at 

home in Malaysia, Yeong-Sheng (2008) revealed that age of the household head had a 

significant effect on consumption expenditure. Household size also positively and 

significantly influenced food consumption expenditure, such that larger households spent 

more on food (Begum et al., 2010; Sekhampu, 2012).  

Education level positively and significantly affected food consumption expenditure 

(Bata et al., 2018). Moreover, the respondent‟s location had a positive and significant effect 

on consumption expenditure, such that urban households spent more on food than their 

counterparts upcountry (Bata et al., 2018; Bozoglu et al., 2013). The area of residence of the 

consumer affects food diversity demand, possibly due to difficulty in accessing the foods 

(Huffman & Orazem, 2007; Ruel et al., 2010; Tankari & Badiane, 2015). Additionally, the 

share amounts spent on food by developing countries are 60-80% compared to 10-20% in 

developed countries (FAO & IFAD, 2011; Rizov et al., 2014). The income level explains the 

difference in food share allocation between the developing and developed regions. Most 

consumers in developing countries are net food buyers due to low-income levels; therefore, a 

bigger chunk of their income is directed to food expenditure. A contrary observation is made 

on households from developed countries. 

Beyond the traditional factor “income” (Moon et al., 2002; Stewart & Harris, 2005),  

household characteristics also influence food diversity demand (Tankari & Badiane, 2015). 

When estimated, socio-demographic characteristics of households, such as gender, have 

varying results. For instance, gender (female) can be negative Westenhoefer (2005); Zainal 

Badari et al. (2012), sometimes positive depending on the socio-cultural orientation of the 

households (Rashid et al., 2011). Age seems influential in a non-linear fashion for food 

diversity demand (Moon et al., 2002; Stewart & Harris, 2005). The level of education was 

positive on food demand, with the effect being higher on women than on men (Rashid et al., 

2011). 

Household size was positive and significant (Moon et al., 2002), just like the nature of 

employment (Stewart & Harris, 2005), race (Jekanowski & Binkley, 2000), and area of 

residence. For instance, households living in big cities have greater demand for food diversity 

(Thiele & Weiss, 2003). One crucial observation is that these studies are made on 

assumptions of homogeneity of household preferences; hence, the demand for food diversity 

is assumed to be homogenous. Therefore, the study is restrictive as it goes against the nature 
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of diversity for demand unobserved in the survey data (Tonsor et al., 2009). To overcome this 

weakness, Tankari and Badiane (2015) studied determinants of food diversity in Uganda. 

Their analysis did away with previous literature on homogeneity assumptions by 

incorporating unobserved heterogeneity. 

Kostakis (2014) surveyed determinants of household food consumption in Greece, 

where cross-sectional data set from Athens and Crete was collected and analysed. The results 

revealed that demographic and socioeconomics variables such as income, gender, age, marital 

status, residence, and employment status significantly influenced household food 

expenditure. The food expenditure study found a strong association between demographic, 

socio-economic parameters, and consumer attitude (Kostakis, 2014). This study concurs with 

several others conducted on socio-economic and demographic factors (Gabriel et al., 2017; 

Jae et al., 2000; Musyoka et al., 2010, 2014; Raper et al., 2002). There is a positive 

relationship between income and expenditure on food (Abdel‐Ghany et al., 2002; Gould, 

2002; Ricciuto et al., 2006), although this relationship is non-linear on household expenditure 

for food concerning Engel‟s law of income (Vitaliano, 2010). In demand analysis, the 

absence of income data can be substituted with expenditure data when calculating income 

elasticities since one is a possible proxy measure of the other. In addition, highly educated 

consumers have a different attitude toward diet styles. They choose several food items with a 

more balanced dietary model. Therefore there are discrepancies in household food 

expenditure (García & Grande, 2010).  

On consumer age, different studies found varying preferences between young and old 

consumers; and this has led to differences in type, quantity, and quality of food consumed 

among households of different age categories (Jacobson et al., 2010; Liu et al., 2013; 

Ricciuto et al., 2006). Employment status, gender, marital status, and religion affect food 

expenditure across all consumer groups. Consumers living in urban areas have more food 

consumption options. Therefore expenditure on food is higher in urban than in rural areas 

because the latter produce most of their foodstuffs (García & Grande, 2010; Liu et al., 2013; 

Tekgüç, 2012). Moreover, household food expenditure directly correlates with the size of the 

food commodity (García & Grande, 2010; Jacobson et al., 2010; Sabates et al., 2001; Thiele 

& Weiss, 2003). 

 

2.6   Theoretical Framework 

Consumer choice theory shows that consumers want to maximise utility subject to 

budget constraints and the market price of the preferred goods (Hill & Schiller, 2015). 
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Therefore, the economic explanation for consumer choice has the foundation of marginal 

utility and the law of demand. 

 

2.6.1   The theory of consumer behaviour 

Consumer behaviour theories are concerned with how consumers allocate income 

over different commodities to maximise utility (Hill & Schiller, 2015). It is worth noting that 

consumers are rational; therefore, it is possible to express the probability of utility gained 

from consuming available alternatives (Cascetta, 2009). Moreover, they always compare 

utility anticipated from consumption of various commodities before purchase, subject to the 

commodity‟s price and income level. In addition, the consumer faces several alternatives that 

shape his decision from a set of choices (Ben-Akiva & Lerman, 2018). 

The importance of any alternative among the available choices depends on 

commodity taste, prices, income level, availability, and the role the food commodity plays to 

an individual regarding nutritional and medicinal benefits. Therefore, a random utility theory 

(RUT) was used to understand this concept because it explains and quantifies consumers‟ 

preferences based on a finite set of alternatives. RUT operates on the assumption that the type 

of food the consumer chooses provides the highest utility among all alternative food types in 

a set of choices. Random utility theory models an individual‟s preference for alternatives 

using a real-valued score for each alternative independently and then ranking the alternatives 

according to the score. These scores represent the level of utility realised by consumers. 

According to this theory, the choice of a given root and tuber is governed by random factors 

(McFadden, 1973). The utility choice model is divided into deterministic (observable) 

components and an error (random) component, which are independent.  

The utility U that household i gains from consuming good n is made of 

observable/deterministic component V (the utility function) and random component   defined 

by Cascetta (2009) as shown in equation (2.1); 

 

                                                                                                                               (2.1) 

 

where     is Utility,     is deterministic component and     the error term. The assumption 

made is,     utility depends on consumer choices of type of foodstuff selected from n set of 

root and tuber crops. The consumer is assumed to have a utility function of the form shown in 

equation (2.2); 
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                                                                                                                                (2.2) 

 

where;    are R&Ts attributes while    is consumer attributes. A rational consumer aiming to 

maximise utility and achieve food security over a period must select among a set of n R&Ts 

categories. The consumer chooses n root and tuber crop if the perceived utility from the 

foodstuff is greater than utility from foodstuff q. That is,    >   . The utility of consuming 

any root and tuber crop is assumed to depend on the attributes of the selected foodstuff and 

the socio-economic characteristics of consumers (Cascetta, 2009). Due to various factors, the 

utility derived by consumers from alternative food selections may not be known with 

certainty by the researcher when modelling the utility function. Therefore an error 

term/random element   is introduced in the model to capture uncertainties or unobserved 

variables affecting an individual‟s utility, as shown in equation (2.3). 

 

                                                                                                                     (2.3) 

 

The probability that consumer i will choose any root and tuber crop from the set of 

R&Ts category is shown in equation (2.4); 

 

                     ,              n ϵ R&Ts                                                                  (2.4)  

 
=P [(      ) > (      )] 
 
P [(     ) > μ] 

 
where R&Ts is a complete set of choices for the crops. For equation (2.4) to be estimated, 

error terms were assumed to have Gumbel distribution with independence and identical 

distribution (IID) characteristics (McFadden, 1973). 

The RUT is mainly preferred compared to the consumer demand theory (Marshallian 

consumer behaviour theory). This is attributed to its ability to encompass other factors 

affecting consumer behaviour, from demographic, economic, institutional, and product-

related factors. The RUT applies a holistic approach when explaining variations in consumer 

behaviour. In contrast, the Marshallian theory of consumer behaviour (Colander, 2008) looks 

at the narrow scope of consumer demand at the point of purchase. The Marshallian theory 

concentrates on the quantity demanded of a commodity against its own price, cross-price and 
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income level. Consumers, especially urban dwellers, are multicultural and likely to adopt 

different consumption habits. This results to shifting in their lifestyle, consumption trends, 

and reduced physical activities. Therefore, the RUT was adopted because it is superior to the 

Marshallian theory and can capture the dynamic socio-cultural, economic and institutional 

factors affecting R&Ts consumption patterns among urban dwellers. 

 

2.7   Conceptual framework 

The study is conceptualised as presented in Figure 2.1. The framework links the 

factors affecting consumer preference for R&Ts, frequency of consumption for R&Ts, and 

how these interrelationships further affect the budgetary allocation for these crops. 

Demographic, institutional and economic factors, as well as product characteristics, are 

explanatory variables with a direct effect on three dependent variables; “Consumer 

preference,” “frequency of consumption,” and “household food demand budgetary 

allocation” for R&Ts. The price relationship between R&Ts predicts whether the selected 

crops are consumed as substitutes or complements for each other. Moreover, R&Ts 

characteristics such as quality, size, taste, and availability also affect consumer preference. 

There is a positive relationship between dependent variables, consumer preference 

and frequency of consumption. The highlighted relationship could be explained by 

intervening variables “consumer knowledge/awareness”. Consumers with enhanced 

nutritional knowledge concerning R&Ts are more likely to prefer them; therefore, they 

consume them more frequently. Regarding the frequency of consumption, dependent 

variables predict how often households consume R&Ts to achieve nutritional goals. Factors 

such as Covid-19 pandemic is more likely to attract frequent consumption of R&Ts due to 

their medicinal properties in fighting against the disease. Moreover, the frequency of R&Ts 

consumption influences how households allocate budgetary shares for selected crops hence 

helping to achieve food and nutrition security in the long run.  
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Figure 2.1: Conceptual framework  

Demographic factors 

-Age 

- Gender  

-Years spent in education  

-Income level 

- Cultural orientation 

-Household Size 

-Household‟s health status 
 

Product related factors 

-Taste, Availability of 

different types of R&Ts 

in the market, Size of 

R&Ts, Quality of R&Ts, 

R&Ts preparation time 

Consumer Preference 

for the selected R&Ts 

Institutional & economic 

factors 

- Distance to the market 

- Expenditure on R&Ts 

-R&Ts prices 

-Production place 
 

Consumer knowledge/ 

access to Information 

-Nutritional   knowledge 

-R&T‟s role on Covid-

19 management 

Household Food Demand 

-Budgetary allocation for the 

selected Roots and Tubers 

 

Improved Food & Nutrition Security (FNS) 

Frequency of 

consumption for the 

selected R&Ts 

 



19 
 

CHAPTER THREE  

CONSUMER PREFERENCE FOR SELECTED ROOTS AND TUBERS AMONG 

URBAN HOUSEHOLDS 

Abstract 

Consumption of roots and tubers (R&Ts) among urban households can be low. 

Understanding factors influencing consumption decisions for R&Ts is important in enhancing 

their utilisation. This study assessed determinants of consumer preference for selected R&Ts 

using a multivariate Probit model. A stratified multistage sampling technique was adopted to 

select 385 respondents, and data collected using a pre-tested semi-structured questionnaire. 

Irish potatoes (Solanum tuberosum L.) had the highest preference level (70%), followed by 

sweet potatoes (Ipomoea batatas L. Lam.) at 61%. Arrowroot (Maranta arundinacea L.) had 

a preference of 42%. Cassava (Manihot esculenta Crantz) and yams (Dioscorea alata L.) 

were the least preferred at 22% each. Education, monthly income, cultural orientation, 

nutritional knowledge, Covid-19 pandemic, market distance, farming of R&Ts, retail prices, 

production location, availability of R&Ts, size, quality, taste, and preparation time influenced 

preferences for R&Ts by urban households. The results identify factors affecting consumer 

preference for R&Ts, reveal the causes of their low consumption among urban dwellers, and 

explain their actual contribution to nutrition among households. Inadequate time to prepare 

R&T meals at home and availability of conveniently prepared alternatives likely explains 

their low preference by urban residents. R&Ts provide significant amounts of essential macro 

and micronutrients that improve nutrition and help fight against various diseases due to their 

medicinal properties to support their increased household consumption. 

 

Keywords: dietary diversity, essential elements, household consumption, multivariate Probit 

model, Sub-Saharan Africa 

 

3.1   Introduction 

Due to their potential in adapting to different climatic conditions, roots and tubers 

(R&Ts) are a reliable source of food, found throughout Sub-Saharan Africa (SSA) and 

include cassava (Manihot esculenta Crantz), Irish potatoes (Solanum tuberosum L.), sweet 

potatoes (Ipomoea batatas L. Lam.), yams (Dioscorea alata L.), arrowroots (Maranta 

arundinacea L.), and ginger (Zingiber officinale Rosc.) (Ferraro et al., 2016; MoALFI, 

2019). The introduction of new varieties for R&Ts increased yields but their consumption is 
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below their potential (Scott et al., 2000). The negative perception as a poor man‟s food 

Reincke et al. (2018), presence of toxic antinutrients produced by cassava Lambein and 

Diasolua (2019), and lack of nutritional knowledge regarding R&Ts likely explain the low 

usage (Ayanwale et al., 2016; Tefft & Jonasova, 2020). 

Rising consumer preference for exotic foods and convenient alternatives such as fast 

foods and other highly processed foods has increased dietary-related non-communicable 

diseases such as obesity, diabetes, cardiovascular diseases, cancer, dental diseases, and 

osteoporosis (Wiggins & Keats, 2014). Health-conscious consumers prefer moderate 

consumption of R&Ts. They form part of a diet that reduces chronic diseases (Chandrasekara 

& Kumar, 2016) by acting as functional foods (Saranraj et al., 2019). The R&Ts provide 

cheap sources of carbohydrates and calories for many households in the SSA (Nanbol & 

Namo, 2019). They also supply iron, zinc, calcium, and vitamins A, B, and C (Okareh et al., 

2021). It is not clear why some have been abandoned and classified as orphan crops. 

Consumption of R&Ts among urban households is low and their actual contribution to 

nutrition by urban dwellers is unknown. Studies (Ayanwale et al., 2016; Barlagne et al., 

2017) on food consumption patterns have not assessed preference patterns for R&TS among 

urban dwellers.  

This study examined factors influencing consumer preference for selected R&Ts 

among urban households. Previous work reported socio-cultural, economic and institutional 

factors as key elements shaping dietary choices and preferences among households (Barlagne 

et al., 2017; Gc & Yeo, 2019; Teweldemedhin & Mulonda, 2016). Indigenous food systems 

and preferences are likely to reduce consumption of nutritious food commodities when these 

foods are not traditionally known or culturally accepted (Gwladys et al., 2020). However, 

urban dwellers are diverse in their socio-cultural composition and more likely exposed to a 

wide variety of food items. Additionally, convenience, texture, taste, colour, perceptions, 

habits, familiarity and beliefs were cited as contributing factors in urban households‟ R&Ts 

choices (Bhatta et al., 2009; Gitonga, 2013; Kassie et al., 2013; Mmasa et al., 2012; Piyasiri 

& Ariyawardana, 2002; Teklewold et al., 2013). Findings from this study are likely to inform 

the formulation of relevant policies that enhance consumer awareness of the nutritional 

benefits of R&Ts, and the long-term health consequences, therefore increasing consumption 

and promoting the growth of R&Ts subsector. 
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3.2   Materials and Methods 

The study was conducted in Nakuru Town East Sub County in Nakuru County, 

Kenya. It has a total area of 230.9 square km, a population density of 840 persons per square 

km, and a population of 193,926 people (KNBS, 2019). The sub-county is subdivided into 

five wards: Biashara, Flamingo, Kivumbini, Menengai, and Nakuru East. The sub-county is 

located between longitude 36⁰ 3′6″ East and 36⁰ 9′45 ″ East and Latitude 0° 15′ 36″ South and 

0° 30′ 0″ South, at 1,850 m above sea level. Since agriculture is not the mainstay activity in 

the area, the residents rely on food supplies from other regions (NCIDP, 2018). The map of 

the study area is shown in Figure 3.1. 

 

 

Figure 3.1: Map of the study area 

Source: Independent Electoral and Boundaries Commission (2017) 

The study was anchored on a cross-sectional research design where data for various 

variables were collected simultaneously. A cross-sectional design was adopted for this study 

since it saves time, is cost-effective, and has a lot of information collected in a short time. 
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Moreover, the design allows data to be collected from different respondents at a given time 

(Kothari, 2004; Peter, 2015). This design also enables collection of data that measures the 

prevalence of all factors under study. A stratified multistage sampling technique was used to 

select R&Ts consumers as the targeted respondents. In the first stage Nakuru County was 

purposively selected because of the heterogeneous nature of its consumers. In the second 

stage, Nakuru Town East Sub-County was purposively selected because it hosts the highest 

number of market outlets for R&Ts. The third stage involved stratification of R&Ts markets 

into supermarkets, organised open-air markets, and roadside stalls for all wards of Nakuru 

Town East Sub-County. In the fourth stage, a mixed sampling technique was adopted and 

split into 2 levels. The first level used non-probability/judgmental sampling because the 

population of R&Ts consumers in the study area is infinite, and its distribution per ward is 

unknown (Kothari, 2004). In the second level, random sampling was used to select an equal 

number of respondents from each of the selected market outlets and in all wards. 

Eliminating sample selection bias and ensuring randomness was achieved through a 

lottery to generate a random number nth in this case, number two was selected. Therefore, 

every second customer who visited the R&Ts retail outlet and made a purchase was 

interviewed. To ensure the obtained data was as representative as possible, immediately after 

the interview, respondents were asked to inform their household members not to participate 

in the same interview if they were to encounter any of our enumerators in the field. 

Moreover, before the interview, we asked the respondent if he or any of their household 

members had been interviewed about R&Ts during the study duration. This prevented 

interviewing the same household more than once hence enhancing data reliability. 

The sample size was determined based on Kothari (2004), where a total of 385 

respondents were selected and distributed evenly across wards and in their respective market 

outlets as shown in equation (3.1). 

2z . p . q
n= 

2e
                                                                                                                          (3.1) 

where; n = size of the sample; Z = confidence level (α=0.05), which gives 1.96; p = 

population proportion of interest (R&Ts consumers) set at 0.5, since statistically, a proportion 

of 0.5 results to sufficient and reliable sample size when dealing with the infinite population; 

q = weighting variable computed as 1-p; and 𝘦 = precision rate set at 5% or 0.05 (acceptable 

error). This formula resulted in 385 respondents computed as shown in equation (3.2); 
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21.96 . 0.5 . 0.5
384.16 385

20.05
n                                                                                    (3.2) 

The 385 respondents were selected and distributed evenly across wards and in their 

respective market outlets. For research clearance in Kenya, the National Commission for 

Science, Technology and Innovation and Ethics research permits attached in Appendix K: 

Research Permit were acquired from relevant authorities. Primary data were collected using 

semi-structured questionnaires attached in Appendix L: Household Questionnaire. To 

assess the suitability and viability of the data, pre-testing questionnaires were done and 

corrected for data quality before actual data collection. Respondents were interviewed at 

market outlets immediately after purchasing R&Ts, where they provided information on 

socio-demographic, institutional, economic, and product characteristics influencing 

preference for R&Ts. The collected data were coded, entered, and data entry errors removed 

using IBM SPSS Statistics 20 (IBMCorp, 2011) data analysis program. The data were 

transferred to Stata 12 (StataCorp, 2014) computer program, where econometric analysis was 

performed. 

The dependent variable, “consumer preference”, for each R&Ts, was binary in choice. 

One indicated that a given R&T crop was chosen for consumption, while zero otherwise. Due 

to the dichotomous property of the dependent variable, a binary selection model would fit the 

analysis of the data set (Greene, 2002). The R&T crops identified were Irish potato (Solanum 

tuberosum L.), sweet potato (Ipomoea batatas L. Lam.), cassava (Manihot esculenta Crantz), 

arrowroot (Maranta arundinacea L.), and yam (Dioscorea alata L.) (MoALFI, 2019). Since 

the estimation involved several R&Ts, selection of one or more of these was likely to occur 

due to variation in consumer taste and preferences. Selection of a single R&T crop may affect 

the likelihood of selecting the remaining ones due to the potential relationships existing 

between R&Ts. This relationship, otherwise called the correlation of R&T crops, maybe due 

to complementarity (positive correlation) or substitutability (negative correlation) between 

R&Ts (Belderbos et al., 2004). 

Estimating a binary equation for each R&Ts independently would lead to potential 

bias because the analysis does not capture the error terms‟ correlation, which results in 

inefficient estimates (Greene, 2008). Therefore, a multivariate probit (MVP) model was used 

because the consumption preference decision is inherently multivariant. The MVP model 

simultaneously regresses the influence of a set of explanatory variables on each R&T 

combined while allowing for correlation of error terms for binary equations (Kassie et al., 
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2013; Teklewold et al., 2013). The MVP model represented a system of 5 binary equations 

that were jointly estimated using a maximum likelihood method to determine consumer 

preferences for each R&T. The MVP model was derived by Kassie et al. (2013) as shown in 

equation (3.3); 

* ' , 1,...,Y X j
hj hj j hj

                                             (3.3)   

and 

  

*1 if   0
 ,

0 otherwise

Yhj
Yhj

 



                                                      (3.4) 

where 1...j m  denotes the R&Ts choices available. In equation (3.3), the assumption is that 

a rational thh consumer has a latent variable *Yhj
 that captures the unobserved preferences of 

demand associated with the 
thj choice of R&Ts. The latent variable is assumed to be a linear 

combination of observed characteristics ( )hjX that affect consumer preference for 
thj R&T 

and unobserved characteristics captured by the stochastic error term hj . The vector of 

parameters to be estimated is represented as j . With the latent nature of 
*Yhj , the estimations 

are centred on observable binary discrete variablesYhj , which indicate whether a household 

consumes a particular R&T. 

If the preference for a particular R&T is independent of whether or not a consumer 

chooses another R&T, that is, the error terms hj are Independent and Identically Distributed 

(IID) with a standard normal distribution, then equations (3.3) and (3.4) specify univariate 

Probit models. This model indicates that the information on the household‟s preference for 

one R&T crop does not alter the preference probability of another R&T crop. However, if 

consumer preference for several R&Ts is possible, a more realistic specification is to assume 

that the error terms in equation (3.3) jointly follow a multivariate normal (MVN) distribution, 

with zero conditional mean and variance normalised to unity  such that ~ (0, )MVN
hj

  and 

the symmetric covariance matrix is given by equation (3.5);  
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                                               (3.5)  

Of particular interest are the off-diagonal elements in the covariance matrix, jm  

representing the unobserved correlation between the stochastic part of the
thj and 

thm type 

of R&Ts. This assumption reveals that equation (3.3) gives an MVP model that jointly 

represents decisions to consume a particular R&T. This specification having non-zero off-

diagonal elements allows for correlation across the error terms for several latent equations, 

representing the unobserved characteristics that affect the choice of alternative R&Ts. 

Socio-economic, institutional, and product-related characteristics used as independent 

variables to analyse factors influencing consumer preference for R&Ts were derived from 

previous studies (Barlagne et al., 2017; Bhatta et al., 2009; Gc & Yeo, 2019; Gitonga, 2013; 

Kassie et al., 2013; Mmasa et al., 2012; Piyasiri & Ariyawardana, 2002; Teklewold et al., 

2013; Teweldemedhin & Mulonda, 2016). A decision-maker is a household member 

responsible for making critical decisions on food consumption in the house. The choice of 

dependent and independent variables is shown in 

 Table 3.1 

Table 3.1: Description of variables used in multivariate probit model 

Variables Description and measurement sign 

Dependent variables 

Irish potatoes If the household consumed Irish potatoes (1=Yes; 0=No)  

Sweet potatoes If the household consumed sweet potatoes (1=Yes; 0=No)  

Cassava If the household consumed cassava (1=Yes; 0=No)  

Arrowroots If the household consumed arrowroots (1=Yes; 0=No)  

Yams If the household consumed yams (1=Yes; 0=No)  

Independent Variables 

Age Age of the decision-maker in years (continuous) ± 

Gender Gender of the decision-maker
1
 (1=Male; 0=Female) ± 

Education Years of education of the decision-maker(continuous) ± 

Household size Number of household members (continuous) ± 
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Household Income Monthly income of the decision-maker in KES
2
 (continuous) ± 

Culture If cultural orientation influences preference for R&Ts (1=Yes, 

0=No) 

± 

Household health  If the health condition of the household members influences 

preference for R&Ts (1=Yes, 0=No) 

± 

Covid-19 If the Covid-19 pandemic influence preference for R&Ts (1=Yes, 

0=No) 

± 

Market distance Distance from home to the market outlet for R&Ts
3
 (in km

4
) - 

Farming R&Ts Whether the household farms on R&Ts (1=Yes, 0=No) ± 

Nutrition 

knowledge 

If nutritional knowledge influences preference for R&Ts (1=Yes, 

0=No) 

± 

Prices for R&Ts If price variation influence preference for R&Ts (1=Yes, 0=No) ± 

Production place If the place of production for R&Ts influences preference (1=Yes, 

0=No) 

± 

Availability  R&Ts If the availability of different types of R&Ts in the market 

influence preference for the crops (1=Yes, 0=No) 

± 

Size of R&Ts If the size of R&Ts influences preference for the crops (1=Yes, 

0=No) 

± 

Quality of R&Ts If the quality of R&Ts influences preference (1=Yes, 0=No) - 

   

Table 3.1: Description of variables used in multivariate probit model (Continued) 

Taste for R&Ts If taste perception for R&Ts influences preference (1=Yes, 

0=No) 

       + 

Preparation time If preparation time for R&Ts influences preference (1=Yes, 

0=No) 

       ± 

1
 Decision-maker is the household member responsible for making food consumption 

decisions 

2
 KES refers to the Kenyan shilling (official Kenyan currency); exchange rate is 1 $US = 

KES. 113.05 

3
 R&Ts = Roots and Tubers 

4
 km = distance in kilometres 
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3.3 Results and discussion 

The majority (52%) of decision-makers were females (Table 3.2), implying that 

household food consumption decisions are made majorly by women, which agrees with 

Wahyudi et al. (2019). Many decision-makers were approaching middle age (approximately 

40 years old) and literate having attained at least secondary school education (with about 13 

years of education). A moderate minority (2.34%) of households received a monthly income 

of over KES. 100,000 implying that a vast majority (97.66%) are low-income earners (Table 

3.2). The respondents had an average of 4 household members and the distance from home to 

market for R&Ts was long (approximately 7 km), agreeing with Gido et al. (2017). The 

respondents agreed that distant markets are within their working environs, therefore 

convenient for buying R&Ts when going home after work. 

Table 3.2: Description of variables and descriptive statistics 

Variable  Mean 

Continuous variables Variable description and their measurements 

Age Age of the decision-maker in years  39.85 

Education Years of education of the decision-maker 12.61 

Household income Monthly income of the decision-maker in KES 31,822.73 

Household size Number of household members 4.31 

Market distance Distance from home to the market outlet for R&Ts (in 

km) 

6.58 

Categorical variables Percent 

Table 3.2: Description of variables and descriptive statistics (Continued) 

Gender % of male decision-makers 47.79 

Nutrition 

knowledge 

% of respondents whose nutritional knowledge influences 

preference for R&Ts 

86.49 

Prices for R&Ts % of respondents who perceive prices of R&Ts are 

affordable 

90.13 

Farming R&Ts % of respondents with their own farm production of 

R&Ts 

25.71 

Culture % of respondents whose culture influence preference for 

R&Ts 

79.22 

Household health % of respondents who prefer R&Ts for health reasons  25.71 

Covid19 % of respondents who consume R&Ts due to the Covid- 74.29 
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19 pandemic 

Preparation time % of respondents who perceive R&Ts take a shorter time 

to prepare 

69.61 

Production 

location  

% of respondents who were concerned about production 

location for R&Ts 

63.90 

Availability R&Ts % of respondents who perceive the availability of R&Ts 

influences preference for the crops 

67.01 

Size of R&Ts % of respondents concerned about R&Ts size 96.10 

Quality of R&Ts  % of respondents who were concerned about R&Ts 

quality 

97.14 

Taste for R&Ts % of respondents who perceive R&Ts taste for R&Ts  

influence preference 

92.47 

 

Generally, the preference levels for R&Ts were relatively high (Figure 3.2), indicating 

importance among urban dwellers and agree with Wiebe et al. (2021). The high preference 

for R&Ts could be attributed to affordability, making them favoured meals for the urban 

poor, whose larger proportion of income goes to food (Onodu et al., 2020). Irish potato and 

sweet potato had the highest preference levels, while arrowroot, cassava, and yam were least 

preferred (Figure 3.2).  
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Figure 3.2: Descriptive statistics on preference level of R&Ts (in percentages) 

To determine the feasibility of the MVP model in analysing the relationship between 

selected R&Ts in consumption, error terms between the binary choice equations for the 

R&Ts were estimated (Table 3.3). Results indicated that 8 pairs were negative, and 

significant out of 10 pair cases; the remaining 2 were positive and insignificant. 

 

Table 3.3: Binary correlation coefficients for multivariate Probit regression equations 

 Irish potato Sweet potato Cassava Arrowroot 

Sweet potato -0.336***    

Cassava -0.284**  0.055   

Arrowroot -0.399*** -0.271*** -0.218**  

Yam  0.076 -0.387*** -0.254** -0.244** 

***, ** = Significant at 1% and 5%, respectively 

 

Estimated correlation coefficients between pairs of R&Ts were different from zero, 

indicating some degree of relationship among the R&Ts under study. The significant negative 

coefficients implied that the R&Ts are substitutes in the household food plate. The findings 

support using an MVP model in the study. The correlation between arrowroot and Irish 

potato was highest, with the least for arrowroot and cassava. 

The MVP model analysis on consumer preference for R&Ts was estimated using the 

maximum likelihood method (Table 3.4). The Wald test of the hypothesis that the regression 

coefficients in all equations are jointly equal to zero was rejected implying the data fit 
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analysis by the MVP model. Additionally, the likelihood ratio test of the null hypothesis for 

the covariance matrix of the error terms across the 5 equations not being correlated was 

rejected, supporting the correlation between the error terms of the R&Ts equations (Table 

3.3), implying that preference for different R&Ts was mutually dependent. 

Of 18 independent variables, 14 had positive or negative significant influences on 

R&Ts preference (Table 3.4). These variables are education, monthly income, distance to the 

market, nutritional knowledge, R&Ts retail prices, own farm production of R&Ts, cultural 

orientation, the prevalence of Covid-19 pandemic, preparation time for R&Ts, production 

location, availability of R&Ts, size, quality, and taste. The remaining 4 independent 

variables, age, gender, household size, and household health, did not influence consumer 

preference for R&Ts. 

Higher levels of education negatively influenced preference for Irish potato by 

decision-makers. Studies on food consumption patterns indicate that convenience and health 

awareness are the main determinants of food preference among educated households. 

Educated households are likely to have formal employment, leaving them with inadequate 

time to prepare meals at home. Such households would probably select food items that take a 

shorter time to prepare, thereby reducing their preference for Irish potatoes which agrees with 

Thorne et al. (2017). 

Increased monthly income negatively influenced preference for Irish potato, and 

positively influenced preference for arrowroot. Irish potato is a staple food in Nakuru county 

where its production and consumption is high. This makes it more affordable especially 

among low-income earners. However, households with larger monthly incomes have high 

purchasing power; their preference for alternative foods is likely high at the expense of Irish 

potatoes. These results agree with Salmensuu (2021) confirming that household income is a 

major determinant of dietary preferences across regions. High-income earners concerned with 

the safety of their diets are likely to prefer consuming arrowroot due to health and nutritional 

benefits. Arrowroot contains high energy, vitamins A, B, and C, and essential elements 

(Saranraj et al., 2019). Its retail price is higher than that of Irish potatoes, therefore affordable 

for households with higher incomes. 
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Table 3.4: Multivariate Probit results on factors influencing consumer preference for roots and tubers among urban households 

 Irish potato Sweet potato Cassava Arrowroot Yam 

 

Variable 

 

Coef. 

Robust 

Std. err. 

 

Coef. 

Robust 

Std. err. 

 

Coef. 

Robust 

Std. err. 

 

Coef. 

Std. err.  

Coef. 

Robust 

Std. err. 

Age     -0.01     0.01    -0.00     0.01     0.01     0.01    -0.00     0.01    -0.00     0.01 

Gender     -0.15     0.16     0.02     0.15     0.06     0.16    -0.02     0.14    -0.02     0.16 

Education     -0.07**     0.03    -0.00     0.03     0.03     0.03    -0.02     0.03     0.02     0.03 

H_hold size     0.01     0.05     0.02     0.05     0.06     0.05     0.00     0.04     0.04     0.05 

Hous_income    -0.41***     0.15     0.03     0.14    -0.01     0.17     0.35**     0.15     0.01     0.18 

Culture      0.67***     0.09    -0.42***     0.09     0.02     0.08    -0.03     0.08     0.16*     0.08 

H_health     0.22     0.14     0.03     0.13     0.10     0.10    -0.01     0.10    -0.08     0.12 

Covid-19     -0.09     0.10     0.02     0.09     0.30***     0.09    -0.04     0.08     0.08     0.09 

Mrkt_dist     0.00     0.01     0.04***     0.01     0.02     0.01    -0.01     0.01     0.01     0.01 

Farm_R&Ts     0.18     0.13    -0.22*     0.11     0.19     0.12     0.20*     0.12    -0.24**     0.12 

Nutri_know     0.01     0.11     0.06     0.11    -0.01     0.10     0.21**     0.10     0.05     0.10 

Prices_R&Ts     0.02     0.09     0.22**     0.10    -0.01     0.10    -0.02     0.09     0.40***     0.14 

Prdn_place    -0.29***     0.09     0.18**     0.08     0.17**     0.08     0.16**     0.07     0.20**     0.08 

Availability    -0.02     0.18     0.37**     0.17    -0.45**     0.20    -0.12     0.17     0.07     0.19 

Size_ R&Ts     0.06     0.13     0.27**     0.13     0.01     0.15     0.18     0.12    -0.08     0.15 

Qlty_R&Ts     0.13     0.12     0.49***     0.14     0.25     0.16     0.35***     0.13     0.00     0.15 

Taste_ R&Ts     0.24*     0.12     0.19     0.12    -0.01     0.14    -0.09     0.12    -0.04     0.12 

Prep_time     0.02     0.10     0.04     0.09     0.16*     0.08     0.10     0.08     0.03     0.08 
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Table 3.4: Multivariate Probit results on factors influencing consumer preference for roots and tubers among urban households 

(Continued) 

Constant     4.83     1.36    -2.32     1.23    -3.21     1.45    -4.69     1.25    -2.40     1.49 

Number of obs  = 385 

Likelihood ratio test of  rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 = 0:  chi
2
(10) =  154.051 

Wald  chi
2
(90) = 918.39 

Prob >  chi
2
 = 0.0000 

***, **, * Significant at 1%, 5% and 10%, respectively 
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Distance to market positively influenced preference for sweet potato. This variable 

affects consumers‟ flexibility in accessing food. Some respondents revealed that far distant 

markets are located within their workplaces and convenient for buying sweet potatoes when 

returning home from work. Findings on sweet potato conforms to the economic theory, which 

postulates the utility obtained from sweet potato consumption to be higher than its searching 

cost (Mukras et al., 2013).This implies that households are more concerned with getting their 

preferred foods than the market distance. However, far market distance constrains access to 

essential foods due to cost and time required for traveling to retail outlets (van Rensburg 

Willem et al., 2007). This finding needs further study. 

Nutritional knowledge among decision-makers positively influenced arrowroot 

preference. Nutritional knowledge provides information concerning diet and health, diet and 

diseases, and the nutritional content of different foods. In this regard, households with 

nutritional knowledge are less likely to prefer foods that are not safe and less nutritious in 

favour of arrowroot which is healthier, secure, and more nutritious. Arrowroot provides 

nutritional and functional benefits to people with celiac disease, encouraging its consumption 

(Amante et al., 2021). Nutritional knowledge enhances utilization of arrowroot due to its 

diverse uses (Francis & Jayalakshmi, 2021). 

Decision-makers who perceived retail prices offered on sweet potato and yam were 

affordable were more likely to prefer them for consumption. Like many other agricultural 

commodities, retail prices for R&Ts fluctuate seasonally, such that during low supply 

occasioned by dry periods, prices go up, making them less affordable among poor households 

(Amaza, 2009). However, the increment in prices for R&Ts is lower than grains and cereals. 

Households would less prefer other foods in favour of sweet potato and yam. There was an 

increased preference for sweet potato and yam as prices of imported carbohydrates such as 

rice and wheat rise (Kathiravan & Churaman, 2021). This was attributed to sweet potato and 

yam acting as substitutes with the increase in prices of competing commodities. 

Own farm production of R&Ts negatively influenced preference for sweet potato and 

yam and positively influenced preference for arrowroot. Households with their own farm 

production of sweet potato and yam are likely to get bored from their frequent consumption 

over time; hence, they would prefer other food items. This could probably be explained by 

the Marshallian law of diminishing marginal utility, where higher consumption levels for 

sweet potato and yam result in utility saturation (Ormazabal, 1995). At the utility saturation 

point, households no longer crave sweet potato and yam and revert to selling excess R&Ts to 
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meet their expenditures and purchase alternative food commodities not produced on the farm. 

However, increased arrowroot preference by households who farmed it was probably due to 

reduced expenditure on food purchases. 

Cultural orientation dictates consumer choices and perceptions towards the type of 

food to consume. Households culture is based on ethnicity, region of origin, and social 

upbringing (Alonso et al., 2018). This variable positively influenced preference for Irish 

potato and yam and negatively influenced preference for sweet potato among households. 

Most households of Nakuru county originate from Irish potato and yam-producing areas and 

likely consume them as staple foods. This is probably because people align their food 

cultures based on region of origin and adoption of diets from other regions (Forsythe et al., 

2017). These results agree with Gwladys et al. (2020) confirming that culture influences food 

choices. Low consumer preference for sweet potato was probably because most urban 

households adopt different food cultures and go for more convenient meals (Gething et al., 

2012). 

Prevalence of Covid-19 pandemic positively influenced preference for cassava among 

households. Due to the fear of this global pandemic, many households incorporate diverse 

meals, including cassava, in their diets to boost body immunity in the fight against the 

disease. Cassava contains vitamins A, B, and C, minerals, essential elements, and 

micronutrients which act as immune boosters (Okareh et al., 2021), especially for populations 

with underlying health risks. This is supported by recent studies that show cassava 

consumption helps in the fight against various diseases (Afolami et al., 2021), including 

Covid-19 (Aman & Masood, 2020). 

Households who perceive that cassava takes a shorter time to prepare are more likely 

to prefer it. However, the time factor that influences cassava preference is probably based on 

cassava variety and the end product by the consumers (Tran et al., 2021). Cassava can still be 

hard even after being cooked for a longer time (Bechoff et al., 2018). 

Decision-makers with concerns for production location of R&Ts were less likely to 

prefer Irish potato but more likely to prefer sweet potato, cassava, arrowroot, and yam. 

Environmental pollution of places where food is farmed raises safety concerns among health-

conscious consumers. Moreover, different regions vary in climatic and soil fertility levels that 

determine the quality of food produced. In this regard, Irish potato produced from 

industrialized regions is likely to harbour toxic and carcinogenic metallic trace elements and 

are less preferred for consumption by households (Ćwieląg-Drabek et al., 2020). Sweet 
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potato, cassava, arrowroot, and yam produced from fertile regions are likely rich in nutrients 

attracting high consumer preference. Households from R&Ts producing areas can identify 

better varieties using product attributes, colour and flesh texture and are more likely to prefer 

them (Barlagne et al., 2017; Forsythe et al., 2017; Villano et al., 2016). 

Availability of R&Ts is more likely to influence preference for sweet potato and less 

likely to influence preference for cassava. Perhaps the different R&Ts give households a 

broader choice of alternatives. Presence of sweet potatoes in the market is more likely to 

attract households who use them to complement other meals (Laurie et al., 2018). Low 

cassava preference is probably due to the negative perception that it is a “poor man‟s food” 

(Reincke et al., 2018). Cassava is characterized by toxic hydrocyanic acid, discouraging its 

preference (Mombo et al., 2017). Households opt for safer alternatives like sweet potatoes. 

The R&Ts size positively influenced preference for sweet potato among households. 

Consumers apparently use size to measure maturity and nutritional content of agricultural 

commodities. Households prefer large-sized sweet potatoes probably because of their high 

dry matter content. Smaller-sized sweet potatoes were watery and fibrous (stringy) and not 

enough for one serving (Baker, 1947; Naico, 2009). 

Quality of R&Ts positively influenced preference for sweet potato and arrowroot. 

Normally, quality perception of agricultural products is revealed in terms of visual 

appearance (level of skin damage and flesh colour). Sweet potato with smooth undented skin 

represents high quality (Villano et al., 2016). Flesh colour for arrowroot influenced its 

preference such that its pure white or pink colour depending on the variety imply freshness 

and perceived to be of high quality (Simi et al., 2016). However, arrowroot preference based 

on colour varies across consumers because of visual perception (aesthetics) differences. 

The taste perception for R&Ts positively influenced preference for Irish potato by 

households. The unique taste of Irish potato allows households to prepare it in different forms 

of preference (baking, roasting, boiling, steaming, frying, and microwaving). Irish potatoes 

which contain large proportions of salt and sugar are highly preferred (Kourouniotis et al., 

2016). The finding conforms with that of Gwladys et al. (2020), who found a positive 

association between potato taste and its preference, especially by urban consumers. 

 

3.4   Conclusion and Recommendations 

This study used an MVP model to assess factors influencing consumer preference for 

selected roots and tubers among urban households in Nakuru County. Based on the survey 
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data collected from all five wards of Nakuru Town East Sub-county, the results show that 

Irish potato, sweet potato, and arrowroot are generally more preferred compared to cassava 

and yam. The low preference for cassava and yam could be attributed to the fear of 

consuming cassava due to cyanide poisoning and lack of knowledge on preparing yam. 

Households with underlying health conditions seem to create a market opportunity that is 

adequately informed about the medicinal benefits of R&Ts. The findings from this study 

reveal increased R&Ts preference among urban dwellers attributed to enhanced awareness of 

their health benefits. The urban poor prefer R&Ts because they are affordable and cheap 

sources of starch, carbohydrates, calories, and essential elements. R&Ts are sources of 

income among urban households who produce and sell them from their own farms (see 

Appendix I: Publication abstract).  

Higher-income households likely have higher purchasing power to incorporate R&Ts 

in their diet. Decision-makers with high monthly incomes are more likely to prefer arrowroot, 

which retails at a higher price than other R&Ts, probably because they can afford it. 

Moreover, due to the consumption of highly processed foods, high-income earners are 

probably prone to dietary-related diseases such as diabetes and cancer; hence opt to consume 

safer foods (in this case, arrowroot). The cultural orientation of the households influenced 

preference for R&Ts. Therefore, it highlights the importance of developing R&Ts promotion 

strategies that align with the respondents‟ cultural values.  

More awareness campaigns should be done to sensitise households to embrace other 

R&Ts diets outside their cultural bound. The sensitisation could be based on the nutritional 

benefits of R&Ts and different methods of preparation by households. The sensitisation 

should involve consumer and producer organisations and the government through relevant 

ministries by ensuring the availability of improved R&Ts varieties that captures the 

heterogeneous needs of consumers. Moreover, value-addition strategies for R&Ts will ensure 

their prolonged shelf life, facilitating a continuous supply of high-quality R&Ts in the market 

throughout the year. The continuous supply of crops alongside the introduction of price 

control policies by the government, such as; a price ceiling (the maximum chargeable price); 

and a price floor (the minimum chargeable price), could help stabilise food prices in the 

market therefore, improving human diet and food security in the long run. Incorporating 

R&Ts in the households‟ diets is in line with the government‟s commitment to achieving 

food and nutrition security, which is one of the pillars of the big four policy agenda of the 

government of Kenya. 
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This study is based on cross-sectional data, but consumer preferences are dynamic, as 

shown in the literature. From a future survey perspective, it is vital to collect data over time 

to understand consumer behaviour and capture the dynamics of some of the independent 

variables that influence preference for R&Ts. 
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CHAPTER FOUR  

CONSUMPTION FREQUENCY FOR SELECTED ROOTS AND TUBERS AMONG 

URBAN HOUSEHOLDS 

Abstract 

With the ever-increasing population suffering from hunger and malnutrition, frequent 

consumption of roots and tubers (R&Ts) is likely to improve household health and nutritional 

status. Roots and tubers contribute to improved nutrition, provide medicinal benefits and are 

a cheaper source of carbohydrates, vitamins, and minerals hence much affordable for urban 

poor households. Despite their highlighted benefits, R&Ts consumption levels among urban 

consumers have reduced significantly and the reasons for the decline remain unknown. 

Assessing households‟ consumption frequency for R&Ts is essential in enhancing their 

utilisation. This study evaluated factors influencing consumption frequency for selected 

R&Ts among urban households of Nakuru county, Kenya using a negative binomial 

regression (NBR) model. A stratified multistage sampling technique was employed to select a 

random sample of 385 urban respondents, and data were collected using a pretested semi-

structured questionnaire. The mean consumption frequency for R&Ts was seventeen times a 

month. Household size, monthly income, household health, farming of R&Ts, nutritional 

knowledge, and availability of different types of R&Ts influenced their consumption 

frequency among urban households. In this regard, R&Ts value addition strategies such as 

peeling, washing, drying, packaging and labelling could increase their acceptance as 

convenient foods among urban dwellers. Food policies such as promoting access to healthy 

foods that improve R&Ts supply chain efficiency could increase production and 

consumption, consequently broadening the food base at household and national levels. 

 

Keywords: Consumption frequency, household consumption, malnutrition, negative 

binomial regression, nutrition security, root and tuber crops, urban households. 

 

4.1   Introduction 

As the human population increases, pressure mounts on the global food system 

resulting in hunger and malnutrition thereby affecting millions of people, especially in the 

developing world. Hunger and malnutrition indicate inadequate consumption of fruits and 

vegetables, roots and tubers included (FAO et al., 2020; Ogbonna et al., 2017). For instance, 

the recommended World Health Organization‟s (WHO) minimum consumption of fruits and 
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vegetables is 400g per person per day (Mason-D‟Croz et al., 2019). However, Sub-Saharan 

Africa (SSA) is a specific area of concern, with projections suggesting that by 2050 around 

1.9 billion people could be consuming low than the recommended levels of R&Ts per person 

per day (Mason-D‟Croz et al., 2019). In Kenya, approximately 48 per cent of the urban 

households consume insufficient amounts of R&Ts (Mohamed et al., 2021; Wanyama, 2019), 

likely resulting in micronutrient deficiencies, stunted growth, impaired cognitive 

development, and susceptibility to diseases.  

Roots and tubers found in SSA, Asia, and the Americas include Irish potato (Solanum 

tuberosum L.), sweet potato (Ipomoea batatas L. Lam.), cassava (Manihot esculenta Crantz), 

arrowroots (Maranta arundinacea L.), and yam (Dioscorea alata L.) (MoALFI, 2019). They 

are the second most highly regarded food after cereals and play a significant role in 

sustainable production and consumption contributing to food and nutrition security at the 

household and national level (Gweyi-Onyango et al., 2020; Onodu et al., 2020). Moreover, 

an estimated 300 million poor people in developing countries rely on R&Ts for consumption 

and income generation (Thiele et al., 2017).  

Roots and tubers global production is projected to reach 1400 million tons by 2050, 

with SSA accounting for the largest proportion (Petsakos et al., 2019; Thiele & Friedmann, 

2020). In Kenya, their production was estimated at 3,684,000 metric tonnes (MT) in 2018 

compared to 2,419,000 MT in 2015. Unlike production, there is insufficient current aggregate 

R&Ts consumption data. However, using Irish potato consumption data as a proxy or 

representative measure, it is evident that their consumption in the country has declined. For 

instance, Irish potato consumption reduced from 2,507,000 MT in 2012 to 1,714,000 MT in 

2019 (Helgi Analytics, 2022; MoALFI, 2019). This drop in R&Ts consumption is an 

indication that their consumption frequency has also reduced and could be attributed to a shift 

in consumption patterns favouring low-cost imports, exotic foods, and conveniently prepared 

alternatives. Moreover, their high perishability and lack of efficient value-addition strategies 

to prolong their shelf life further discourage consumption since consumers cannot purchase 

them in bulk, like grains and cereals. Therefore, R&Ts remain some of the most underutilised 

foods among many urban dwellers (Dawson et al., 2009).  

However, due to their unique characteristics such as; diverse maturity cycles, broader 

agroecological adaptation, and underground storage ability that allow for flexible harvesting 

duration, R&Ts have the potential of addressing hunger and essential element deficiency 

(malnutrition), especially in the developing world. As the primary source of cheap 
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carbohydrates, they provide high energy and nutritional value per unit, contribute phenolic 

compounds, minerals (potassium, magnesium, calcium, and sodium), trace elements (iron, 

manganese, and zinc), and vitamins A, B, and C (Dawson et al., 2009; MoALFI, 2019; 

Suárez et al., 2016). In addition, when frequently consumed at moderate intervals, they 

provide medicinal benefits that curb dietary-related diseases such as obesity and diabetes 

(Chandrasekara & Kumar, 2016; Gayao et al., 2018; Niehof et al., 2018; Saranraj et al., 

2019). 

Roots and tubers are consumed as staple foods during breakfast, lunch and dinner (de 

Sousa et al., 2019), therefore forming the majority of delicacies by households across the 

world‟s tropical regions. More often, R&Ts serve as complements, substitutes, seasonal 

vegetables during famine, and meals for special occasions. For instance, cassava, sweet 

potato, and arrowroot substitute or complement cereals and wheat products (Chandrasekara & 

Kumar, 2016). The majority of R&Ts are consumed fresh or boiled, steamed, fried, roasted 

and mashed to form puree and often eaten with rice, leafy vegetables, and stew. Moreover, 

starch from R&Ts such as Irish potato and arrowroot are readily digestible, therefore, used to 

prepare food for infants (Dereje et al., 2020; MoALFI, 2019). Thus, the regular inclusion of 

different R&Ts recipes in household diets could significantly explain their consumption 

frequency. Menza et al. (2014) revealed that R&Ts consumption ranges from daily to several 

times a week, with an average of about one kg of the crops being consumed per person per 

day. Similarly, Low et al. (2009) intimated an average R&Ts consumption frequency of two 

to four times a week. 

Despite this, R&Ts consumption is constrained by socio-demographics, institutional, 

economic, cultural, and food characteristics (Baek & Chitekwe, 2019; Mbwana et al., 2016). 

For instance, an increase in income allocated to R&Ts expenditures increases the likelihood 

of their consumption frequency (Adeosun et al., 2017). Furthermore, preparation skills and 

nutritional knowledge significantly influenced the diverse consumption counts of R&Ts 

(Ochieng et al., 2017). Teweldemedhin and Mulonda (2016) revealed that family size 

positively influenced consumption frequency for R&Ts. Older respondents consumed R&Ts 

more frequently than younger ones (Lacaze et al., 2012). Taste perception has a significant 

influence on R&Ts consumption; that is, the tastier the vegetable, the more it was consumed 

(Gwladys et al., 2020). Moreover, perceived nutritional value plays a significant role in how 

often R&Ts are consumed (Bechoff et al., 2018).  
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Strategies for enhancing nutrition security have emphasised the inclusion of R&Ts in 

the household dietary diversity to reduce overreliance on cereal-based foods facing supply 

disruptions during the  Covid-19 pandemic and climate change (Muthamilarasan & Prasad, 

2021). Increasing R&Ts consumption frequency is a strategic way of addressing 

micronutrient deficiency and dietary-related diseases since they contain adequate essential 

elements, vitamins and minerals that are inadequate in grains and cereals (Birol et al., 2015). 

However, the low R&Ts consumption levels and frequency do not guarantee the highlighted 

benefits (Mohamed et al., 2021; Wanyama, 2019). 

From the preceding, the study evaluates the role of socio-economic, institutional, and 

product attributes in influencing consumption frequency for selected R&Ts crops among 

urban households. This paper contributes to the limited literature on applying count model 

analysis in R&Ts consumption. To our knowledge, this is the first study to use the NBR 

model in analysing consumption counts for R&Ts among urban residents. Another unique 

aspect is the application of a one-month exposure period leading to non-zero R&Ts 

consumption, implying that the respondents‟ time frame (exposure period) affects the final 

estimates and determines the type of count model to use. Findings from the study identify 

new evidence of the policy-relevant variables influencing R&Ts consumption which could 

inform food policy formulation through relevant authorities as they seek to increase R&Ts 

consumption frequency to enhance food and nutrition security and curb other dietary-related 

diseases, especially among urban households. 

 

4.2   Materials and Methods  

4.2.1   Study area and sampling design 

The study was undertaken in Nakuru Town East Sub County in Nakuru county, 

Kenya. The sub-county covers an area of 230.9 square km and is inhabited by 193,926 

people, distributed within a population density of 840 persons per square km (KNBS, 2019). 

This sub-county has five wards; Biashara, Kivumbini, Menengai, and Nakuru East and enjoys 

a temperate climate all year round. It lies between longitude 36⁰ 3′6″ East and 36⁰ 9′45 ″ East 

and Latitude 0°
 
15′ 36″

 
South and 0°

 
30′ 0″

 
South, at 1,850 m above sea level. The sub-county 

hosts major agricultural retail and wholesale markets and serves consumers from within and 

outside the county (NCIDP, 2018). Moreover, it hosts Kenya‟s largest retail and wholesale 

chains of supermarkets: Quick Mart, Naivas, and Gilani‟s supermarkets, convenient markets 

for R&Ts. Since agriculture is not the main socio-economic activity of this sub-county, the 
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residents rely on food supplies from other regions. Therefore, the area is strategically located 

for conducting the study. 

Respondents were selected using a stratified multistage sampling technique. The first 

stage used a purposive selection of Nakuru County due to the heterogeneous nature of 

consumers. The second stage purposively selected Nakuru Town East Sub-County because it 

hosts the largest number of R&Ts markets. In the third stage, R&Ts markets were stratified 

into supermarkets, organised open-air markets, and roadside stalls across all Nakuru Town 

East Sub County wards. The fourth stage employed a mixed sampling technique divided into 

two categories. The first category applied judgmental sampling because the population of 

R&Ts consumers in the study area was infinite with unknown ward distribution (Kothari, 

2004). Respondents were distributed evenly across the selected markets and in all wards. The 

second category used random sampling to select an equal number of respondents from each 

market outlet across the wards (Kothari, 2004).  

The sample size was obtained using Kothari (2004) approach, and data were collected 

from mid-April to the end-April 2021, where 385 respondents were selected and spread 

equally across all the R&Ts markets in all wards. For research clearance in Kenya, the 

National Commission for Science, Technology, and Innovation and Ethics research permits 

attached in Appendix K: Research Permit were sourced from responsible authorities. 

Pretesting the questionnaires was done to assess the suitability and feasibility of the data. 

After correcting anomalies in the data tool, well-trained enumerators used the semi-structured 

questionnaires attached in Appendix L: Household Questionnaire to collect primary data. 

Respondents were interviewed immediately after buying R&Ts at the market outlets.  

The information collected from the respondents includes decision-makers‟ gender, 

age, years of schooling, household size, income level, distance to the market, frequency of 

R&Ts consumption (recall of one month), availability of R&Ts, respondents‟ perceptions 

regarding R&Ts retail prices, and R&Ts characteristics. According to MoALFI (2019), the 

main roots and tubers identified as commonly produced and consumed in Kenya include Irish 

potatoes (Solanum tuberosum L.), sweet potatoes (Ipomoea batatas L. Lam.), cassava 

(Manihot esculenta Crantz), arrowroots (Maranta arundinacea L.), and yams (Dioscorea 

alata L.). Therefore, information on all 5 R&Ts was collected. Respondents‟ quality 

perception and nutritional knowledge of R&Ts were assessed using the questions „„Does the 

quality of R&Ts influence their consumption frequency?‟‟ and “Does nutritional knowledge 

influence R&Ts consumption frequency?”. The responses were categorised as “Yes = 1” and 
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“NO = 0”. Further questions then accompanied this on the positive response (Yes), where 

respondents selected essential nutrients found in various R&Ts. The collected data were then 

entered, coded, and data entry errors removed, followed by diagnostic and econometric 

analysis of the model using Stata 12 (StataCorp, 2014) computer program. 

 

4.2.2   Econometric modelling of factors influencing consumption frequency of R&Ts 

Consumption frequency in this study was measured as the number of times a 

household consumed R&Ts in the past one month regardless of the type of R&T crop 

because of variations in consumer taste and preferences. Nutritional benefits obtained from 

the consumption of R&Ts can be achieved by maintaining regular consumption intervals. 

This is important, especially in developing countries suffering from hunger and malnutrition. 

The duration of 1 month was presumed adequate for analysing consumption frequency for 

R&Ts because many household budgets their consumption expenditure monthly. The 

estimated results could be helpful in policy formulation for enhancing R&Ts consumption. 

Therefore, count data models were preferred in this study to evaluate consumption frequency 

for R&Ts (Gujarati & Porter, 2004). The survey analysed all the four-count models to 

identify the one that best fits the study. 

The standard Poisson regression model was the first to be analysed (Gujarati & Porter, 

2004). However, the model suffered from an over-dispersion problem where its conditional 

mean was lower than its variance function, violating its basic assumption. The test for over-

dispersion was conducted using Deviance and Pearson goodness of fit tests, as explained in 

the results and discussion section. The limitation was addressed using the advanced negative 

binomial regression (NBR) model (Greene, 2002). The NBR model ran and passed all the 

goodness of fit tests such as; the lower Akaike information criterion (AIC) and Bayesian 

information criterion (BIC), implying the NBR was more appropriate than the standard 

Poisson. Higher models were analysed to ascertain the validity and feasibility of the NBR. 

The third model was the zero-inflated Poisson (ZIP) model. Unfortunately, it suffered from 

an over-dispersion problem of the data set as revealed by Deviance and Pearson goodness of 

fit tests, where the observed response variance was greater than the conditional mean (Gurmu 

& Trivedi, 1996; Mullahy, 1986). The fourth to be analysed was the zero-inflated negative 

binomial (ZINB)  model (Minami et al., 2007). However, the model failed because the data 

lacked zero consumption counts for R&Ts for the one-month exposure time. Moreover, the 

goodness of fit tests (AIC and BIC estimates) had higher values than the previous models. 
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Comparing the AIC and BIC values for all four models suggested using the NBR model, 

which passed all the necessary goodness of fit tests and had lower AIC and BIC values. 

Therefore, the NBR was used and is shown in equation (4.1); 
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                 (4.1) 

where ( | , )q y
i i
   is the probability function on non-negative integers, y

i
 is the 

consumption outcome for household i , 
i

 is the mean incidence rate y   per unit of 

exposure. Exposure may be space, time, distance, volume, area, or population size.   is the 

precision or size parameter (.) is a gamma distribution function. i are log-likelihood 

functions represented by 'ln Bi i  , such that, B
i
 is the row vector of covariates and   is 

the parameter estimate. 

Table 4.1: Description of variables for the Negative Binomial regression model 

Variables Description and measurement  sign 

Dependent variable 

Cons_frequency Number of times a household consumed R&Ts in a 

month  

 

Independent Variables 

Age Age of the decision-maker in years (continuous) ± 

Gender Gender of the decision-maker (1=Male; 0=Female) ± 

Education Years of education of the decision-maker(continuous) ± 

Household size Number of household members (continuous) ± 

Household 

Income 

Monthly income of the decision-maker in KES (continuous) ± 

Culture If cultural orientation influence consumption frequency for R&Ts 

(1=Yes, 0=No) 

± 

Household 

health 

If the health condition of the household members influences 

consumption frequency for R&Ts (1=Yes, 0=No) 

± 

Covid-19 If the Covid-19 pandemic influences consumption frequency for 

R&Ts (1=Yes, 0=No) 

± 

Market distance Distance from home to the market outlet for R&Ts (in Kilometres) - 

Farming R&Ts Whether the household farms on R&Ts (1=Yes, 0=No) ± 
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Table 4.2: Description of variables for the Negative Binomial regression model (Continued) 

Nutrition 

knowledge 

If nutritional knowledge influences consumption frequency for 

R&Ts (1=Yes, 0=No) 

± 

Prices for R&Ts If price variation influences consumption frequency for R&Ts 

(1=Yes, 0=No) 

± 

Production place If the place of production for R&Ts influences consumption 

frequency (1=Yes, 0=No) 

± 

Availability  

R&Ts 

If the availability of different types of R&Ts in the market 

influence consumption frequency for the crops (1=Yes, 0=No) 

± 

Size of R&Ts If the size of R&Ts influences consumption frequency for the 

crops (1=Yes, 0=No) 

± 

Quality of R&Ts If the quality of R&Ts influences consumption frequency (1=Yes, 

0=No) 

- 

Taste for R&Ts If taste perception for R&Ts influences consumption 

frequency (1=Yes, 0=No) 

       + 

Preparation time If preparation time for R&Ts influences consumption 

frequency (1=Yes, 0=No) 

       ± 

 

The socio-economic, institutional, and product-related characteristics used as 

covariates in analysing factors influencing consumption frequency for selected roots and 

tubers among urban households of Nakuru County were derived from previous studies (Fang 

et al., 2019; Gido et al., 2015, 2017; Gitonga, 2013; Kimambo et al., 2018; Lacaze et al., 

2012; Minami et al., 2007; Saghaian & Mohammadi, 2018; Teklewold et al., 2013; Wahyudi 

et al., 2019). The choice of dependent and independent variables is shown in Table 4.1. 
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4.3   Results and discussion 

4.3.1   Descriptive results 

Descriptive and summary statistics (indicate that majority of the respondents were of 

middle age and literate, having attained secondary school level. Many of the decision-makers 

were females, probably because food consumption decisions are made mainly by women 

which agrees with Wahyudi et al. (2019).  

 

Table 4.3: Description of variables and descriptive statistics 

Variable Description of variables and their measurements Mean 

Continuous variables                                              

Age Age of the decision-maker in years  39.85 

Education Years of education of the decision-maker 12.61 

Household Income Monthly income of the decision-maker in KES 31,822.73 

Household size Number of household members 4.31 

Market distance Distance from home to the market outlet for R&Ts (in km) 6.58 

Categorical variables Percentage 

Gender % of male decision-makers 47.79 

Nutrition 

knowledge 

% of respondents whose nutritional knowledge influences 

the frequency of consumption for R&Ts  

86.49 

Prices for R&Ts % of respondents who perceive prices of R&Ts are 

affordable 

90.13 

Farming R&Ts % of respondents with their own farm production of R&Ts 25.71 

Culture % of respondents whose culture influence preference for 

R&Ts 

79.22 

Household health % of respondents who prefer R&Ts for health reasons  25.71 

Covid-19 % of respondents who consume R&Ts due to the Covid-19 

pandemic 

74.29 

Preparation time % of respondents who perceive R&Ts take a shorter time to 

prepare 

69.61 

Production place  % of respondents who were concerned about the 

production place for R&Ts  

63.90 

Availability  R&Ts % of respondents who perceive the availability of different 

types of R&Ts influence consumption of the crops 

67.01 
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Size of R&Ts % of respondents concerned about the size of R&Ts 96.10 

Quality of R&Ts  % of respondents concerned about the quality of R&Ts 97.14 

Taste for R&Ts % of respondents who perceive taste for R&Ts  influence 

frequency of consumption  

92.47 

A majority of the decision-makers earned low incomes and had fewer household members. 

Distance from the residence to the R&Ts market was reasonably long (approximately 7km). 

However, the respondents argued that these distant markets were convenient for accessing 

diverse and high-quality R&Ts, which agrees with Gido et al. (2017). Households‟ culture 

and an outbreak of the Covid-19 pandemic influenced frequent consumption of R&Ts 

probably due to their medicinal benefits (CIP, 2020). 

The average consumption frequency of R&Ts among urban households was seventeen 

times a month (Table 4.4). The monthly maximum R&Ts consumption count was 85 

because; Consumption frequency was a summation of R&Ts meal counts for each of the 

selected five crops. The study focussed on the number of R&Ts meals consumed in a month 

rather than the number of days. Finally, some households reported having consumed up to 

four R&Ts meals in a day; Therefore, likely to result in higher monthly counts. This could be 

attributed to varying dietary habits among households (Ferraro et al., 2016). For instance, 

households recording higher consumption frequency for R&Ts utilised them as a substitute 

for wheat products during breakfast and food for infants throughout the day. Roots and tubers 

complemented other meals during lunch and supper, acting as staple food among households. 

On the lower counts, no zero consumption level was revealed during the survey implying that 

all households consumed R&Ts at least once per month. 

Table 4.4: Monthly consumption frequency of R&Ts meals among households 

Variable Statistics Obs. Mean St. Dev. Min Max 

      

Cons_frequency 385 17.22 11.12 1 85 

 

4.3.2   Determinants of consumption frequency for R&Ts 

Four count models were estimated consecutively to identify the model that best fits 

the data in explaining consumption frequency for R&Ts. The standard Poisson model was 

estimated first (Table 6.1). To determine its appropriateness, a test for goodness of fit was 

done (Table 6.2B) and a test for over dispersion (Table 6.3C). For comparison, NBR model 

was estimated (Table 4.5). Its results revealed an over dispersion problem because the 
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likelihood ratio test was significant, as shown by alpha greater than zero, implying NBR was 

more appropriate than the standard Poisson model. Estimation of AIC and BIC was done to 

ascertain the goodness of fit for the NBR model (Table 6.4). Lower values of either AIC or 

BIC indicate a better fit. The lower AIC and BIC values for NBR suggested that it was 

preferred to the standard Poisson model. 

The third level estimated the ZIP model (Table 6.5). ZIP model results did not display 

the z-test for Vuong because the model crushed; therefore, the appropriateness of the model 

over the Poisson could not be ascertained. The model returned the message “Cons_frequency 

never equal to zero; use Poisson instead,” implying that it was not a significant improvement 

over the standard Poisson model. The possible reasons for the ZIP model crushing were the 

lack of zero consumption counts and the over-dispersed data that the ZIP model could not 

handle. Additionally, estimating the fit statistics for AIC and BIC indicated that the ZIP 

model was not preferred over NBR (Table 6.7). Finally, the ZINB model was estimated 

(Table 6.8), where the model fit was tested and compared to the NBR. The zip option tests for 

an alpha of zero had a significant likelihood ratio test, implying that the ZINB was more 

appropriate than the ZIP model. The z-test for Vuong was insignificant, indicating that the 

ZINB was not a significant improvement over the NBR model. A further comparison of 

model fit for all the four regression models (Table 6.10) indicated that the NBR model was 

more suitable for this study; therefore, it was adopted. The NBR results are shown in Table 

4.5. Several variables significantly influenced the consumption frequency of R&Ts among 

urban households.    

Household size significantly and positively influenced consumption count for R&Ts 

by decision-makers. Larger households require high quantities of food resulting in increased 

expenditure on meals. Roots and tubers are generally more affordable than other food items, 

therefore more likely to be frequently consumed in large households. Similarly, Zani et al. 

(2019) found that households with many members were more likely to increase the 

consumption of starchy staples (cassava in this case) than smaller households. This was 

attributed to less cost incurred in purchasing enough cassava for a larger family. Contrary, 

Villano et al. (2016) found a negative association between household size and consumption 

of sweet potatoes because they retailed at higher prices, therefore expensive to feed large 

families. 

Increased monthly income significantly and positively influenced consumption 

frequency for R&Ts among households. High-income earners have higher purchasing power 
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and are more likely to incorporate R&Ts in their dietary diversity and quality (Mmasa et al., 

2012). The results agree with  Sanusi and Babatunde (2017) confirming a positive 

relationship between household income and consumption of sweet potatoes possibly for the 

same highlighted reason. Moreover, Zani et al. (2019) found household income to positively 

influence cassava consumption because it is a staple food, attracting more spending. 

However, according to Engel‟s Law, the increase in food spending is at a lower proportion 

than an increase in income (Mansfield, 1982). Higher levels of income enable incorporation 

of R&Ts into households‟ dietary systems improving their nutritional quality.  

Table 4.5: NBR model results on factors influencing consumption frequency for R&Ts 

Factor categories Variables for Cons_frequency Coef. Std.Err. 

Socio-economic 

factors 

Age -0.003 0.003 

Gender -0.057 0.052 

Education -0.007 0.009 

Household size 0.047*** 0.015 

Household income 0.140*** 0.053 

Culture -0.002 0.028 

Household health 0.069* 0.037 

Covid-19 0.012 0.029 

Institutional factors 

Market distance -0.003 0.004 

Farming R&Ts 0.139*** 0.040 

Nutrition knowledge 0.095*** 0.036 

Prices for R&Ts 0.006 0.035 

Production place -0.023 0.026 

Availability  R&Ts -0.124** 0.063 

Product related factors 

Size of R&Ts 0.054 0.047 

Quality of R&Ts 0.039 0.045 

Taste for R&Ts 0.060 0.040 

Preparation time 0.009 0.028 

Constant 0.951** 0.461 

/lnalpha -1.713 0.095 

Alpha 0.180 0.017 

LR test of alpha=0: chibar
2
(01) =  692.240                                    Prob >= chibar

2
  = 0.000*** 

LR test for the model chi
2
(18)   =  150.750                                      Prob > chi

2
       = 0.000***           

Akaike crit. (AIC)                      =  2680.703                         Bayesian crit. (BIC)   =  2759.768      
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Households‟ health status significantly and positively influenced the frequency of 

R&Ts consumption. Households with pre-existence health conditions are cautious of their 

diets (de Ridder et al., 2017); Therefore, they are more likely to consume R&Ts known to 

boost body immunity in the fight against various diseases. Discussions with the respondents 

revealed that the medicinal benefits of R&Ts increased their frequency of consumption 

among households. For instance, sweet potato consumption has been promoted due to its 

distinct nutritional and health properties (Gething et al., 2012). Wallace et al. (2020) found 

similar results where sweet potato and white potato were more accepted for consumption 

among households suffering from dietary-related diseases (diabetes, obesity, and cancer) 

because of their medicinal properties. 

Own farm production of R&Ts by households was more likely to influence 

consumption count for the crops at a 1% significant level. Farming of R&Ts by urban 

dwellers is a survival tactic, especially by the poor, who are net food buyers and suffer when 

prices of food items go up. Through this strategy, urban households producing R&Ts from 

their own farms; either urban farming or rural farming, are likely to increase the consumption 

frequency of the crops compared to those who buy them in the market due to reduced food 

expenditure. Moreover, the excess R&Ts can be sold to generate household income and 

purchase alternative food items not produced on the farm, therefore improving their dietary 

system (Petsakos et al., 2019; Tasciotti & Wagner, 2015), contributing to household‟s food 

and nutrition security (Cohen & Garrett, 2010). 

Nutritional knowledge among decision-makers significantly and positively influenced 

consumption frequency for R&Ts a 1% significant level. Nutritional knowledge provides 

dietary information that enables households to diversify their consumption plans by making 

food choices that improve metabolism and life quality (Olatona et al., 2019). Through 

enhanced nutritional knowledge, decision-makers know the recommended daily consumption 

of different food items enabling them to consume a balanced diet by incorporating R&Ts in 

meals. Moreover, nutritional knowledge assists households in selecting R&Ts with high 

nutritive value and developing different recipes which are acceptable to all the family 

members. This finding corroborates with that of Villano et al. (2016), who found a positive 

association between nutritional knowledge and consumption of sweet potato, attributed to its 

role in curbing malnutrition.  

The availability of different types of R&Ts is less likely to influence their 

consumption frequency. Perhaps because of exposure to a wide variety of foods many urban 
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households have shifted their consumption trends from traditional diets (R&Ts in this case) in 

favour of other food items that are more convenient to prepare (Cockx et al., 2019). 

Consequently, as time goes by, households are less aware of selecting the best quality R&Ts 

and how to prepare them for meals. As to health impact, R&Ts such as cassava possess 

antinutrients (cyanide) which are likely to cause various ailments, further discouraging its 

consumption. The fear of contracting thyroid syndrome due to cassava consumption and 

gastrointestinal disorders caused by sweet potato consumption creates a negative perception 

of R&Ts  among households, therefore reducing their consumption (Koostanto et al., 2016). 

Moreover, some arrowroot varieties are suspected of harbouring toxic substances, while 

others have a bitter taste. The highlighted adverse effects associated with some R&Ts 

varieties, coupled with lack of information concerning the benefits of the crops, create an 

overall negative perception, discouraging their consumption. There is a need to enhance 

awareness of the nutritional benefits of different R&Ts to boost their consumption frequency 

(Hunter et al., 2019; Laurie et al., 2018).  

 

4.4   Conclusions and Recommendations 

 The study evaluated determinants of consumption frequency for selected roots and 

tubers among urban households using a negative binomial regression (NBR) model. Findings 

indicated a mean consumption frequency of 17 R&Ts meals in a month; therefore, significant 

in the diets of many urban households. Larger households had a higher consumption 

frequency of R&Ts attributed to their affordability. Increased monthly income positively 

influenced consumption counts for R&Ts, probably because of the household‟s higher 

purchasing power. Households with underlying health conditions had a higher frequency of 

R&Ts consumption because of their medicinal benefits. Own farm production of R&Ts by 

households reduced food expenditure, increasing the crops‟ consumption frequency. 

Decision-makers with nutritional knowledge had a high consumption count for R&Ts, while 

the availability of different types of R&Ts had a contrary effect. 

 The findings from this study have food policy implications that seek to enhance 

consumer awareness of nutritional benefits of R&Ts consumption, various methods of 

preparing them, and increasing diversity of the crops in food systems. Through sensitisation 

programs, knowledge regarding R&Ts is passed to households, increasing their consumption 

frequency. This can be achieved by circulating information through training, advertisements 



52 
 

on social, mass, and print media, producer and consumer organisation workshops, and 

roadside campaigns conducted in local dialects to reach as many households as possible. 

 Roots and tubers value addition strategies that involve peeling, washing, drying, and 

packaging them in properly labelled containers could enhance their marketability. 

Additionally, these strategies could save time required at the initial R&Ts preparation stages 

before cooking among urban consumers. Finally, food policies such as promoting access to 

healthy foods that improve R&Ts supply chain efficiency could increase their production and 

consumption, broaden the food base, and contribute to households‟ and national nutritional 

security. This study recommends a need for similar future research that could consider 

consumer choice of market outlet for R&Ts, which might affect their behavioural preference 

regarding availability and accessibility of the crops.  
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CHAPTER FIVE  

DEMAND ANALYSIS FOR SELECTED ROOTS AND TUBERS AMONG URBAN 

HOUSEHOLDS 

Abstract 

This study examines Kenya‟s demand for selected roots and tubers (R&Ts). Data used for the 

analysis were collected from Nakuru Town East Sub-County. A sample unit of 385 urban 

households was interviewed at the market outlet immediately after purchasing R&Ts. Linear 

Approximated Almost Ideal Demand System (LA/AIDS) model was used to estimate demand 

elasticities, demographics and social-economic factors influencing the consumption patterns 

of R&Ts. Age, education, household size, and proportion of household members statistically 

and significantly explained the variations in R&Ts consumption patterns. Empirical results 

showed negative own-price elasticities for uncompensated and compensated demand 

analyses, therefore in line with utility theory. Cross-price elasticities had positive and 

negative signs, indicating the presence of substitutes and complements respectively among 

R&Ts. Expenditure (income) elasticities for R&Ts had mixed signs ranging from elastic to 

inelastic. Irish potato and sweet potato were inelastic, with a positive sign classifying them as 

necessities goods. Cassava and yam were inelastic with a negative sign indicating they were 

inferior goods, while arrowroot was positive and elastic, therefore a luxury good. These 

results are broadly consistent with microeconomic theory; consequently, they could inform 

formulation of effective income growth policies such as raising the minimum wage rate and 

strategies that promote R&Ts consumption, thereby contributing to household food and 

nutritional security. 

 

Keywords: Budget shares; consumer demand; household consumption; linear approximated 

almost ideal demand system; root and tuber crops. 

 

5.1   Introduction 

The importance of roots and tubers (R&Ts) in income generation, sustainable 

development, and food and nutrition security cannot be overemphasized, especially in 

tropical countries. In most developing countries, R&Ts are the second most important crop 

after cereals (Kennedy et al., 2019), contributing to the global food systems (Wijesinha-

Bettoni & Mouillé, 2019). They are cheap sources of carbohydrates, vitamins A, B, and C, 
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and essential elements, iron, zinc, and calcium, and serve as staple foods worldwide (Dotto et 

al., 2018). They store carbohydrates as starch in roots, tubers, corms, rhizomes, and stems 

consumed as human food, animal feeds, and raw materials in agro-based industries.  

In the past few decades, R&Ts production has been increasing, especially in Sub-

Saharan Africa (SSA) (Polar et al., 2022; Rusike et al., 2010; Scott, 2000). Moreover, by 

2050, the global production of R&Ts is projected to increase by 50%, especially in 

developing countries (Rosegrant et al., 2017; Thiele & Friedmann, 2020). This increase will 

be driven by the ability of these crops (cassava, arrowroot, and sweet potato) to grow under 

harsh climatic conditions, which gives them a competitive edge over other foods therefore 

consumed as “famine reserve” crops (Petsakos et al., 2019). Their demand among households 

in many developing countries increases during the famine season as complements or 

substitutes to scarce staple cereals. The perception that R&Ts are healthy, nutritious, and 

supply high energy per unit consumed than cereals further increases their demand among the 

undernourished population who derive 50% of their daily calorie intake from R&Ts 

consumption (FAO, 2017). Further, the demand for R&T is fuelled by the increasing 

population growth, urbanisation, and shifts in lifestyles as households seek to bridge the 

nutritional gap created by the food demand deficit. R&T are often used as a cheaper source of 

carbohydrates, vitamins, and minerals (Rosegrant et al., 2017; Scott et al., 2000).  

Despite the highlighted benefits from R&Ts in meeting food requirements, their 

demand in Kenya is still below the country‟s potential (MoALFI, 2019). Moreover, there is 

insufficient data on current demand for R&Ts. Producers respond to market forces by 

reducing the production of agricultural commodities when the demand is low. For instance, 

proxy measures reveal that lack of market for cassava constrains its production by 13-23% 

(Githunguri & Njiru, 2021). This could be attributed to their bulkiness, perishability, fear of 

cyanide poisoning (a toxic substance) produced by cassava, and shifts in consumption trends 

from traditional meals favouring more conveniently prepared alternatives.  

Several studies have been conducted on food demand patterns (Gabriel et al., 2017; 

Korir et al., 2020; Musyoka et al., 2010, 2014). Moreover, demand analysis in most studies 

has mainly been biased towards aggregate food items than single foods. Few of these studies 

have focussed on R&Ts demand (Rono et al., 2017; Rozi et al., 2021). Though R&Ts play a 

significant role in Kenya‟s economic growth, development and food and nutrition security, 

systematic studies have not assessed demand for these crops among urban dwellers. Their 

actual contribution to the shift in demand among urban households remains unaccounted for 
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due to a lack of consumption data. From the foregoing, this study intends to fill this 

knowledge gap by evaluating the effect of demographic variables, price, and expenditure 

elasticities on household demand for selected R&Ts among households. Irish potatoes 

(Solanum tuberosum L.), sweet potatoes (Ipomoea batatas L. Lam.), cassava (Manihot 

esculenta Crantz), arrowroots (Maranta arundinacea L.), and yams (Dioscorea alata L.) 

were selected for this study because they are the main R&Ts commonly produced and 

consumed in Kenya (MoALFI, 2019). This study‟s findings could inform the formulation of 

relevant policies for the R&Ts subsector that promotes their consumption.  

 

5.2   Materials and Methods 

5.2.1   Study area and sampling design 

The study was conducted in Nakuru town east sub-county in Nakuru county, Kenya. 

The sub-county covers an area of approximately 230.9 square km with 193,926 inhabitants 

and a population density of 840 persons per square km (KNBS, 2019). The sub-county is 

subdivided into five wards (Bashara, Flamingo, Kivumbini, Menengai, and Nakuru East wards) 

and enjoys a temperate climate all year round. The sub-county relies on food supplies from 

other regions since agriculture is not the mainstay activity, and this was the main reason the 

study area was selected.   

Primary data were collected from selected urban dwellers using a stratified multistage 

sampling technique. The first stage purposively selected Nakuru County because of 

consumers‟ heterogeneity. Nakuru Town East Sub-County was purposively selected in the 

second stage because it hosts the highest number of market outlets for R&Ts. In the third 

stage, the chosen market outlets were stratified into three (supermarkets, organised open-air 

markets, and roadside stalls) across all five wards of Nakuru Town East Sub County.  

A mixed sampling technique was used in the fourth stage and conducted in two levels. 

Judgmental sampling was used in the first level because of the infinite population distribution 

of R&Ts consumers in the study area (Kothari, 2004). Respondents were deliberately and 

evenly distributed across selected market outlets in all wards. Random sampling was adopted 

in the second level, where an equal number of respondents were chosen from each market 

outlet across wards. Kothari (2004) approach was used to obtain 385 respondents distributed 

evenly across market outlets for all wards. Respondents were interviewed using semi-

structured questionnaires attached in Appendix L: Household Questionnaire at the market 

outlets immediately after purchasing R&Ts. Information on gender, age, education level, 
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household size, the proportion of household members 18 years and below, the proportion of 

household members 19 years and above, R&Ts real monthly expenditure, and R&Ts retail 

prices were obtained from the respondents. Using IBM SPSS Statistics 20 (IbmCorp, 2011) 

data analytical software, the collected data were coded, and data entry errors removed. The 

data were transferred to Stata 12 (StataCorp, 2014) computer program for econometric 

analysis.  

 

5.2.2   Demand Systems Estimation Approach 

Demand studies involve the use of either a single equation or systems approach. 

However, the systems approach has proved to be superior to single-equation approach. The 

systems approach consists of several equations, each representing one of the selected five 

R&Ts allowing for commodity substitution. The systems approach can be modelled as a 

Linear Expenditure System (LES), an Almost Ideal Demand System (AIDS), and Quadratic 

AIDS (QUAIDS) models. The AIDS model is preferred because it allows for approximate 

aggregation over consumers while at the same time retaining the theoretical features of 

flexibility (Deaton & Muellbauer, 1980) and its linear approximate version, the  LA/AIDS is 

more flexible, easy to estimate, and interpret (Alston & Chalfant, 1993; Taljaard et al., 2004). 

Nonetheless, AIDS is criticised because it linearises Engel curves, but the Quadratic Almost 

Ideal Demand System (QUAIDS) solves this problem. However, the linear estimation 

systems have some advantages over the nonlinear systems in empirical works hence the main 

reason for the continued use of LA/AIDS. For instance, nonlinear parameters are problematic 

when taking differences to remove nonstationarity in time series (Matsuda, 2006). Unless 

linearly estimated, nonlinear models AIDS and QUAIDS cannot be used to analyse 

nonstationary variables such as cointegration (error correction model). 

This study used a multistage budgeting approach where the household first allocates 

its income as per its total expenses over a broad category of commodities (food and non-food 

items). Thereafter, it allocates the respective income proportions to various subcategories of 

the previous broad categories (Bett et al., 2012; Edgerton, 1997). To estimate the demand for 

the selected R&Ts, this study adopts the linear approximated almost ideal demand system 

(LA/AIDS) model. During the demand analysis, the weak separability assumption was 

considered viable, therefore, tested. Further, R&Ts were considered a separable subcategory 

of the food category cascaded at the third budgeting stage. The LA/AIDS model follows the 

specification made by Deaton and Muellbauer (1980).  
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The estimation was done in two stages because of the infrequent consumption of 

R&Ts in the data. The first stage estimated the decision to purchase within a Probit model, 

and the second stage estimated the inverse Mills ratios (IMRs) from Probit parameters. This 

is comparable to  Heckman‟s two-step model that corrects selectivity bias (Heckman, 2013). 

The AIDS model incorporated the estimated IMRs obtained from the first stage (of the Probit 

model) as an instrumental variable in the second stage of estimation. Demographic and socio-

economic characteristics were added to the budget share equation to capture the differences 

in tastes and preferences across households (Deaton & Muellbauer, 1980; Pollak & Wales, 

1981; Willemé, 2008). The share equation based on the AIDS model is specified in equation 

(5.1); 

 In In IMR ,
x

w p Zij j k k i i ii i i Pj k

     
 

       
 

                           (5.1) 

where ( , )i j  represents the five R&T crops, wi is the budget share of the 
thi  R&T crop 

derived as p qi iwi x
  , q

i
 is the quantity of R&T i purchased, p j

 is the price of
thj  

R&T, 

and x  is the total expenditure of all R&Ts. Zk represents demographic and socio-economic 

characteristics, IMRi  is the inverse mills ratio, i  is random variable with zero mean and 

constant variance. The P is Stones Price Index for aggregate food. This Stones Price Index 

was corrected for units of measurement invariance following Moschini (1995) approach 

shown in equation (5.2); 

   In =  InP w pi
i
                                                                                                  (5.2) 

where w  represents the mean budget share. To comply with  the basic demand theory, 

adding up, homogeneity, and Slutsky symmetry restrictions (Deaton & Muellbauer, 1980), 

are imposed as follows;  

                                     (5.3)  

      0,  1,...,K j nki
i

      (Adding up)                                                                                    (5.4)                   

The adding-up restriction ensures that the expenditure shares always sum to one/unity.                

0,  1,...,j njk
k

     (Homogeneity),                                                                          (5.5) 

Homogeneity restriction ensures that there is no “money illusion”, that is, if all prices and 

income change at the same rate, then the consumed quantities do not change. 

1

i
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0i
i

        0i
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ij ji    (Symmetry),                                                                                                  (5.6) 

 Also, negativity is tested after estimating the compensated own price elasticities (Green & 

Alston, 1990; Hayes et al., 1990). Therefore, the expenditure elasticity is estimated as shown 

in equation (5.7); 

1
1   1  

 log 

wi ie
i w x wi i

    
              

                                                                        (5.7)                                                   

The Marshallian/ Uncompensated Price Elasticities are estimated as; 

1M iis
ii iwi




 
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                 (Own-price elasticity)                                             (5.8) 
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  (Cross-price elasticity),                                           (5.9)                        

where 
ij
  is a Kronecker delta that equals 1, for i j , otherwise zero, while the Hicksian 

elasticities are obtained from,   H Ms s e wij ij i i  and   H Ms s e wij ij i j  is as follows;  

1H iis wii iwi

 
   

 
 

                   (Own-price elasticity)                                             (5.10) 
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
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 
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 

  (Cross-price elasticity),                                           (5.11) 

The estimation process was performed through seemingly unrelated regression 

(SURE), an iterative estimation model (Zellner, 1962). Because the budget shares add up to 

unity in the demand system, one of the share equations for R&T was dropped to avoid error 

covariance matrix singularity. The dropped equation is recovered from the imposed 

restrictions on the LA/AIDS model (5.1). The SURE system parameter estimates in this study 

were obtained using Stata 12 (StataCorp, 2014) econometric software under constrained 

iterated seemingly unrelated regression (ITSUR) procedure. The model‟s variables and 

expected influence were selected from previous studies (Ashagidigbi et al., 2012; Bata et al., 

2018; Bett et al., 2012; Gido, 2022; Iorlamen et al., 2014; Kostakis, 2014; Tankari & 

Badiane, 2015). The choice of dependent and independent variables is shown in Table 5.1. 

Table 5.1: Description of variables for the linear approximate almost ideal demand system 

Variable Description and measurement  Exp. sign 

Dependent variable 

Wi Budget share of the i
th 

R&T  

Independent variables 

Age Age of the decision-maker in years (continuous) ± 

Gender Gender of the decision-maker (1=Male; 0=Female) ± 

Education Years of education of the decision-maker(continuous) ± 

H_size Number of household members (continuous) ± 



59 
 

Prop_house1 The proportion of household members 18 years and below ± 

Prop_house2 The proportion of the household members 19 years and above ± 

Prop_incfood The proportion of monthly income allocated to food items ± 

ln_Rts_exp Natural log of R&Ts real monthly expenditure in KES + 

In (p1,…p5) Natural log price per kilogram of Irish potatoes, Sweet 

potatoes, Cassava, Arrowroots, and Yams, respectively 

± 

IMR  Inverse Mills Ratios ± 
 

5.3   Results 

5.3.1   Descriptive results 

Table 5.2 provides details of the variables used in empirical data analysis. The mean 

age of decision-makers was approximately 40 years, with an average of 13 years of 

schooling. Male decision-makers were 47.79%. Households had an average of four family 

members. Approximately 31% of the family members were below the age of 18 years while 

69% were above. On average, 34% of the household‟s monthly income was allocated towards 

purchase of food items. 

Table 5.2: Description of variables and descriptive statistics 

Variables Description of variables and their measurements Range Mean 

Continuous variables   

Age Average age of the decision-maker in years  18.00 –72.00 40.00 

Education Average years of education of the decision-maker 1.00 – 27.00 13.00 

H_size Average household size 1.00 – 12.00 4.00 

Prop_house1 Proportion of household members 18 years and 

below 

0.00 – 0.75 0.31 

Table 5.3: Description of variables and descriptive statistics (Continued) 

Prop_house2 Proportion of the household members 19 years and 

above 

0.25 – 1.00 0.69 

Prop_incfood Proportion of monthly income allocated to food 

items 

0.02 – 0.90 0.34 

lnExp Natural log of R&Ts real
5
 monthly expenditure in 

KES 

3.25 – 7.99 5.69 

In (p1,…p5) Natural log price per kilogram of Irish potatoes, 

Sweet potatoes, Cassava, Arrowroots, and Yams, 

respectively 
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IMR  Inverse Mills Ratios   

Categorical variable      Count     Percentage 

Gender Average % of male decision-makers 184 48.00 

5
 Real monthly expenditure refers to the index scaled expenditures (Stones price index)

 

 

The results presented in Table 5.4 show household expenditures on R&T crops. The 

expenditure share allocation for R&T crops was highest in Irish potato and least in cassava. 

Similarly, participation (consumption) rates were highest in Irish potato and least in cassava 

and yam. Sweet potato, arrowroot, and yam had fair shares within the remaining R&T crops. 

Adding up restriction is confirmed in Table 5.4, where the sum of mean budget shares for all 

R&Ts sums up to one.  

Table 5.4: Household R&Ts expenditure 

R&T category Mean  budget shares Mean expenditure (KES) Participation rate 

Irish potato 0.4211 628.26 77.40 

Sweet potato 0.2514 380.52 60.52 

Cassava  0.0683 128.70 22.34 

Arrowroot 0.1867 394.55 41.56 

Yam 0.0725 139.09 22.34 

5.4 Empirical results 

5.4.1 Socio-economic and demographic effects 

Table 5.5 presents maximum likelihood estimates for socio-economic and 

demographic effects. The Chi-square values for all R&Ts equations were significant. The R
2
 

for Irish potato, sweet potato, cassava, arrowroot, and yam were 31.67, 26.80, 66.57, 18.21, 

and 74.87%, respectively. The poor fit was probably due to irregular purchases of some 

R&Ts. As shown in Table 5.5, few variables had significant influences on R&Ts budget 

shares. Statistically significant variables influencing the consumption patterns of R&Ts 

among urban households of Nakuru Town East sub-county include; Age, education, 

household size, and proportion of household members. 

The age of the decision-maker (Table 5.5) significantly influenced shares for sweet 

potato positively and negatively for cassava. Education significantly and positively 

influenced the budget shares for sweet potato and yam at 5%, and 10% significant levels 

respectively and negatively influenced shares for cassava at 1% significant level. Household 

size had a negative and significant effect on cassava shares at P ≤ 0.01. The proportion of 
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household members aged 18 years and below significantly influenced shares of cassava 

positively and negatively for yam. The proportion of household members aged 19 years and 

above had a similar influence on cassava and yam shares at P ≤ 0.01. In contrast, all R&Ts 

(Irish potato, sweet potato, cassava, arrowroot, and yam) had significant inverse Mills‟ ratios 

(IMRs). Therefore, ignoring non-consumers for these R&Ts during the LA/AIDS estimation 

would result in biased and inconsistent parameter estimates. 

5.4.2 Price and expenditure coefficients 

Table 5.6 presents maximum likelihood estimates for price and expenditure effects on 

R&Ts budget shares. Results indicate that own-price coefficients for Irish potato, sweet 

potato, cassava, and arrowroot were positive except for shares allocated to yam. The own 

prices did not significantly influence budget shares for all R&Ts. However, the cross-prices 

significantly influenced budget shares for arrowroot and sweet potato at P ≤ 0.05 conforming 

to the theoretical imposition of symmetry restriction a priori. That is, both cross prices had 

similar effects of -0.083 at P ≤ 0.05 (Table 5.6), following symmetry fashion (
ij ji  ). The 

expenditure coefficients negatively and significantly influenced budgetary allocations for 

Irish potato, sweet potato, cassava, and yam, while for arrowroot it was positive at P ≤ 0.01. 
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Table 5.5: Maximum likelihood estimates of the household socio-economic and demographic effects using LA/AIDS 

Share Age Gender Education H_size Prop_house1 Prop_house2 Prop_incfood IMR 

Irish potato -0.070 

(0.057) 

0.033 

(0.027) 

0.058 

(0.045) 

0.007 

(0.036) 

0.642 

(0.646) 

0.857 

(0.841) 

0.010 

(0.033) 

0.275*** 

(0.028) 

Sweet potato 0.111** 

(0.048) 

0.032 

(0.023) 

0.064** 

(0.032) 

-0.038 

(0.032) 

0.752 

(0.562) 

0.865 

(0.732) 

0.017 

(0.028) 

0.423*** 

0.043 

Cassava  -0.066*** 

(0.020) 

-0.005 

(0.009) 

-0.054*** 

(0.013) 

-0.039*** 

(0.013) 

1.006*** 

(0.233) 

1.230*** 

(0.303) 

0.009 

(0.011) 

-0.285*** 

(0.011) 

Arrowroot 0.049 

(0.052) 

-0.000 

(0.024) 

0.034 

(0.034) 

-0.038 

(0.034) 

0.019 

(0.603) 

-0.058 

(0.785) 

0.003 

(0.030) 

-0.170*** 

(0.028) 

Yam 0.022 

(0.017) 

0.009 

(0.008) 

0.019* 

(0.011) 

0.004 

(0.011) 

-0.777*** 

(0.199) 

-1.080*** 

(0.260) 

0.002 

(0.010) 

-0.316*** 

(0.010) 

***, **, * = Significant at 1%, 5%, and 10%, respectively 
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Table 5.6: Maximum likelihood estimates of the R&Ts categories price and expenditure effects using LA/AIDS 

R&Ts shares 

i
  Prices ij

  

 Price_irish 

potato 

Price_sweet potato Price_cassava Price_arrowroot Price-yam Expenditure 

 (Intercept)  (P1) (P2) (P3)                            (P4) (P5)          Coef.         

Irish potato 0.311 

(0.624) 

0.056 

(0.085) 

0.021 

(0.046) 

-0.028 

(0.036) 

-0.041 

(0.068) 

-0.008 

(0.032) 

-0.127*** 

(0.020) 

Sweet potato -0.589 

(0.533) 

0.021 

(0.046) 

0.065 

(0.047) 

0.001 

(0.019) 

-0.083** 

(0.042) 

-0.004 

(0.017) 

-0.108*** 

(0.017) 

Cassava  0.404* 

(0.214) 

-0.028 

(0.036) 

0.001 

(0.019) 

0.023 

(0.042) 

-0.003 

(0.036) 

0.008 

(0.031) 

-0.075*** 

(0.007) 

Arrowroot -0.216 

(0.569) 

-0.041 

(0.068) 

-0.083** 

(0.042) 

-0.003 

(0.036) 

0.098 

(0.083) 

0.028 

(0.033) 

0.053*** 

(0.017) 

Yam 1.517*** 

(0.194) 

-0.008 

(0.032) 

-0.004 

(0.017) 

0.008 

(0.031) 

0.028 

(0.033) 

-0.025 

(0.041) 

-0.077*** 

(0.006) 

***, **, * = Significant at 1%, 5%, and 10%, respectively
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5.4.3 Price and expenditure elasticities 

The own prices, cross prices, and expenditure elasticities are presented in Table 5.7. 

The price elasticity matrices comprise Marshallian (uncompensated) and Hicksian 

(compensated) elasticities. Results indicate that all Marshallian own-price elasticities for 

various R&Ts were negative, less than zero, conforming to utility theory.  

 

Table 5.7: Price and expenditure elasticities 

Expenditure shares  Irish potato Sweet potato Cassava Arrowroot Yam 

Marshallian/uncompensated elasticities 

Irish potato -0.739 0.125 -0.046 -0.041  0.003 

Sweet potato 0.263 -0.635 0.033 -0.248 0.017 

Cassava  0.048 0.288 -0.594 0.157 0.196 

Arrowroot -0.338 -0.514 -0.037 -0.526 0.131 

Yam 0.337 0.216 0.182 0.588 -1.268 

Hicksian/compensated elasticities 

Irish potato -0.446 0.301 0.001 0.090 0.054 

Sweet potato 0.503   -0.492 0.072 -0.142 0.058 

Cassava  0.008 0.264   -0.601 0.139 0.189 

Arrowroot 0.202 -0.191 0.051 -0.287 0.224 

Yam 0.314 0.202 0.179 0.578 -1.272 

Expenditure elasticities 

 0.698 0.570 -0.095 1.284 -0.056 

*In bold diagonally are the Marshallian and Hicksian own-price elasticities* 

 

The Hicksian own-price elasticities for Irish potato, sweet potato, cassava, arrowroot, 

and yam were also negative and consistent with utility theory a priori. Yam had more than 

unity (>1) price elasticity (-1.272) for the Hicksian demand function, hence elastic. All 

remaining R&Ts categories had less than unity (<1) price elasticities, therefore inelastic. The 

negative compensated own-price elasticities for all R&Ts satisfies the concavity requirement 

of utility function; therefore, the Slutsky matrix conforms to the negative semidefinite 

requirement. The expenditure elasticities range from positive to negative across all R&Ts, 

implying the presence of normal and inferior R&Ts categories in Nakuru Town East sub-
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county, Kenya. Moreover, the elasticities were computed using the total expenditure of 

R&Ts; therefore, they are conditional elasticities. 

 

5.5   Discussion 

5.5.1   Demographics, Price, and Expenditure Effects on Budget Shares 

 Age of the decision-maker was significant with a positive and negative influence on 

sweet potato and cassava shares respectively. The nutritional benefits of sweet potato make it 

more preferred by the ageing population with compromised immunity (Tan & Norhaizan, 

2019). Similarly, Ülger et al. (2018) revealed high consumption of yellow and orange-fleshed 

sweet potatoes among the ageing population and attributed it to their endowed medicinal 

properties. The low cassava budgetary allocation is probably due to the fear of cyanide 

poisoning (Oloya et al., 2017). Older households are prone to non-communicable diseases 

and are cautious of their dietary intake, consequently avoiding foods that could put their 

health at risk. In addition, age positively influenced the consumption patterns for the 

remaining R&Ts categories but was not significant. The inclusion of age in the analysis can 

capture variations in purchase behaviour occasioned by fluctuations in consumers‟ biogenic 

and psychogenic needs as age changes over time (Aidoo, 2009). 

 Education of the decision-maker significantly and positively influenced shares for 

sweet potato and yam and negatively for cassava shares. Educated households are likely to be 

more informed about dietary benefits of sweet potato and yam; therefore, they allocate more 

expenditure shares, agreeing with Villano et al. (2016) and Aidoo (2009). Consequently, the 

low cassava budgetary shares could be explained by educated households‟ higher nutritional 

knowledge that enables them to shift their consumption from cassava favouring more 

convenient alternatives through dietary diversity (Zani et al., 2019).  

 Household size had a significant and negative effect on cassava budget share. Larger 

households buy foodstuff that is affordable and meets preferences for all members. Since 

some cassava varieties have a bitter taste (Bechoff et al., 2018), few household members are 

likely to consume them. Larger households are more likely to have a wider variation in taste 

and preferences, implying different R&Ts meals are prepared for various household members 

at the same time. This food preparation process could be tedious, expensive, and time-

consuming. In this regard, households are more likely to allocate smaller expenditure shares 

on cassava in favour of alternative food items acceptable to all members. Contrary, Zani et al. 
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(2019) found a positive and significant influence of family size on cassava expenditure 

attributed to its affordability and fit in feeding larger households. 

Deaton and Muellbauer (1986) observed that household size affected the type of food 

products consumed, which varies according to the composition of household members. The 

proportion of household members aged 18 years and below positively and significantly 

influenced cassava budget share. Likely, this is due to the nutritional and medicinal benefits 

associated with cassava. For instance, cassava is rich in zinc and iron, enhancing healthy 

growth and cognitive development among children and the general younger population 

(Ghislain et al., 2019). Moreover, it provides therapeutic benefits against chronic diseases 

such as diabetes and cardiovascular ailments among older people (Onodu et al., 2018). 

Further results revealed that the proportion of household members aged 19 years and above 

negatively influenced the yam budget share. This could be attributed to its high retail price 

(Aidoo, 2009), which discourages larger households who are likely to purchase more yam 

and therefore opt for cheaper alternative R&Ts. 

 

5.5.2   Effects of Price and Expenditure Elasticities on Households’ R&Ts Consumption 

Behaviour 

5.5.3   Marshallian/Uncompensated price elasticities 

Generally, the elasticity coefficients found in this study conform to economic theory. 

All uncompensated (Marshallian) own price elasticities were negative as expected a priori, 

and most (Irish potato, sweet potato, cassava, arrowroot) were less than one, except for the 

yam share category. Arrowroot had the least own price elasticity in absolute terms, indicating 

that in case of a uniform general price increase in R&Ts, more income would be allocated to 

Arrowroot. The elasticities for Irish potato, sweet potato, cassava, and arrowroot lie between 

-0.526 and -0.739; therefore are price inelastic, which agrees with findings by Rono et al. 

(2017). The elasticities suggest that the quantity demanded for most R&Ts is not sensitive to 

price change. Every price increase for the R&T crop will reduce its demand either slightly or 

not at all. For instance, if the price of Irish potato falls by 10%, then its demand would grow 

by 7.3%, with the price effect accounting for 4.4% while the income effect as a result of price 

decrease contributing 2.9%. Consequently, a 10% increase in per capita income with a 

corresponding 10% decrease in Irish potato price would result in a 9.8% increase in its 

demand attributed to the addition of 2.9% to the corresponding expenditure elasticity in Table 

5.7.   
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If the price of arrowroot, a luxury R&Ts category decreases by 10%, then its demand 

would grow by approximately 5.2% in absolute terms, with the price effect accounting for 

2.8% while the income effect is due to price decrease contributing 2.4%. This implies that a 

10% increase in per capita income alongside a 10% decrease in arrowroot price would result 

in a 15.2% increase in its demand attributed to the additional 2.4% (income effect) on the 

corresponding expenditure elasticity (12.8%), Table 5.7. This description applies to the 

demand for the remaining R&T crops.  

All positive Marshallian cross-price elasticities indicate that two corresponding R&Ts 

are substitutes; that is, as the price of one R&T crop increases, demand for other competing 

R&T crop increases. In contrast, negative cross-price elasticities indicate that R&Ts are 

complements such that the demand for one R&T crop increases with a fall in the price of 

another R&T crop. Similarly, Gido (2022) found negative Marshallian and Hicksian cross-

price elasticities for African indigenous vegetables implying that the crops were 

complimentary otherwise substitutes. Categorically, Irish potato substitutes sweet potato and 

yam while complementing the rest of the R&Ts. For instance, if the price of Irish potato falls 

by 10%, the demand for sweet potato would decrease by 1.2% in Table 5.7, while 30.1% of 

this decline would consist of pure price effect. Alternatively, for Irish potato complements 

like cassava, a 10% decrease in Irish potato price would result in a 5% rise in demand for 

cassava. The same assessment applies to other substitutes and complements. Therefore, all 

substitutes and complements in the Marshallian demand system are gross substitutes and 

complements, respectively (De Jaegher, 2009). 

 

5.5.4   Hicksian/Compensated price elasticities 

The compensated own-price elasticities for all R&Ts in Nakuru Town East sub-

county were negative as expected a priori. All R&Ts had elasticities less than unity; 

therefore, price inelastic, except yam, which had a more than unity elasticity, therefore, price 

elastic. Arrowroot had the least own price elasticity in absolute terms. The elasticities of Irish 

potato, sweet potato, cassava, and arrowroot lie between -0.287 and -0.601; therefore, price 

inelastic. However, yam has an elasticity of -1.272, hence price elastic. The finding conforms 

with Rono et al. (2017), who found negative own-price elasticities for all R&Ts as expected a 

priori. Contrary, Manyong et al. (2007) found a positive own price elasticity for cassava flour 

and fufu attributed to the crops‟ consumption as substitutes and other factors.  
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For cross-price elasticities, the observations are similar to Marshallian demand. 

Positive cross-price elasticity indicates substitution effect, while negative cross-price 

elasticities imply complementarity. For instance, this study found a positive cross-price 

elasticity between Irish potato and sweet potato, meaning that the two R&Ts were substitutes, 

agreeing with Rono et al. (2017). The signs shift from negative to positive for some cross-

price elasticities, implying greater income effects on households (Ansah et al., 2020). 

Therefore, considering substitution for different R&Ts categories, Hicksian demand is 

preferred because it provides the best estimates due to a purely substitution effect, unlike the 

Marshallian demand, which has substitution and income effects, giving less efficient 

estimates.  

 

5.5.5   Expenditure elasticities 

The results indicate that expenditure elasticities for the R&Ts in the study area had 

mixed signs. The expenditure elasticities for Irish potato, sweet potato, and arrowroot were 

positive, therefore normal foods. The expenditure elasticity for arrowroot was greater than 

unity (1.284), consequently elastic and considered luxurious food to R&Ts consumers. This 

means that consumption of arrowroot will more than proportionately increase with an 

increase in expenditure (income). The expenditure elasticities for Irish potato and sweet 

potato were less than unity (0.698 and 0.570 respectively), therefore inelastic and regarded as 

necessity foods. Similarly, Ikudayisi and Okoruwa (2021) found that R&Ts across urban 

categories were expenditure inelastic implying that a 1% rise in the households‟ income was 

likely to reduce the demand for R&Ts by less than 1%. Therefore, consumption of these 

R&Ts categories will increase at a lower proportion than the proportionate increase in 

expenditure. Contrary, the expenditure elasticities for cassava and yam were negative and less 

than unity (-0.095 and -0.056, respectively); therefore, inelastic and inferior categories of 

R&Ts, where income increase results in a decrease in quantity demand. Probably, higher 

income levels give households higher purchasing power that enables them to diversify 

consumption patterns to; wheat products, fruits, meat products, and beverages which agrees 

with Rozi et al. (2021). The aforementioned decrease in cassava and yam consumption 

supports the conventional argument that urban households shift consumption towards soft 

cereals supported by increased preferences for alternative starch sources such as wheat as 

their income increases (Musyoka et al., 2014). 
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For necessary R&Ts (Irish potato and sweet potato), an expenditure elasticity of 0.698 

and 0.570 respectively implies that an increase in income by 10% would increase demand for 

Irish potato by 6.9% and sweet potato by 5.7%. For luxury R&T (arrowroot), an expenditure 

elasticity of 1.284 implies that a 10% increase in household income would increase demand 

for arrowroot by 12.84%. Finally, for inferior R&Ts (Cassava and yam), expenditure 

elasticities of -0.095 and -0.056, respectively, would imply a 10% increase in income would 

decrease their demand by 0.9 and 0.6%, respectively. 

These findings contradict Rono et al. (2017), who found positive expenditure 

elasticities for all R&Ts crops and possibly considered them as normal to luxury commodities 

as expected a priori. The observed variations in expenditure elasticities could be explained by 

socio-economic, institutional and cultural factors affecting households‟ consumption 

behaviour (Bett et al., 2012). Theoretically, income elasticities range from positive to 

negative signs. The positive and negative signs imply the presence of normal and inferior 

commodities respectively (Browne et al., 2007; Lewbel, 2006). For instance, as income rises, 

households substitute the consumption of inferior commodities, in this case, cassava and 

yam, for superior or normal alternatives. This shift in consumption is called the income effect 

(Nsabimana et al., 2020).  

 

5.6   Conclusion and recommendations 

The demand estimates in this study conform to economic theory, similar to many 

other studies that use the AIDS model. Findings reveal existence of varied interrelationships 

among R&Ts for Nakuru Town Eat sub-county. There is observed substitution between R&T 

crops, with Irish potato substituting sweet potato, while cassava substitutes Irish potato, sweet 

potato, and arrowroot. Irish potato and sweet potato are necessities among the available 

R&Ts. Arrowroot is a luxury R&T while cassava and yam exhibit characteristics of inferior 

commodities. Moreover, elasticity estimates are necessary to formulate policies and strategies 

that target the R&Ts industry in general to improve the country‟s R&Ts production, thereby 

meeting local demand and exporting the surplus. 

These results have important policy implications in the R&Ts sub-sector. Arrowroot 

was found to be a luxury R&T commodity, evidenced by its income/expenditure elasticity of 

more than unity (1.284) in absolute terms, while its corresponding Marshallian own-price 

elasticity was 0.526 in absolute terms. Household income is likely to impact more on its 

consumption than prices. The magnitudes of household income are higher than those of 
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prices. Therefore, for arrowroot, income policy appears to be likely more effective than price 

policy. Current estimates indicate that policies such as a general increase in R&Ts prices 

seeking to protect producers would not significantly affect households‟ consumption patterns 

as those favouring income growth. Formulating income-related policies such as those 

favouring income growth (raising the minimum wage rate) would imply that consumers are 

likely to purchase more R&Ts in particular arrowroot which is identified to have a higher 

expenditure elasticity and therefore considered a luxury good. Furthermore, Irish potato and 

sweet potato are a necessity and therefore play a significant role in households‟ dietary 

diversity. In this regard, policy formulation should consider not imposing taxes on Irish 

potato and sweet potato products, making them affordable among households (see Appendix 

J: Publication abstract). 
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CHAPTER SIX  

GENERAL DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

6.1   Critical review 

The world‟s population increase coupled with urbanisation exerts pressure on the 

dietary systems of many households, especially urban dwellers, resulting in hunger and 

malnutrition. As a result, roots and tubers (R&Ts) are championed as alternative meals to turn 

around healthy diets for enhanced food and nutrition security. By ranking, R&Ts are the 

second most frequently consumed crops after cereals in Kenya and include but are not limited 

to Irish potatoes, sweet potatoes, cassava, arrowroots, yams, cocoyams/taro, beets, carrots, 

and turnips.  

Roots and tubers have the advantage of sustainable production, are readily available, 

affordable and provide high nutritional value giving them a competitive edge in addressing 

food and nutrition security problems in Kenya. Roots and tubers provide food for households, 

feed for animals, and raw materials for industries. In addition, R&Ts have nutritional, health, 

and medicinal benefits such as antiobesity, hypocholesterolemic, and immunomodulatory 

activities. Therefore, have a higher potential to improve household welfare by curbing 

malnutrition and fighting dietary-related diseases. In Kenya, R&Ts production has increased 

from 2.4M MT in 2015 to 3.68M MT in 2018. Therefore, increasing the dietary choices of 

food baskets among households. 

Despite the highlighted benefits, R&Ts consumption is likely low. Their actual 

contribution to food and nutrition by urban dwellers remains unknown, making them some of 

the most underutilised foods among urban households. From the preceding, this study sought 

to identify factors influencing household preference for selected R&Ts, consumption 

frequency, and demand analysis for the crops to enhance their consumption and improve 

Kenyan urban consumers‟ food and nutrition security. Irish potatoes (Solanum tuberosum L.), 

sweet potatoes (Ipomoea batatas L. Lam.), cassava (Manihot esculenta Crantz), arrowroots 

(Maranta arundinacea L.), and yams (Dioscorea alata L.) were selected for this study 

because they are the main R&Ts commonly produced and consumed in the study area and 

Kenya in general. 

 

6.2   Consolidated discussion of the results 

From the analysis in general, the study revealed that R&Ts purchase was made mainly 

by women, implying that women are main food consumption decision-makers as expected a 
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priori. This could be explained by the fact that women mainly make food consumption 

decisions. The study revealed that most R&Ts consumers sampled were youthful, averaging 

39.85 years, implying the increased significance in the consumption of these crops among the 

middle urban dwellers. Moreover, the current study showed that the consumers‟ nutritional 

knowledge and awareness level for cassava and yam was low and inadequate.   

Consumer preference for selected R&Ts was analysed using the multivariate probit 

(MVP) model. Of 18 covariates, 14 had positive or negative significant influences on R&Ts 

preference among urban residents and the remaining 4, age, gender, household size, and 

household health, did not influence consumer preference for R&Ts. Education, monthly 

income, cultural orientation, nutritional knowledge, Covid-19 pandemic, market distance, 

farming of R&Ts, retail prices, production location, availability of R&Ts, size, quality, taste, 

and preparation time influenced preferences for R&Ts by urban households. Generally, the 

preference levels for R&Ts were relatively high indicating importance among many urban 

households and likely attributed to affordability making them favoured meals for the urban 

poor, whose larger proportion of income goes to food. For instance, increased monthly 

income, nutritional knowledge among decision-makers and affordable R&Ts retail prices 

more likely influenced preference for the crops. 

Consumption frequency for R&Ts was analysed using the negative binomial 

regression (NBR) model. The mean consumption frequency for R&Ts was seventeen times a 

month. Households recording higher consumption frequency for R&Ts utilised them as 

substitute for wheat products during breakfast and food for infants throughout the day. No 

zero consumption count was revealed during the survey implying that all households 

consumed R&Ts at least once per month. Household size, monthly income, household health, 

farming of R&Ts, nutritional knowledge, and availability of different types of R&Ts 

influenced their consumption frequency among urban households. For instance, enhanced 

nutritional knowledge among households influenced consumption frequency for R&Ts. 

Through enhanced nutritional knowledge, decision-makers know the recommended daily 

consumption of different food items enabling them to consume a balanced diet by 

incorporating R&Ts in meals. Moreover, nutritional knowledge assists households in 

selecting R&Ts with high nutritive value and developing different recipes which are 

acceptable to all the family members. 

The demand analysis for R&Ts among urban residents was analysed using Linear 

Approximated Almost Ideal Demand System (LA/AIDS) model. Empirical results showed 
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negative own-price elasticities (and less than one in absolute terms) for uncompensated and 

compensated demand analyses, implying that the quantity demanded for most R&Ts is not 

sensitive to price change, therefore in line with utility theory. Cross-price elasticities had 

positive and negative signs, indicating the presence of substitutes and complements 

respectively among R&Ts. Expenditure (income) elasticities for R&Ts had mixed signs 

ranging from elastic to inelastic. Irish potato and sweet potato were inelastic, with a positive 

sign classifying them as necessities goods. Cassava and yam were inelastic with a negative 

sign indicating they were inferior goods, while arrowroot was positive and elastic, therefore a 

luxury good. Compared to previous studies, R&Ts display varying elasticities likely 

explained by the dynamic nature of human behaviour, especially among urban households. 

Households in urban areas face diverse cultures and food choices, which influence the type of 

food they eat, shifting their consumption patterns as observed in the literature. 

 

6.3   Conclusions 

i. The study established that households with underlying health conditions seem to 

create a market opportunity that is adequately informed about the medicinal benefits 

of R&Ts. Therefore, the findings suggest that R&Ts should be incorporated into 

household meals because they provide significant amounts of essential macro and 

micronutrients that improve nutrition and help fight against various diseases due to 

their medicinal properties to support increased household consumption. 

ii. Larger households had higher R&Ts consumption counts likely attributed to their 

affordability. The findings suggest adopting value-addition strategies to ensure 

availability of high-quality and affordable R&Ts in the market acceptable by all the 

family members to enhance their consumption.  

iii. The expenditure elasticities reveal that Irish potato and sweet potato are necessities 

among the available R&Ts. Arrowroot is a luxury R&T while cassava and yam 

exhibit characteristics of inferior commodities. Therefore, elasticity estimates are 

necessary in formulating policies and strategies targeting R&Ts industry to improve 

their production, thereby enhancing producer and consumer welfare. 

 

6.4   Recommendations 

The following strategies and policies could be formulated based on the findings above. 
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i. Effective consumer awareness campaigns should be undertaken to reverse the 

negative consumer perception that R&Ts are foods for low-income earners and the 

poor in society. The increased consumer awareness could boost nutritional 

knowledge geared towards encouraging diversification of diets hence attaining food 

and nutrition security among households. The awareness campaigns should involve a 

multi-sectorial approach from producer and consumer organisations to the Kenyan 

government through relevant ministries.  

ii. Government policies should be geared towards enhanced set up of value-addition 

industries in R&Ts growing areas to ensure efficient supply and availability of 

acceptable high-quality R&Ts, boosting the R&Ts sector. For instance, tax policies 

such as tax breaks should be given to newly started R&Ts industries involved in 

value addition to encouraging more industries to be created. Moreover, value-

addition strategies such as canning could help prolong shelf life for R&Ts, ensuring 

their continuous supply throughout the year. The steady supply of R&Ts help in 

stabilising food prices as they act as substitute food when prices of other volatile 

foods hike. 

iii. As earlier observed, an increase in household income led to increased consumption of 

R&Ts. Therefore, policies that favour income growth, such as raising the minimum 

wage rate, could help boost the consumption of R&Ts. Moreover, through price 

regulation policies by the government, both producers and consumers will be 

protected hence improving their welfare in the long run. 

 

6.5   Areas of Further Research 

The study established that yam was mainly found in organised open-air markets and 

supermarkets. Moreover, R&Ts found in the supermarkets were labelled depending on 

variety hence easier for respondents to make informed purchase decisions. From the 

preceding, the study recommends the need for similar future research that could consider 

consumer preference for choice of market outlets for R&Ts. The expected results could help 

explain consumer purchasing behaviour concerning the preferred market outlet for R&Ts. 

Moreover, findings could inform the formulation of relevant policies, development of an 

efficient supply chain and value-addition strategies tailored toward the specific needs of 

R&Ts consumers. 
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APPENDICES 

Appendix A: Standard Poisson results  

Table 6.1: Standard Poisson results on factors influencing consumption frequency for R&Ts 

 Variables for Cons_frequency Coef. Std.Err. 

Socio-economic factors 

Age -0.001 0.001 

Gender -0.054** 0.025 

Education -0.006 0.004 

Household size 0.042*** 0.007 

Household income 0.156*** 0.026 

Culture -0.018 0.013 

Household health 0.049*** 0.016 

Covid-19 0.026* 0.014 

Institutional factors 

Market distance -0.004* 0.002 

Farming R&Ts 0.125*** 0.018 

Nutrition knowledge 0.094*** 0.017 

Prices for R&Ts 0.001 0.016 

Production place -0.019 0.012 

Availability  R&Ts -0.107*** 0.031 

Product related factors 

Size of R&Ts 0.061*** 0.023 

Quality of R&Ts 0.03 0.022 

Taste for R&Ts 0.053*** 0.019 

Preparation time 0.012 0.013 

Constant 0.757*** 0.23 

LR test for the model chi
2
(18) =  785.65                                          Prob > chi

2
       = 

0.0000***           

Akaike crit. (AIC)                    =  3370.943                             Bayesian crit. (BIC)  =  

3446.054 

***, **, * = Significant at 1%, 5%, and 10%, respectively 
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Appendix B: Test for goodness of fit  

Table 6.2: Standard Poisson regression model test for goodness of fit 

Test for goodness of fit ( model is not fit) Test for over dispersion  

Deviance goodness-of-fit  =  1595.388 

         Prob > chi
2
(366)      =    0.0000*** 

Deviance gof 
1
  /df = 1595.388/366 = 4.36 

 > 1 implies over distribution 

Pearson goodness-of-fit    =   1796.69 

         Prob > chi
2
(366)      =    0.0000*** 

Pearson gof /df =  1796.69/366 = 4.91 

> 1 implies over distribution 

1 
gof refers to goodness of fit of the model 

 

Appendix C: Over dispersion test for the standard Poisson model  

Table 6.3: Over dispersion test using conditional mean and variance for the standard Poisson 

model 

Availability  R&Ts mean variance N 

No 16.079 106.168 127 

Yes 17.787 131.803 258 

Total 17.223 123.695 385 

The variance is greater than the mean across, implying presence of data over dispersion 

 

Appendix D: Test for goodness of fit between Poisson and nbreg 

Table 6.4: AIC and BIC test for goodness of fit between Poisson and nbreg 

Model   Obs  ll(null)  ll(model)  df  AIC  BIC 

poisson  385 -2059.296 -1666.471 19  3370.943  3446.054 

nbreg  385 -1395.724 -1320.351 20  2680.703  2759.768 

Lower values of either AIC or BIC indicate a better fit 
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Appendix E: ZIP model results 

Table 6.5: ZIP model results on factors influencing consumption frequency for R&Ts 

Variables classification Variables for Cons_frequency Coef. Std.Err. 

Socio-economic factors 

Standard Poisson regression 

Age -0.001 0.001 

Gender -0.054** 0.025 

Education -0.006 0.004 

Household size 0.042*** 0.007 

Household income 0.156*** 0.026 

Culture -0.018 0.013 

Household health 0.049*** 0.016 

Covid-19 0.026* 0.014 

Institutional factors 

Market distance -0.004* 0.002 

Farming R&Ts 0.125*** 0.018 

Nutrition knowledge 0.094*** 0.017 

Prices for R&Ts 0.001 0.016 

Production place -0.019 0.012 

Availability  R&Ts -0.107*** 0.031 

Product related factors 

Size of R&Ts 0.061*** 0.023 

Quality of R&Ts 0.03 0.022 

Taste for R&Ts 0.053*** 0.019 

Preparation time 0.012 0.013 

Constant 0.757*** 0.23 

 Logistic regression for zero inflation 

 Age -2228.591 . 

 Gender -96164.124 . 

 Education -7051.493 . 

 Household size -18326.45 . 

 Market distance -7812.849 . 

 Prices for R&Ts -38902.759 . 

 Production place -45234.745 . 

 Constant -96229.874 . 

LR test of alpha=0: chibar
2
(01)                =.                                              Prob>=chibar

2
        =. 
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Table 6.6: ZIP model results on factors influencing consumption frequency for R&Ts 

(Continued) 

Vuong test of zip vs. standard Poisson: z =.                                               Prob >               z   =. 

LR test for the model chi
2
(18)                  =  785.65                       Prob > chi

2
      = 0.0000***           

Akaike crit. (AIC)                                      =  3370.943          Bayesian crit. (BIC) =  3446.054      

***, **, * = Significant at 1%, 5%, and 10%, respectively 

 

 

Appendix F: AIC and BIC test for goodness of fit  

Table 6.7: AIC and BIC test for goodness of fit between Poisson, nbreg, and zip 

Model   Obs  ll(null)  ll(model)  df  AIC  BIC 

poisson  385 -2059.296 -1666.471 19  3370.943  3446.054 

nbreg  385 -1395.724 -1320.351 20  2680.703  2759.768 

zip 385 -2059.296 -1666.471 19 3370.943 3446.054 

Lower values of either AIC or BIC indicate a better fit 
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Appendix G: ZINB model results  

Table 6.8: ZINB model results on factors influencing consumption frequency for R&Ts 

 Variables for Cons_frequency Coef. Std.Err. 

 Negative Binomial regression 

Socio-economic factors 

Age -0.003 0.003 

Gender -0.057 0.052 

Education -0.007 0.009 

Household size 0.047*** 0.015 

Household income 0.14*** 0.053 

Culture -0.002 0.028 

Household health 0.069* 0.037 

Covid-19 0.012 0.029 

Institutional factors 

Market distance -0.003 0.004 

Farming R&Ts 0.139*** 0.04 

Nutrition knowledge 0.095*** 0.036 

Prices for R&Ts 0.006 0.035 

Production place -0.023 0.026 

Availability  R&Ts -0.124** 0.063 

Product related factors 

Size of R&Ts 0.054 0.047 

Quality of R&Ts 0.039 0.045 

Taste for R&Ts 0.06 0.04 

Preparation time 0.009 0.028 

Constant 0.951** 0.461 

 Logistic regression for zero inflation 

 Age 0.00 376.068 

 Gender 0.00 7551.433 

 Education 0.00 1072.673 

 Household size 0.00 2145.366 

 Market distance 0.00 620.33 

 Prices for R&Ts 0.00 3755.689 

 Production place 0.00 3739.744 

 Constant -22.408 22199.142 

 /lnalpha -1.713*** 0.095 
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Table 6.9: ZINB model results on factors influencing consumption frequency for R&Ts 

(Continued) 

 Alpha 0.18 0.017 

Likelihood-ratio test of alpha=0:  chibar
2
(01) =   692.24               Prob>=chibar

2
 =  0.0000*** 

Vuong test of zinb vs. standard negative binomial: z = -0.01                       Prob > z   = 0.5052 

LR test for the model chi
2
(18) =  150.75                                            Prob > chi

2
   = 0.0000***           

Akaike crit. (AIC)      =  2696.703                                        Bayesian crit. (BIC)    =  3446.054      

***, **, * = Significant at 1%, 5%, and 10%, respectively 

 

Appendix H: Test for goodness of fit between Poisson, nbreg, zip, and zinb models 

Table 6.10: AIC and BIC test for goodness of fit between Poisson, nbreg, zip, and zinb 

models 

Model   Obs  ll(null)  ll(model)  df  AIC  BIC 

poisson  385 -2059.296 -1666.471 19  3370.943  3446.054 

nbreg  385 -1395.724 -1320.351 20  2680.703  2759.768 

zip 385 -2059.296 -1666.471 19 3370.943 3446.054 

zinb 385 -1395.724 -1320.351 28 2696.703 2807.394 

Lower values of either AIC or BIC indicate a better fit 
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Appendix I: Publication abstract 
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Appendix J: Publication abstract 
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Appendix K: Research Permit 
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Appendix L: Household Questionnaire 

A. Questionnaire Identification 

I am Nuani Fredrick Ouma, pursuing an MSc degree in Agricultural and Applied 

Economics at Egerton University. I am researching on Determinants of consumption 

patterns for selected roots & tubers among urban households in Nakuru Town East Sub 

County, Kenya. The purpose of this study is purely academic.   

Consent 

I humbly request you to take part in this interview since the information you will provide will 

assist in meeting my study objectives. I assure you that your information will be treated as 

confidential as possible. Thank you. 

Signature…………………………………………... 

Date………………………………………………... 

Name of interviewee …………………………………...……………….………....................... 

Questionnaire number …………………………………………………………………...…..… 

Name of interviewer/Enumerator…………………………...………………………………..… 

B. Geographical Location of the Household Head 

Type of the market outlet for the roots and tuber …………...…………………………………. 

Ward ……………………………………………………………………………...…................. 

Location …………………………………………………………………………………........... 

C. Household Key Decision Maker’s Demographic Characteristics (Tick where 

appropriate) 

 1.0 Gender of the decision-maker. 

  

 

1.1 Age of the decision-maker (in years) ………………….……………….…………….......... 

1.2 How many years have you spent on your schooling/education?............................................  

1.3 How many members are there in your household? ……………………………………....... 

1.4 Number of household members by age distribution? (Select appropriately in the table 

below)  

Age Ranges Females Males Total 

0-18    

>=19    

1.5 From what sources do you earn your income? 

1 = Male,  0 = Female,  
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1.6 Please specify other income sources……………………………………………………….. 

1.7 What is your annual average income?.......................................................... (in Kenya  

       shillings). 

1 = Yes,  2 = No,  

1.8 What proportion of your expenditure is allocated to R&Ts?.................................................  

      (in Kenya shillings). 

1.9 Does your household participate in the farming/production of root and tuber crops? 

1 = Yes,  2 = No,  

D. Household’s Socio-Economic and Institutional Characteristics (Tick where 

appropriate) 

2.0 Do you have any information concerning the benefits of consuming root and tuber crops? 

1 = Yes,  2 = No,  

2.1 If Yes, in question (2.0) above, what was the source of information? 

Personal communization, i.e. family, friends, fellow consumers  

Nutritional experts (Experts in food, nutrition, and dietetics)  

Mass media, i.e. Tv, Radio, magazine, newspaper, Internet, websites  

Social media, i.e. Twitter, Facebook, WhatsApp, texts  

2.2 Do you have knowledge of identifying the nutritional composition of root and tuber  

      crops? 

1 = Yes,  2 = No,  

2.3 Does knowledge of nutritional composition for the selected root and tuber crops influence   

      your preference? 

1 = Yes,   2 = No,  

2.4 Below is a table with nutritional composition for root and tuber crops; please select the 

ones that you know to be found in these crops. 

Core Nutrients  Other Phytochemicals  

Carbohydrates  Sodium  

Vitamin A  Potassium  

Vitamin B  Calcium  

Vitamin C  Manganese  

Proteins  Iron  

1 = Employed,  2 = Self-employed,  3 = Both,  
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Fibre  Bioactive compounds, i.e. (Phenolic acid, 

Anthocyanin, Ascorbic acid) 

 

2.5 What is your level of nutritional knowledge for the selected root and tuber crops you  

       consume? (Tick where applicable). 

Likert scale Poor  Fair Average Good Excellent 

Measurement 1 2 3 4 5 

Irish potatoes      

Sweet potatoes       

Yams      

Arrow roots      

Cassava      

2.6 Does prices for the selected root and tuber crops influence your preference? 

1 = Yes,  2 = No,  

2.7 Does the place of production for the selected root and tuber crops influence your  

      preference? 

1 = Yes,  2 = No,  

2.8 Does the presence of different root and tuber crops influence your preference? 

1 = Yes,  2 = No,  

2.9 Does the size of the selected root and tuber crops influence your preference? 

1 = Yes,  2 = No,  

3.0 How satisfied are you with the nutritional quality of your preferred root and tuber crops?  

      (Tick,where necessary and leave blank where it is not applicable)  

Likert scale Very dissatisfied  Dissatisfied  Neutral Satisfied  Very satisfied 

Measurement 1 2 3 4 5 

Irish potatoes      

Sweet potatoes       

Yams      

Arrow roots      

Cassava      

3.1 Does the level of external damage for the selected root and tuber crops influence their     

      preference? 

1 = Yes,  2 = No,  

3.2 Does knowledge of nutritional composition for the selected root and tuber crops influence   
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      your frequency of consumption? 

1 = Yes,  2 = No,  

3.3 Does the presence of different types of root and tuber crops influence your consumption   

      frequency? 

1 = Yes,  2 = No,  

3.4 Does the role played by the selected root and tuber crops in managing Covid-19 influence  

      its frequency of consumption? 

1 = Yes,  2 = No,  

3.5 Is there any member of your household with an underlying health condition(s) that 

necessitates your frequent consumption of the selected roots and tubers? 

 

 

3.6 Does prices for the selected root and tuber crops influence your consumption frequency? 

1 = Yes,  2 = No,  

3.7 Does the taste of the selected root and tuber crops influence your frequency of  

      consumption? 

1 = Yes,  2 = No,  

3.8 Does preparation time (Duration of cooking) for the selected root and tuber crops 

influence your frequency of consumption? 

1 = Yes,  2 = No,  

3.9 What is the distance from your area of residence to the nearest root and tuber  

      market?................…………………………............. (Distance in Kilometers). 

4.0 How much time do you spend moving from your area of residence to the preferred market  

      for roots and tubers? …………………………………… (In walking minutes). 

4.1 How often does your household consume any of the root and tuber crops listed below?  

     (Fill Appropriately and remember to leave blank where the crop was not eaten).    

4.2 Please indicate the quantity and price for each of the listed roots and tubers you consume  

1 = Yes,  2 = No,  

Root & tuber type Tick here Frequency of consumption (In a month) 

Irish potatoes   

Sweet potatoes    

Yams   

Arrow roots   

Cassava   
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      in a month. (Indicate only the crops your household consumes in a month). 

Type of root and 

tuber 

How are the products packaged/sold 

in the market 

Quantity 

(Kg) 

Unit 

price 

Total 

Irish potatoes     

Sweet potatoes     

Yams     

Arrow roots     

Cassava     

4.3 In your opinion, what is your perception of the prices of your preferred roots and tubers? 

Likert scale Highly 

unaffordable 

Unaffordable Neutral Affordable Highly 

affordable 

Measurement 1 2 3 4 5 

Irish potatoes      

Sweet potatoes       

Yams      

Arrow roots      

Cassava      

4.4 If the roots and tubers were priced within your budget, how interested would you be in  

      purchasing them? 

Likert scale Selected root and tuber crops 

Irish 

potatoes 

Sweet potatoes Yams Arrow roots Cassava 

1=Not interested      

2=Undecided      

3=Interested      

4=Very Interested      

 

E. Roots and Tubers’ Role in Food and Nutrition Security 

5.0 In your opinion, do the roots and tubers play a role in improving food and nutrition  

      security of a nation?  

1 = Yes,  2 = No,  

5.1 If Yes, which among the listed reasons makes the preferred root and tuber crops play a 

role in improving the food and nutrition of Kenya?  
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Roots and tubers Reasons 

Irish potatoes Availability 

Accessibility 

Utilization 

Stability 

Sweet potatoes  Availability 

Accessibility 

Utilization 

Stability 

Yams Availability 

Accessibility 

Utilization 

Stability 

Arrow roots Availability 

Accessibility 

Utilization 

Stability 

Cassava Availability 

Accessibility 

Utilization 

Stability 

 

The End 

Thank You Very Much for Your Participation 
 

 


